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The publication of this ASPC Manual of Preventive 
Cardiology coincides with the twentieth anniversary 
of the 1994 publication of the Primer in Preventive 
Cardiology by the American Heart Association (1). As 
the chair of its editorial committee, I can vouch that 
the Primer and the ASPC Manual share the goal of 
“summarizing the knowledge and experience gained” 
in the efforts to control this greatest epidemic of the 
twentieth century. Also shared is the target audience 
of the publications, namely students and practitioners 
of medicine, nursing, and other health professions, 
who will be responsible for translation of that knowl-
edge and experience into better cardiovascular health 
at the patient, community, and societal levels.

The foreword for the Primer (2) was contrib-
uted by Dr. Jeremiah Stamler, a member of everyone’s 
Preventive Cardiology Hall of Fame. His remarks 
emphasized the role of populationwide, primordial 
prevention, as the main driver of the 50% decline in 
coronary heart disease mortality since the late 1960s. 
He also provided a challenge for physicians to contrib-
ute to the cardiovascular disease prevention efforts: 
“physicians should work at three levels: (i) in their 
practices, with their patients, and with their patients’ 
families; (ii) in their communities, to advance imple-
mentation of preventive efforts in neighborhoods, 
schools, workplaces, and medical centers …, and 
(iii) at the national level to influence public policy, 
resource allocation, and national priorities.”

The ASPC Manual summarizes the consid-
erable progress made in all three of these areas. 
The Manual especially provides practitioners with 
evidence-based knowledge and tools to reduce the 

risk of heart attack, stroke, and sudden death. These 
guidelines have evolved also from those oriented to 
primary (3) versus secondary prevention (4) to those 
that consider a continuum of risk and cost effective-
ness. Complementary to clinical guidelines, com-
munity-level prevention has been re-emphasized in 
the original “American Heart Association Guide for 
Improving Cardiovascular Health at the Community 
Level” in 2003 (5). Its 2013 update provides prac-
titioners and planners alike with community-based 
strategies focused on improving cardiovascular 
health rather than reducing cardiovascular risk (6). 
The policy infrastructure alluded to by Dr. Stamler 
has also evolved (7), with large initiatives such as the 
Community Transformation Grant Program focusing 
on creating environments in which the heart healthy 
option is the easier and less expensive one. The 
knowledge, skills, and tools available to practitioners 
in 2014 dwarf those available in 1994. The ASPC 
Manual assembles these for its readers.

The final chapter of the Primer consisted of a 
“Postscript: Preventive Cardiology in the 21st Cen-
tury” (8), which I had the pleasure of coauthoring with 
our late friend and colleague from the American Heart 
Association, Dr. Mary Winston. In that brief docu-
ment, we warned: “The continuation of the decline in 
cardiovascular mortality rate is by no means a fore-
gone conclusion.” Indeed, by the late 1990s, there was 
concern about the slowing of the decline in coronary 
and stroke mortalities (9). The new epidemics of obe-
sity and diabetes posed real threats to the progress 
made. Yet, the subsequent data show sizeable and 
continuing declines in coronary and stroke mortality, 

Foreword

xiii

Amsterdam_87864_PTR_FM_i-xviii_10_01_14.indd   13 10/1/14   9:57 PM



xiv ForeWord

identified a number of strategies that could be imple-
mented at the clinical institution (e.g., hospital, clinic) 
or the practitioner levels to increase quickly the pro-
portion of eligible patients who are receiving interven-
tions recommended by guidelines.

This ASPC Manual is essential to this effort, 
in providing the knowledge, tools, and the evidence 
to support the clinical practice of preventive cardiol-
ogy. In 1994 we wrote (8): “Whatever the 21st century 
brings, future prevention and treatments will surely be 
built upon the foundation of knowledge and experi-
ence summarized in the publication. It is hoped that 
this primer will prepare the physician for the excit-
ing times ahead.” The ASPC Manual clearly continues 
this tradition. The 20-year perspective might include 
that, although much remains to be done, we now have 
expanded confidence that the knowledge, tools, and 
strategies included in the Manual are proven to pro-
vide huge benefits to our patients and communities. 
The apathy and doubts about preventive cardiology as 
a discipline can be set aside and replaced by its inclu-
sion in all health professional curricula. The ASPC 
Manual should play an important role in this coming-
of-age of preventive cardiology.

Thomas A. Pearson, MD, MPH, PhD

 6. Pearson TA, Palaniappan LP, Artinian NT, et al. 
American Heart Association Guide for Improving 
Cardiovascular Health at the Community Level, 2013 
Update. A scientific statement for public health practi-
tioners, healthcare providers and health policy makers. 
Circulation. 2013;127:1730–1753.

 7. Pearson TA. Public policy approaches to the preven-
tion of heart disease and stroke. Circulation. 2011; 
124:2560–2571.

 8. Pearson TA, Winston M. Postscript: Preventive Cardio-
logy in the 21st Century. In Pearson TA et al (Ed). Primer 
in Preventive Cardiology, Dallas, TX: American Heart 
Association; 1994, pp. 293–294.

 9. Pearson TA. The prevention of cardiovascular disease: 
have we really made progress? Health Aff (Millwood). 
2007;26:49–60.

10. Yeh RW, Sidney S, Chandra M, et al. Population trends 
in the incidence and outcomes of acute myocardial 
infarction. NEJM. 2010;362:2155–65.

11. Frieden TR, Berwick DM. The “Million Hearts” ini-
tiative: preventing heart attacks and strokes. NEJM. 
2011;365: e27.

disproving our prediction that “cardiovascular disease 
will probably remain the leading cause of death in the 
United States and most Western countries well into 
the 21st century.” Indeed, for a number of states in 
the United States, coronary heart disease is currently 
not the leading cause of death for the first time in 100 
years. Although community-level and policy initia-
tives clearly continue to play significant roles, studies 
of health plan populations have documented large and 
rapid declines in myocardial infarction incidence and 
case fatality, coinciding with increased use of individ-
ual preventive cardiology interventions such as lipid-
lowering and antihypertension therapies (10). This 
evidence base has led to national programs such as 
the Million Hearts Initiative to implement the ABCS 
(Aspirin, Blood Pressure Control, Cholesterol Man-
agement, and Smoking Cessation) more widely into 
the nation’s clinics and hospitals (11).

Underpinning these programs is the notion that 
we have the knowledge and tools to effectively pre-
vent most cases of coronary heart disease and stroke. 
The next (and final?) challenge then is to implement 
what we already know into the flow of clinical care, 
through the use of evidence-based strategies shown to 
be feasible and effective in a wide variety of contexts. 
The relatively new area of implementation science has 

ReFeRenCes
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of the ASPC Manual of Preventive Cardiology are 
to address contemporary practical approaches to the 
most vital aspects of preventing cardiac and vascular 
disease. Clinical utility for practitioners is foremost 
and special efforts have been made by the authors and 
editors to ensure that the content of all chapters is as 
up to date as possible.

The extent of this field now far exceeds its 
traditional designation of “preventive cardiology,” 
as reflected by the spectrum of topics in the ASPC 
Manual of Preventive Cardiology. In addition to the 
time-honored topics of CVD risk factors, we also 
include chapters on peripheral artery disease, stroke, 
smoking, contemporary cardiovascular imaging, heart 
failure, metabolic syndrome, thrombosis, nutrition, 
special populations, novel risk factors, and psychoso-
cial stress. An important feature is inclusion and expert 
assessment of the most recent prevention guidelines of 
the American College of Cardiology and American 
Heart Association, including those on risk assessment, 
lifestyle recommendations, blood cholesterol, and 
obesity as well as the new guidelines on hypertension.

This volume is the first of its kind since the 
publication of the original Primer in Preventive 
Cardiology in 1994 by the American Heart Associa-
tion, edited by Dr. Thomas Pearson and colleagues. 
It is hoped that the expertise and access of current 
approaches to prevention in this compact Manual will 
promote translation of knowledge into daily practice 
to stem the tide of CVD worldwide.

Preventive cardiology has made substantial contribu-
tions to reducing the toll of cardiovascular disease 
(CVD) during the past 50 years but despite these 
advances, CVD remains the leading cause of death in 
the United States, and the global burden of the disease 
continues to rise. In addition, the epidemic of obe-
sity and the increase in diabetes threaten to reverse 
the downward trend of CVD. Coronary heart disease 
(CHD) is the primary etiology of this public health 
crisis and claims more than one million victims annu-
ally in the United States, and stroke, heart failure, and 
peripheral arterial disease are also major contributors 
to the burden of CVD. The crucial personal and eco-
nomic benefits of preventing CVD compared to treat-
ment of advanced atherosclerotic vascular disease 
have been convincingly demonstrated but optimal 
application of this evidence into daily practice lags, a 
deficiency that has gained recognition as the “knowl-
edge–practice gap.”

This situation necessitates intensification of 
efforts to prevent a reversal of past achievements in 
the struggle against CVD. It has also provided the 
background and incentive for the development of the 
American Society for Preventive Cardiology (ASPC) 
Manual of Preventive Cardiology. The editors have 
devoted their careers to this field in both practice and 
research and we are gratified that this Manual is an 
official publication of the ASPC.

Although textbooks on preventive cardiology 
have detailed its science and application, the goals 
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National Burden of Cardiovascular 
Disease and Associated 

Risk Factors

1

Cardiovascular disease (CVD) and associated contrib-
uting risk factors impose a major burden on our society 
nationally and internationally (1). Despite successful 
advances over the past several decades in treatment 
of cardiovascular disease, risk factors such as obesity, 
lack of physical activity, and diabetes mellitus are all 
on the rise. In this chapter, we briefly summarize the 
burden of cardiovascular disease and major vascular 
risk factors, along with the resulting economic and 
human costs. Toward this end, the American Heart 
Association (AHA), in conjunction with the  Centers 
for Disease Control and Prevention, the National 
Institutes of Health, and other government agencies, 
brings together the most up-to-date statistics on heart 
disease, stroke, other vascular diseases, and their risk 
factors, and presents them in its annual Heart Disease 
and Stroke Statistical Update (1) which serves as a 
major resource for highlighting key statistics most 
pertinent to practicing physicians.

CARDiovAsCulAR DiseAse

CVD includes all diseases of the circulatory system. 
In general, however, we focus on patients with clini-
cal coronary heart disease (CHD), hypertension, heart 
failure, stroke, peripheral artery disease (PAD), and 
diseases of the veins (eg, deep venous thrombosis). 
Although congenital heart disease is an important 

form of CVD, it is not typically included in national 
estimates for total CVD unless otherwise specified (1).

Mortality and Morbidity Attributable to CvD

Overall Cardiovascular Disease
 n The 2010 rate of death attributable to CVD was 236 

per 100,000 in the United States. The CVD death rate 
varied by race and gender: 278 per 100,000 for white 
men, 369 per 100,000 for black men, 192 per 100,000 
for white women, and 261 per 100,000 for black women.

 n On a positive note, from 2000 to 2010, the death rate 
attributable to CVD declined a relative 31%, with a 
decline in the actual number of CVD deaths per year 
of ≈ 17%. However, in 2010, 32% of all ≈ 2.5 million 
deaths were attributed to CVD, or ≈ 1 of every 3 deaths 
in the United States.

 n Based on 2010 estimates, > 2150 Americans die of 
CVD each day, representing ≈ 1 death every 40 seconds. 
About 150,000 Americans who died of CVD in 2010 
were younger than 65 years old. Furthermore, 34% of 
deaths attributable to CVD occurred before the age of 
75 years, which is younger than the current average life 
expectancy of ≈ 79 years old.

 n In 2010, the age-standardized death rate attributable 
to CVD was 237 per 100,000 (including congenital 
heart disease), which is 8.8% lower compared with 
2007 (259 per 100,000) (2). However, the overall CVD 
mortality burden remains high nationally (Figure 1.1).

Jamal S. Rana, MD, PhD  
and Alan S. Go, MD 
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in the United States. Approximately 610,000 of these 
are first events and 185,000 are recurrent stroke events, 
with an estimated 85% of all strokes being ischemic. 
In 2010, stroke caused ≈ 1 of every 19 deaths in the 
United States.

 n On average, every 40 seconds, someone in the 
United States experiences a stroke, and someone dies 
of one approximately every 4 minutes.

 n The decline in stroke-related death over the past 
several decades—a major improvement in popula-
tion health observed for both sexes and all race and 
age groups—has resulted from both reduced stroke 
 incidence and lower case fatality rates.

Heart Failure
 n In 2010, 1 in 9 death certificates (≈ 280,000 deaths) 

in the United States mentioned heart failure. Heart 
failure was assigned as the underlying cause in 
≈ 58,000 of those deaths in 2010. Of interest, the num-
ber of deaths attributable to heart failure was approxi-
mately as high in 1995 (≈ 287,000) as it was in 2010 
(≈ 280,000).

 n In addition, annual hospitalizations for heart failure 
remained stable from 2000 to 2010, with first-listed 

Figure 1.1 Age-standardized rate of death  attributed to Cvd (based on iCd-10 coding used for death  certificates) 
in the United States (2000 to 2010). Based on data from Centers for disease Control and Prevention and the 
National Center for Health Statistics.

Coronary Heart Disease
CHD (defined as acute myocardial infarction, other 
acute coronary syndrome, angina pectoris, and 
chronic ischemic coronary heart disease) alone caused 
≈ 1 of every 6 deaths in the United States in 2010. In 
2010, there were 379,559 deaths in the United States 
attributed to CHD. Each year, an estimated ≈ 620,000 
Americans experience either a first hospitalized 
myocardial infarction or die secondary to CHD, and 
≈ 295,000 have a recurrent hospitalized myocardial 
infarction. Furthermore, it is estimated that an addi-
tional 150,000 silent first myocardial infarctions occur 
each year which is associated with a poorer long-term 
prognosis. Based on these estimates, approximately 
every 34 seconds, 1 American has an acute coronary 
event, and approximately every 1 minute 23 seconds, 
an American will die of one.

Stroke
From 2000 to 2010, the relative rate of stroke-related 
death fell by 35.8% and the actual number of stroke 
deaths declined by 22.8%. Despite this encouraging 
news, ≈ 795,000 people continue to experience a new 
or recurrent stroke (ischemic or hemorrhagic) annually 
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In 2010, ≈ 3,200 deaths were attributed to congenital 
heart defects nationally. Between 1999 and 2006, the 
age-adjusted rate of death declined ≈ 20–40%, and 
deaths were more likely to occur at older ages in more 
recent years.

Cardiovascular Health
In the context of preventive cardiology, it is important 
to discuss a newly introduced concept of cardiovas-
cular health by AHA. It is characterized by 7 health 
metrics (Table 1.1) where ideal cardiovascular health 
is defined by the absence of clinical CVD in combi-
nation with having optimal levels of all seven met-
rics, including four health behaviors (not smoking, 
adequate physical activity, a healthy diet, and normal 
body weight) and three health factors (optimal total 
cholesterol, blood pressure, and fasting blood glucose 
in the absence of drug treatment). Using this approach, 
one can consider the spectrum of cardiovascular health 
in terms of each of the health behaviors and health 
 factors and represented as being “ideal,” “intermedi-
ate,” or “poor.” Table 1.1 provides the specific AHA 
definitions for ideal, intermediate, and poor cardiovas-
cular health based on each of the seven metrics.

Age-standardized estimates for poor, intermedi-
ate, and ideal cardiovascular health for each of the seven 
metrics are shown in Figure 1.2. Unfortunately, as the 
figure illustrates, based on estimates from the 2009–
2010 National Health and Nutrition Examination Sur-
vey (NHANES), there is very high prevalence of poor 
indices for healthy diet, physical activity, and obesity in 
U.S. adults.

What is particularly sobering is that only 0.1% 
of U.S. adults met all seven criteria at ideal levels in 
2009–2010, with only ≈ 13% of U.S. adults meeting 
five criteria and ≈ 4% meeting six criteria. Most U.S. 
adults (≥ 65%) have only two, three, or four criteria at 
ideal cardiovascular health, with ≈ 1 in 5 adults within 
each of these categories. There is also significant 
racial/ethnic variation in achieving ideal cardiovascu-
lar health, with blacks and Mexican Americans meet-
ing fewer metrics at ideal levels compared with whites 
or other races. Approximately 6 in 10 white adults 
achieved three or fewer metrics at ideal levels, as com-
pared with 7 in 10 black or Mexican American adults.

The AHA as set an ambitious national goal to 
achieve by the year 2020: to improve the cardiovascular 
health of all Americans by 20%, while reducing deaths 
from CVD and stroke by 20% (3). To try to achieve 
this, an initiative focuses on three major strategies (3):

1. In addition to optimizing the treatment of estab-
lished CVD, an expanded focus on CVD prevention 
and promotion of the model of positive “cardiovascu-
lar health”

discharges of 1,008,000 and 1,023,000, respectively. 
Unfortunately, heart failure remains the leading cause 
of hospitalization in Medicare beneficiaries.

Arrhythmias
 n Atrial fibrillation is the most common clinically rel-

evant arrhythmia in adults, with an estimated 2.7 to 
6 million Americans affected in 2010 and projected 
5.6 to 12 million by 2030. Atrial fibrillation indepen-
dently increases the risk of ischemic stroke by four- 
to fivefold. Atrial fibrillation was listed as a cause of 
death in ≈ 15% of deaths in the United States in 2010.

 n Sinus node dysfunction has a prevalence of ≈ 400–670 
per million in the United States, affects 1 in 600 cardiac 
patients older than 65 years old, and is the responsible 
for half of the pacemaker implantations in the United 
States. Approximately 60% of patients develop symp-
toms and ≈ 25% will develop syncope within 4 years 
if untreated, and ≈ 50% will develop tachy–brady syn-
drome during their lifetime.

 n Wolf–Parkinson–White syndrome (with ventricular 
pre-excitation or tachyarrhythmias) may affect ≈ 1 in 
1,000 adults and ≈ 2 in 1,000 adolescents, and is asso-
ciated with both atrial fibrillation and risk of sudden 
cardiac death. The average annual risk of sudden car-
diac death in persons with Wolf–Parkinson–White syn-
drome is estimated to be ≈ 1 per 1,000.

Valvular Disease
 n The prevalence of valvular heart disease in the United 

States has been increasing over time—primarily driven 
by the aging of the population and more widespread use of 
echocardiography and other cardiovascular imaging— 
and affects ≈ 1 in 40 U.S. adults, with the most common 
disorders being mitral regurgitation, aortic stenosis, and 
aortic regurgitation in that order.

 n The 5-year risk of death is higher in those with any 
valvular disease (≈ 20%) compared with those who do 
not have known valvular disease (7%).

 n Rheumatic fever/heart disease is uncommon in the 
United States compared with other parts of the world. 
Temporal trends suggest improving mortality in those 
with rheumatic fever/heart disease, with a death rate 
of ≈ 1 per 100,000 in 2009 but higher in whites com-
pared with other racial/ethnic groups.

Congenital Heart Disease
 n Congenital heart defects are thought to affect 

between 650,000 and 1.3 million Americans currently, 
with the most common defects in adults being atrial 
septal defects and tetralogy of Fallot.

 n There are more adults than children living with con-
genital heart defects in the United States, given the 
declining rate of death in affected children over time. 
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Table 1.1 definitions of Poor, intermediate, and ideal Cardiovascular Health Based on AHA Metrics

level of Cardiovascular Health for each Metric

Poor intermediate ideal

Current smoking

 Adults ≥ 20 y of age yes former ≥ 12 mo Never or quit > 12 mo

 Children 12–19 y of age tried during the 
prior 30 d

… Never tried; never 
smoked whole cigarette

BMi*

 Adults ≥ 20 y of age ≥ 30 kg/m2 25–29.9 kg/m2 < 25 kg/m2

 Children 2–19 y of age > 95th percentile 85th–95th percentile < 85th percentile

PA

 Adults ≥ 20 y of age None 1–149 min/wk moderate 
or 1–74 min/wk vigorous 
or 1–149 min/wk moder-
ate + 2×vigorous

≥ 150 min/wk moderate 
or ≥ 75 min/wk vigorous 
or ≥ 150 min/wk moder-
ate + 2×vigorous

 Children 12–19 y of age None > 0 and < 60 min of moder-
ate or vigorous every day

≥ 60 min of moderate or 
vigorous every day

Healthy diet pattern, No. of 
components†

 Adults ≥ 20 y of age 0–1 2–3 4–5

 Children 5–19 y of age 0–1 2–3 4–5

total cholesterol, mg/dL

 Adults ≥ 20 y of age ≥ 240 200–239 or treated to 
goal

< 200

 Children 6–19 y of age ≥ 200 170–199 < 170

Blood pressure

 Adults ≥ 20 y of age SBP ≥ 140 mmHg 
or dBP ≥ 90 mmHg

SBP 120–139 mmHg or 
dBP 80–89 mmHg or 
treated to goal

< 120 mmHg/< 80 mmHg

 Children 8–19 y of age > 95th percentile 90th–95th percentile or 
SBP ≥ 120 mmHg or dBP 
≥ 80 mm hg

< 90th percentile

fasting plasma glucose, mg/dL

 Adults ≥ 20 y of age ≥ 126 100–125 or treated to 
goal

< 100

 Children 12–19 y of age ≥ 126 100–125 < 100

Abbreviations: AHA indicates American Heart Association; BMi, body mass index; dBP, diastolic blood pressure; ellipses (…), 
data not available; PA, physical activity; and SBP, systolic blood pressure.
*represents appropriate energy balance, that is, appropriate dietary quantity and PA to maintain normal body weight.

†in the context of a healthy dietary pattern that is consistent with a dietary Approaches to Stop Hypertension [dASH]–type  
eating pattern, to consume ≥ 4.5 cups/d of fruits and vegetables, ≥ 2 servings/wk of fish, and ≥ 3 servings/d of whole grains, and  
no more than 36 oz/wk of sugar-sweetened beverages and 1500 mg/d of sodium.
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 n Despite significant progress over the past four 
decades, in 2012, among Americans ≥ 18 years of 
age, ≈ 1 in 5 men, and ≈ 1 in 6 of women continued 
to be cigarette smokers. In 2011, ≈ 18% of students 
in grades 9 through 12 reported current cigarette use.

 n In 2009 to 2010, < 1% of American adults met at least 
four of five healthy dietary goals. In  meta-analyses of 
prospective cohort studies, greater consumption of 
refined complex carbohydrates, starches, and sugars, 
as assessed by glycemic index or load, was associated 
with significantly higher risk of diabetes mellitus and 
development of CHD. Compared with the lowest cate-
gory of glycemic load, the highest category of  glycemic 
load is associated with a 40% higher risk of developing 
diabetes mellitus and a 36% higher risk of CHD (5,6).

 n In 2012, only one third of adults reported engaging in 
aerobic leisure-time physical activity. Television watch-
ing is one of the most common sedentary activities 
nationally, and two hours of television per day is associ-
ated with 20% higher risk of developing type 2 diabetes 
mellitus, 15% higher risk of a fatal or nonfatal CVD 

2. Increased efforts to promote both healthy bio-
marker levels (ie, optimal blood lipid, blood pres-
sure, and fasting blood glucose levels) and healthy 
behaviors (healthy dietary pattern, appropriate energy 
intake, adequate physical activity, and not smoking) 
throughout a person’s lifetime
3. Population-level health promotion strategies to 
shift the majority of the public toward greater cardio-
vascular health, in addition to targeting those individ-
uals at greatest CVD risk

Epidemic of Poor Cardiovascular Health Behaviors
 n Adjusted estimated population attributable fractions 

for CVD mortality (ie, the proportion of CVD deaths 
that would be avoided if the adverse risk factor were 
completely removed) are:

 l ≈ 41% for high blood pressure
 l ≈ 14% for cigarette smoking
 l ≈ 13% for a poor diet
 l ≈ 12% for insufficient physical activity
 l ≈ 9% for abnormal blood glucose levels

Figure 1.2 Age-standardized estimates for poor, intermediate, and ideal cardiovascular health based on AHA  
metrics using data from the 2009–2010 National Health and Nutrition examination Survey (NHANeS).
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(87%) were more aware of their hypertension than 
Hispanics (≈ 78%) (12).

Dyslipidemia
 n An estimated 32 million adults ≥ 20 years of age have 

total serum cholesterol levels ≥ 240 mg/dL, represent-
ing a prevalence of ≈ 14% among American adults.

 n An estimated 49 million adults ≥ 20 years of age had 
HDL cholesterol levels < 40 mg/dL in 2010, represent-
ing a prevalence of ≈ 22% among American adults.

 n Data from NHANES found that treatment of high 
LDL cholesterol increased from ≈ 28% of individuals 
during 1999 to 2002 to ≈ 48% during 2005 to 2008 (10).

 n As expected, self-reported use of cholesterol-lowering 
medications increased from ≈ 8% during 1999 to 2000 
to ≈ 14% during 2005 to 2006 (11).

Diabetes Mellitus
 n In 2010, an estimated ≈ 20 million Americans had 

diagnosed diabetes mellitus, representing ≈ 1 in 12 
U.S. adults. An additional 8.2 million had undiagnosed 
diabetes mellitus, and ≈ 38% had prediabetes defined as 
having abnormal fasting glucose levels. Black/African 
Americans, Mexican Americans, Hispanic/Latino indi-
viduals, and other ethnic minorities bear a strikingly 
disproportionate burden of diabetes  mellitus nationally.

 n Unfortunately, the prevalence of diabetes mellitus 
is increasing dramatically over time and occurring in 
parallel with the rising prevalence of overweight and 
obesity nationally.

Chronic Kidney Disease
 n Chronic kidney disease (defined by an estimated 

glomerular filtration rate < 60 ml/min/1.73 m2 or 
proteinuria) affects ≈ 20 million Americans and is an 
important risk factor for CVD events and death even 
after accounting for other known risk factors (13).

 n CVD is the leading cause of death among those with 
chronic kidney disease as well as those with end-stage 
renal disease, although the specific cardiovascular 
cause of death may be more likely to be arrhythmic 
than myocardial infarction, end-stage heart  failure, 
or stroke in those with end-stage renal disease. 
CVD mortality is 5 to 30 times higher in patients on 
chronic dialysis compared with age-sex-race-matched 
persons in the general population (14, 15).

subclinical Atherosclerosis

Coronary Artery Calcification
 n Among a subgroup of Framingham Heart Study 

adult participants, the prevalence of any coronary 
artery calcification was 32% in women and ≈ 53% in 

event, and 13% higher risk of death from any cause: 
these risks increase with longer television watching (4).

 n The estimated prevalence of overweight and obe-
sity in U.S. adults (≥ 20 years of age) is ≈ 155 million, 
representing more than 68% of all American adults 
in 2010. Nearly 35% of U.S. adults are obese (body 
mass index ≥ 30 kg/m2). This current and worsening 
epidemic of overweight and obesity affects men and 
women of all racial/ethnic groups nationally.

 n Obesity (body mass index ≥ 30 kg/m2) is  associated 
with marked excess mortality, but is even more 
strongly associated with excess  morbidity includ-
ing a substantially higher incidence of diabetes mel-
litus, CVD end points (including CHD, stroke, and 
heart failure), and numerous other health conditions, 
including asthma, cancer, end-stage renal disease, 
degenerative joint  disease, and many others.

Prevalence and Control of Cardiovascular 
Risk Factors

Family History
 n Among adults ≥ 20 years of age, ≈ 13% reported 

having a parent or sibling with a myocardial infarc-
tion or angina before the age of 50 years.

 n Having a paternal history of a premature heart attack 
is associated with an approximately twofold higher 
risk of myocardial infarction in men and 70% higher 
risk in women (6,7).

 n Having a family history of premature angina, myo-
cardial infarction or coronary revascularization is 
associated with ≈ 50% higher lifetime risk for both 
CHD (from ≈ 9% to ≈ 14%) and CVD mortality (from 
≈ 14% to ≈ 21%) (8).

High Blood Pressure
 n Estimates from 2007 to 2010 suggested that ≈ 1 in 

3 U.S. adults ≥ 20 years of age had hypertension. This 
translates into a conservative estimate of ≈ 78 million 
U.S. adults with hypertension.

 n Although the prevalence of hypertension is similar 
for men and women, black/African American adults 
have among the highest prevalence of hypertension 
(44%) in the world.

 n Prehypertension (120–129/80–89 mmHg) is even 
more common, affecting more than 1 in 3 U.S. adults 
who do not have any known cardiovascular disease 
based on 1999–2006 NHANES data.

 n Data from 2009–2010 NHANES showed that ≈ 82% 
of adults with hypertension were aware of their con-
dition. Furthermore, three quarters of hypertension 
patients reported they were taking prescribed antihy-
pertensive medications. Non-Hispanic black adults 
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 n Low ABI affects ≈ 4% of all U.S. adults aged 40 years 
or older based on 1999–2004 NHANES data (18) and 
≈ 2% of older men and women without known cardio-
vascular disease (19).

economic Costs of Cardiovascular Disease

 n The total direct and indirect cost of CVD and 
stroke in the United States is enormous and was 
conservatively estimated to be > $315 billion in 
2010. This figure includes both health expenditures 
(ie, direct costs, which include the cost of seeing  
physicians and other professionals and receipt of 
hospital services, prescribed medications, home 
health care, and other medical durables) and lost 
productivity that results from premature mortality 
(ie, indirect costs).

 n The total number of inpatient cardiovascular-related 
operations and procedures increased 28%, from ≈ 5.9 
million in 2000 to ≈ 7.6 million in 2010 (Figure 1.4). 
However, in recent years, there has been a downward 
trend in the rates of cardiac catheterizations, percu-
taneous coronary interventions, and coronary artery 
bypass surgeries (NHLBI computation based on 
NCHS annual data) (Figure 1.4).

men; the prevalence of coronary artery calcification 
was even higher among participants considered at 
intermediate risk for CHD events per the Framingham 
risk score (58% of women and 67% of men) (16).

 n Coronary artery calcification is also associated with 
an increased risk for CHD events. For example, data 
from 6,722 Multi-Ethnic Study of Atherosclerosis 
(MESA) participants (39% white, 27% black, 22% 
Hispanic, and 12% Chinese) followed for a median of 
≈ 4 years showed higher rates of the first CHD event 
with higher coronary artery calcification (Figure 1.3). 
Compared with those who had no coronary artery cal-
cification (score = 0), the adjusted rate of a first CHD 
event was ≈ 4 times higher for a coronary artery calci-
fication score of 1–100 and ≈ 7–10 times higher for a 
coronary artery calcification score of > 100 (17).

Ankle-Brachial index

 n An abnormal (< 0.90 or > 1.30) ankle-brachial index 
(ABI) is used for detecting peripheral artery disease 
and is an independent risk factor for subsequent 
 cardiovascular events and death. Peripheral artery 
 disease also has a major negative impact on a person’s 
functional status and quality of life.

Figure 1.3 Adjusted rate of first CHd event associated with coronary artery calcification score among Multi-ethnic 
Study of Atherosclerosis (MeSA) participants. Major CHd events included myocardial infarction and CHd death; 
any CHd event included major CHd events in addition to definite angina or definite/probable angina after coro-
nary revascularization. Criqui MH, denenberg Jo, ix JH, McClelland rL, Wassel CL, rifkin de, Carr JJ, Budoff MJ, 
Allison MA. Calcium density of coronary artery plaque and risk of incident cardiovascular events. JAMA. 2014 Jan 
15;311(3):271–8. doi: 10.1001/jama.2013.282535. PMid: 24247483
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an estimated ≈ 44% of the U.S. population is pro-
jected to have some form of CVD. Between 2015 and 
2030, total direct medical costs of CVD are projected 

 n The projected future costs of care for high blood 
pressure, CHD, stroke, heart failure, and all other 
CVD are also staggering (Figure 1.5) (20). By 2030, 

Figure 1.4 temporal trends in the inpatient use of cardiovascular-related procedures in the United States between 
1979 and 2010 based on data from the National Hospital discharge Survey, National Center for Health Statistics, and 
the National Heart, Lung, and Blood institute. PCi denotes percutaneous coronary interventions.

0
1979 1980 1985 1990 1995

Year
2000 2005 2010

200

P
ro

ce
d

u
re

s 
in

 T
h

o
u

sa
n

d
s

600

800

1000

1200

1400

400

PacemakersCarotid EndarterectomyPCIBypassCatheterizations
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to increase from $396 billion to $918 billion (esti-
mates in 2012 dollars). Of this projected total CVD-
related costs, ≈ 61% is attributable to hospital costs, 
≈ 16% to medications, ≈ 11% to physician fees, ≈ 7% 
to nursing home care, ≈ 5% to home health care, and 
≈ 1% to other costs. Indirect costs linked to lost pro-
ductivity for all CVD are estimated to increase from 
≈ $180  billion in 2015 to nearly $300 billion in 2030 
(estimates in 2012 dollars), which represents a rela-
tive increase of nearly 60%.

suMMARy

The goal of achieving an ideal cardiovascular health 
profile for all Americans is the step in the right direc-
tion to reducing the burden of clinical CVD now and 
in the future. In this era of rapid changes to health 
care delivery nationally, increasing focus on more 
cost-effective medicine, and the worsening cardio-
metabolic profile of the U.S. population, prevention 
remains the most essential tool in our armamentarium. 
Toward that end, primary care providers are in the best 
position to have the greatest impact on promoting and 
implementing effective methods to optimize primary 
and secondary prevention of CVD nationally.
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Cardiovascular Risk  
Assessment

2Andre R. M. Paixao, MD  
and Jarett D. Berry, MD, MS

In the United States alone cardiovascular disease 
(CVD) is responsible for more than 2,000 deaths each 
day and accounts for one third of all-cause mortal-
ity (1). Furthermore, approximately 90% of coronary 
events occur in individuals without established CVD 
(1). Therefore, the identification of individuals at risk 
for CVD represents an important clinical problem. Over 
the last two decades, this process has evolved from the 
use of individual risk factors to the estimation of global 
cardiovascular risk.

This chapter reviews the context, rationale, 
and current approach to risk prediction as proposed 
by currently available clinical practice guidelines. In 
addition, this chapter also reviews some of the limita-
tions of the current approach to global risk prediction 
and several potential strategies to address them.

RAtionAle foR ContempoRARy CV 
Risk pRediCtion

Relative Risk Versus Absolute 
Cardiovascular Risk

 n Early risk assessment strategies emphasized iso-
lated, individual risk factors and relative risk estimates 
to guide treatment decisions. However, the impact of 
elevated cholesterol is highly dependent upon other 
associated risk factors.

 n Consider the data presented in Figure 2.1, where 
the association between cholesterol levels and 

cardiovascular risk is compared across a range 
of other associated risk factors. For an otherwise 
healthy 50-year-old woman without any associ-
ated CVD risk factors, higher levels of serum cho-
lesterol levels are associated with higher relative 
risks but only trivial differences in absolute CVD 
risk. In contrast, in a 60-year-old male with mul-
tiple risk factors, the absolute CVD risk is substan-
tially higher and differences in serum cholesterol 
are associated with dramatic differences in absolute 
risk for CVD.

 n Although the relative risk of an elevated cholesterol 
level is similar across all risk factor strata, the absolute 
risk differences are not.

treatment Benefit depends on Absolute 
Risk Rather than Relative Risk

The relative risk reduction observed with treatment 
(ie, lipid-lowering therapy) is similar for patients with 
both low absolute risk (ie, primary prevention) and 
high absolute risk (ie, secondary prevention). Con-
sider the examples pictured in Figure 2.2, comparing 
the observed relative risk and absolute risk differences 
associated with both low-risk and high-risk patients. 
Although the effect of lipid-lowering therapy in both 
scenarios is associated with a similar 24% relative 
risk reduction, the absolute risk differences are quite 
 different, with substantially higher absolute risk dif-
ferences in the high risk subgroups.
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Thus, although the relative risk reduction for 
lipid-lowering and blood pressure therapy are consis-
tent across the risk distribution, the observed clinical 
benefit depends almost exclusively on the absolute 
CVD risk. It is for this reason that prevention guide-
lines have emphasized global CVD risk estimation as 
a guide to treatment decisions.

multiple, online Risk prediction tools 
for CVd Are Widely Available

Several CV risk prediction tools are currently avail-
able online (Table 2.1). In general, these tools repre-
sent multivariable regression equations derived from 

prospective cohorts such as the Framingham Heart 
Study. These tools use established CVD risk factors 
such as age, sex, blood pressure, cholesterol levels, 
and smoking in order to estimate the  absolute risk 
for CVD over the next 5 or 10 years. The latest U.S. 
guidelines propose a novel risk assessment tool devel-
oped from several  well-established cohorts (2). These 
Pooled Cohort Equations include the same traditional 
risk factors included in the Framingham risk score 
with the addition of  diabetes and race. The output of 
this calculator is the estimated 10-year risk of athero-
sclerotic CVD (ASCVD) which includes coronary 
heart disease death,  myocardial infarction, and fatal 
and nonfatal stroke. The performance and calibra-
tion of this risk assessment tool in a contemporary 

Figure 2.1 Absolute risk of cardiovascular disease over 5 years as determined by total cholesterol at specified 
 levels of other risk factors (18). reference category is a 50-year-old nonsmoker, nondiabetic female with systolic 
blood pressure of 110 mmHg, HdL of 60 mg/dL. in each of the categories additional risk factors are added consecu-
tively. different color bars represent increasing levels of total cholesterol. 1 mmol/L of HdL = 39 mg/dL. 
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population and in ethnic groups other than blacks and 
whites is still a topic of debate.

CuRRent Guideline 
ReCommendAtions

Current Clinical practice Guidelines 
suggest that the indication and intensity 
of treatment should Be proportional to 
the Absolute Risk for CVd

 n As are previous U.S. guidelines, the most recent 
recommendations are based on the paradigm that the 
intensity of treatment should be proportional to the 
absolute CVD risk (ie, in the next 5 to 10 years) (3).

 n Based on the very consistent observation that statin 
therapy results in a predictable relative risk reduction, 
treatment with this class of medications is indicated 
when the baseline risk is high enough that a net benefit 

can be expected. In other words, moderate- to high-dose 
statins should be initiated when the absolute risk reduc-
tion is expected to surpass the risk of adverse effects.

 n The recommendation for treatment to target LDL 
and non-HDL levels has been abandoned.

 n Treatment with moderate- to high-dose statins is 
indicated in four main groups (Figure 2.3):

 l Clinical ASCVD
 l LDL ≥ 190 mg/dL (≥ 21 years old)
 l Diabetics (40–75 years old)
 l Estimated 10-year risk ≥ 7.5% according to the 

Pooled Cohort Equations (40–75 years old)

The definitions of moderate and high doses of 
the commonly used statins can be found on Table 2.2.

 n Moderate intensity statin therapy is considered rea-
sonable in individuals with estimated 10 year risk 
between 5% to 7.5% (recommendation class IIa, level 
of evidence B). In individuals not otherwise included 
in one of the four statin eligible groups, the following 

Table 2.1 Cardiovascular risk Prediction tools

risk Score region Variables end Points url

Pooled cohort 
equations

U.S. Age, sex, tC, HdL-C, 
SBP, smoking, antihy-
pertensive medica-
tions, dM, and race

CHd death, nonfatal 
Mi, fatal and nonfatal 
stroke

http://my.americanheart 
.org/professional/
Statementsguidelines/
Preventionguidelines/
Prevention-guidelines_
UCM_457698_
SubHomePage.jsp

Framingham – 
aTP iii, 2001

U.S. Age, sex, tC, HdL-C, 
SBP, smoking, and 
antihypertensive 
medications

CHd death and  
nonfatal Mi

http://hp2010.nhlbihin.net/
atpiii/calculator.asp

Framingham –  
global CVD, 
2008

U.S. Age, sex, tC, HdL-C, 
SBP, smoking, antihy-
pertensive medica-
tions, dM, and known 
CHd, PAd, or stroke

Cvd death, all CHd, 
stroke, heart failure, 
and claudication

http://www 
.framinghamheartstudy 
.org/risk/gencardio.html

reynolds 
(men)

U.S. Age, tC, HdL-C, 
SBP, smoking, fHMi, 
HbA1C, and CrP

Cvd death, nonfatal 
Mi, stroke, and coro-
nary revascularization

http://www 
.reynoldsriskscore.org/

reynolds 
(women)

U.S. Age, tC, HdL-C, 
SBP, smoking, fHMi, 
HbA1C, and hsCrP

Cvd death, nonfatal 
Mi, stroke, and coro-
nary revascularization

http://www 
.reynoldsriskscore.org/

SCOre europe Age, sex, tC, HdL-C, 
SBP, and smoking

Cvd death http://www.heartscore 
.org/Pages/welcome.aspx

Abbreviations: AtP = National Cholesterol education Program’s Adult treatment Panel; Cvd = cardiovascular disease; SCore = 
Systematic Coronary risk evaluation; tC = total cholesterol; HdL-C = high density lipoprotein cholesterol; SBP = systolic blood 
pressure; CHd = coronary heart disease; PAd = peripheral arterial disease; fHMi = family history of myocardial infarction; HbA1C 
= hemoglobin A1C; CrP = high sensitivity C-reactive protein; Mi = myocardial infarction.
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Figure 2.3 2013 American College of Cardiology and American Heart Association recommendations on statin 
therapy for the prevention of ASCvd (3). Colors correspond to the class of recommendations: dark gray = class one 
recommendation (should be performed); White on grey = class iia recommendation (reasonable to perform).  
*the Pooled Cohort equations can be used to estimate 10-year ASCvd risk in individuals with and without diabetes.  
‡Primary LdL–C ≥ 160 mg/dL or other evidence of genetic hyperlipidemias, family history of premature ASCvd with onset < 55 years 
of age in a first degree male relative or < 65 years of age in a first degree female  relative, high-sensitivity C-reactive protein  
> 2 mg/L, CAC score ≥ 300 Agatston units or ≥ 75 percentile for age, sex, and ethnicity, ankle-brachial index < 0.9, or elevated lifetime 
risk of ASCvd. ASCvd = atherosclerotic cardiovascular disease; CAC = coronary artery calcium; LdL–C = low-density lipoprotein 
cholesterol.

ASCVD prevention benefit of statin 
therapy may be less clear in other groups

In selected individuals, consider additional factors 
influencing ASCVD risk‡ and potential ASCVD risk 
benefits and adverse effects, drug-drug interactions,

and patient preferences for statin treatment

≥ 7.5% estimated
10-y ASCVD risk
and age 40 – 75 y

Moderate-to-high intensity statinYes

Yes

Yes

Yes

Yes

Yes

Yes

Estimate 10-y ASCVD Risk 
with Pooled Cohort Equations*

No

No

No

No

Estimated 10-y ASCVD risk ≥ 7.5%*
High-intensity statin

Diabetes
Type 1 or 2

Age 40 – 75 y

Clinical
ASCVD

LDL–C ≥ 190
mg/dL

ASCVD Statin Benefit Groups
Heart healthy lifestyle habits are the foundation of ASCVD prevention.

In individuals not receiving cholesterol-lowering drug therapy, recalculate estimated 
10-y ASCVD risk every 4 – 6 y in individuals aged 40 – 75 y without clinical ASCVD or 

diabetes and with LDL–C 70 –189 mg/dL.

Adults age > 21 y and 
a candidate for statin therapy

High
Daily dose lowers 
LDL–C by approx.

≥ 50%

.

Moderate
Daily dose lowers 
LDL–C by approx.

30% to < 50%

Age < 75 y
High-intensity statin

(Moderate-intensity statin if not 
candidate for high-intensity statin)

High-intensity statin
(Moderate-intensity statin if not 

candidate for high-intensity statin)

Age > 75 y       if not candidate for 
high-intensity statin

Moderate-intensity statin

OR

Moderate-intensity statin

Definitions of High- and
Moderate-Intensity Statin Therapy

(see Table 2.2)
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factors may be considered in clinical decision making 
(recommendation class IIb, level of evidence C):

 l LDL ≥ 160 mg/dL or other evidence of genetic 
lipid disorders

 l Family history of premature ASCVD
 l C-reactive protein (CRP) > 2 mg/dL
 l Coronary calcium score (CAC) ≥ 300 Agatston 

units or ≥ 75th age, sex, and race percentile
 l Ankle-brachial index (ABI) < 0.9
 l High lifetime risk

See more on the section on novel cardiovascular risk 
markers.

 n These recommendations should guide a “risk conver-
sation” in which patient preference should be considered. 
One should keep in mind that the net benefit expected 
from statin therapy balances different outcomes (ie, 
death/stoke/heart attack vs. new onset diabetes) and some 
patients at lower risk may still choose to start treatment.

 n The European guidelines recommend the use of the 
Systematic Coronary Risk Evaluation (SCORE) sys-
tem which is very similar to the Framingham model but 
provides risk estimates for fatal CVD (4). By consider-
ing only fatal outcomes, risk estimates and associated 
treatment thresholds are numerically lower (eg, high 
risk = 10  year risk > 5%). Similar to U.S. guidelines, 
the European guidelines emphasize the importance of 
predicted absolute risk. Emphasis is given to statin treat-
ment in patients in the high and very high categories.

novel developments in Global CVd Risk: 
Considering Alternative CVd outcomes

Recent Risk Scores Have Been Developed to 
Estimate Risk for Both Atherosclerotic and 
Nonatherosclerotic Outcomes
Traditionally, interventions were guided by pre-
dicted CHD risk (5). Although recent guidelines have 

adopted the more comprehensive outcome of athero-
sclerotic CVD which incorporates fatal and nonfatal 
stroke, other common CV events such as heart failure 
and atrial fibrillation have not been included.

Additional iterations of the FRS have been devel-
oped to include additional atherosclerotic events (ie, 
stroke) and nonatherosclerotic CVD events (ie, heart 
failure). Estimated risks are larger, reflecting the contri-
bution of heart failure. Although this approach is more 
comprehensive because it provides a more complete pic-
ture of the global risk of CVD, this approach has some 
limitations. In particular, not all of the outcomes included 
in this risk estimator are sensitive to certain interventions 
such as lipid-lowering therapy (ie, heart failure).

novel developments in Global CVd Risk: 
Considering Alternative Risk factors

Additional Risk Markers Are Available and Have 
Been Proposed as a Supplement to Current 
Absolute Risk Prediction Equations.
Although currently available risk prediction equations 
provide reasonable risk estimates, they have some 
shortcomings. Because only a very small propor-
tion of the population is classified as high risk, the 
absolute number of events that occur among low- and 
 intermediate-risk individuals is greater than among 
the high-risk group alone (6). A small single center 
study suggests that only 12% of young patients pre-
senting with a first MI would have been classified as 
high risk based on previous guidelines (7).

Although many novel risk markers have been 
shown to be independently associated with CVD, 
few have been shown to provide clinically relevant 
improvements in risk prediction. In brief, a clinically 
relevant improvement in risk prediction should help 
the clinician more reliably identify the at-risk patient. 

Table 2.2 High-, Moderate-, and Low-intensity Statin therapy

High-intensity Statin Therapy
Daily dose lowers lDl–C by 

approximately ≥ 50%

Moderate-intensity Statin Therapy
Daily dose lowers lDl–C by 

approximately 30% to < 50%
low-intensity Statin Therapy

Daily dose lowers lDl–C by < 30%

Atorvastatin (40†)–80 mg
rosuvastatin 20–40 mg

Atorvastatin 10–20 mg
rosuvastatin 5–10 mg
Simvastatin 20–40 mg
Pravastatin 40–80 mg
Lovastatin 40 mg
fluvastatin XL 80 mg
fluvastatin 40 mg bid
Pitavastatin 2–4 mg

Simvastatin 10 mg
Pravastatin 10–20 mg
Lovastatin 20 mg
fluvastatin 20–40 mg
Pitavastatin 1 mg

† down-titration if unable to tolerate atorvastatin 80 mg.

bid = twice daily; LdL–C = low-density lipoprotein cholesterol.
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most powerful predictors of coronary heart disease 
(CHD). The degree of coronary calcification is propor-
tional to the overall burden of coronary atherosclero-
sis and is therefore a very intuitive risk marker. When 
added to traditional risk factor models, CAC produces 
remarkable improvements in the c-statistic and the 
NRI. When compared to other novel risk markers, CAC 
clearly stands out with greater increments in c-statistics 
and NRI (11). Recent guidelines have given CAC a 
class IIb recommendation in individuals not otherwise 
eligible for statin therapy but in whom the treatment 
decision is still uncertain (2). Although the ability of 
CAC to improve CHD risk prediction has been very 
well demonstrated, the impact of CAC on ASCVD risk 
has not been fully assessed. An online tool to truly inte-
grate CAC scores and traditional risk factors is currently 
under development and should be available soon.

other Risk markers

 n Genetics: Multiple common genetic variants with 
small to modest association with CVD have been 
reported but, so far, all have failed to improve risk 
prediction significantly when added to traditional risk 
factors and family history of MI (FHMI). Therefore, 
their use is not recommended by the American Heart 
Association (12).

 n Family history: Although not included in the 
Framingham Risks Score, family history is included 
in the Reynolds risk score. In recent guidelines, family 
history of premature ASCVD has received the same 
class IIb recommendation given to CRP and CAC.

 n ECG: Commonly found abnormalities associated 
with CVD risk among asymptomatic subjects include 
left ventricular hypertrophy, QRS prolongation, 
ST-segment depression, T-wave inversion, and patho-
logical Q-waves. At least two large cohort studies have 
reported modest improvement in c-statistic and IDI 
when ECG is added to traditional risk factor models 
(13,14). Recent U.S. guidelines made no recommenda-
tions regarding the use of ECG for risk prediction (2).

 n Ankle-Brachial Index (ABI): This office-based test 
requires only a Doppler probe and blood pressure cuff. 
Ratios under 0.9 correlate well with the presence of 
obstructive peripheral artery disease but also predict 
CV risk independently of traditional risk  factors. Few 
studies have formally assessed the addition of ABI to 
Framingham-based models. In one multi ethnic cohort, 
the resulting changes in discrimination and reclassifi-
cation measurements were modest at best (15). Recent 
guidelines have given ABI the same class IIb recom-
mendation given to CRP, CAC, and family history of 
premature ASCVD (2).

In the literature, this improvement in risk prediction is 
quantified in two different metrics:

 n C-statistics or area under the receiver operating char-
acteristics (ROC) curve: The C-statistic varies from 
0.5 to 1.0 and reflects the probability that a novel risk 
marker will classify individuals with an event as higher 
risk compared to individuals without an event. A novel 
marker should produce a statistically significant increase 
in the C-statistic when added to the baseline model.

 n Net reclassification improvement (NRI): The NRI 
reflects the proportion of individuals who are correctly 
reclassified (ie, from “low risk” to “intermediate risk”) 
by the addition of a novel marker to the baseline model.

Commonly, novel risk factors that are associ-
ated with CVD risk have little to no impact on the 
C-statistic or the NRI.

novel serum markers

Although Many Biomarkers Are Associated 
With CVD Risk, Few Have Had Any Clinically 
Meaningful Impact on CVD Risk Estimation
Promising serum markers studied in recent years 
include high sensitivity C-reactive protein (CRP), lipo-
protein-associated phospholipase A2 (Lp-PLA2), lipo-
protein (a), and advanced lipid measures (ie, apoprotein 
A and B, LDL and HDL particle numbers). Although 
almost all of these markers have been shown to be inde-
pendently associated with CVD, their ability to improve 
risk prediction has not been demonstrated and their use 
is, in general, discouraged by current guidelines (2).

 n CRP is a marker of inflammation and has a strong 
independent association with CVD. It has not, however, 
been shown to consistently improve risk prediction 
when added to traditional models (8). Nevertheless, 
recent guidelines gave CRP a class IIb recommendation 
in individuals not otherwise eligible for statin therapy 
but in whom treatment decision is still uncertain (2). 
Of note, CRP has been incorporated into the Reynolds 
Risk Score and was used as an inclusion criterion for 
one of the largest primary prevention statin trials (9,10).

The application of individual serum markers in 
clinical practice is limited by the absence of readily 
available scores or an online calculator that allows its 
integration with traditional risk factors.

novel imaging markers

Coronary Artery Calcium Provides Robust 
Improvements in Risk Prediction

 n Coronary artery calcium (CAC) measured by com-
puted tomography has recently emerged as one of the 
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noVel deVelopments in GloBAl CVd 
Risk: ConsideRinG lonG-teRm oR 
lifetime Risk

Short-term risk prediction models are highly age 
dependent. For example, a 44-year-old man with 
hyperlipidemia and hypertension will be classi-
fied as low short-term risk by most currently used 
models. Although this assessment of his short-term 
risk is likely accurate, based on his risk factor bur-
den, his lifetime risk is actually quite high (> 60% 
in 40 years). Likewise, essentially all women under 
65 years of age will be classified as low risk even 
though their risk factor burden and lifetime risk 
may vary widely. Lifetime or long-term risk can be 
estimated based on a simple algorithm or using a 
30-year risk model as proposed by Pencina et al. 
available at www.framinghamheartstudy.org/risk/
cardiovascular30.html (16,17). A simple lifetime 
risk calculator has also been incorporated into the 
Pooled Cohort Equations.

Recent guidelines now recommend that pre-
dicted lifetime risk may be considered in adults 20 to 
59 years of age who are not at high short-term risk 
(recommendation class IIb, level of evidence C) (2). 
The use of long-term or lifetime risk estimates can be 
particularly useful for risk communication and life-
style counseling. Similarly, European guidelines also 
encourage the consideration of risk-factor–associated 
relative risks when determining the intensity of life-
style intervention in younger individuals. They also 
encourage the use of relative risks as a motivational 
tool, particularly in young patients with a high risk 
factor burden.

ConClusion

Global cardiovascular risk based on traditional risk fac-
tors and calculated with one of the many available equa-
tions should guide clinical decision making. Preventive 
interventions are expected to result in higher absolute 
risk reductions in individuals with higher baseline risk. 
Few novel markers have been shown to improve short-
term risk prediction and may be used in cases where a 
clinical decision is not clear. Although the expected net 
benefit from statin therapy is based on short-term risk, 
atherosclerosis is a lifelong process and predicted life-
time risk can identify unfavorable trajectories that will 
result in high long-term event rates. These concepts 
should be part of a risk conversation that will enable 
each patient to make an informed decision.

Amsterdam_87864_PTR_02_011-018_9_26_14.indd   17 30/09/14   2:18 PM



18 ASPC MANUAL of PreveNtive CArdioLogy

in the MESA (Multi-Ethnic Study of Atherosclerosis). 
J Amer Coll Cardiol. 2010;56:1506–1512.

 16. Lloyd-Jones DM, Leip EP, Larson MG, et al. Prediction of 
lifetime risk for cardiovascular disease by risk factor bur-
den at 50 years of age. Circulation. 2006;113:791–798.

 17. Pencina MJ, D’Agostino RB, Sr., Larson MG, Massaro 
JM, Vasan RS. Predicting the 30-year risk of car-
diovascular disease: The Framingham Heart Study. 
Circulation. 2009;119:3078–3084.

 18. Anderson KM, Odell PM, Wilson PW, Kannel WB. 
Cardiovascular disease risk profiles. Amer Heart J. 
1991;121:293–298.

 19. Jackson R, Lawes CM, Bennett DA, Milne RJ, Rodgers 
A. Treatment with drugs to lower blood pressure and 
blood cholesterol based on an individual’s absolute car-
diovascular risk. Lancet. 2005;365:434–441.

cardiovascular risk assessment in intermediate-risk indi-
viduals. JAMA. 2012;308:788–795.

 12. Bloss CS, Schork NJ, Topol EJ. Effect of direct-to- 
consumer genomewide profiling to assess disease risk. 
NE J Med. 2011;364:524–534.

 13. Denes P, Larson JC, Lloyd-Jones DM, Prineas RJ, 
Greenland P. Major and minor ECG abnormalities in 
asymptomatic women and risk of cardiovascular events 
and mortality. JAMA. 2007;297:978–985.

 14. Gorodeski EZ, Ishwaran H, Blackstone EH, Lauer 
MS. Quantitative electrocardiographic measures and 
long-term mortality in exercise test patients with clini-
cally normal resting electrocardiograms. Amer Heart J. 
2009;158:61–70 e1.

 15. Criqui MH, McClelland RL, McDermott MM, et al. The 
ankle-brachial index and incident cardiovascular events 

Amsterdam_87864_PTR_02_011-018_9_26_14.indd   18 30/09/14   2:18 PM



The New American Prevention 
Guidelines: Aligning the Guidelines 
for Atherosclerotic Cardiovascular 
Risk Reduction With the Evidence

3

After more than four years of detailed preparation, 
new clinical guidelines were released by the American 
College of Cardiology/American Heart Association 
(ACC/AHA) on November 12, 2013. They covered 
Treatment of Blood Cholesterol to Reduce Athero-
sclerotic Cardiovascular Risk in Adults (1), Lifestyle 
Management to Reduce Cardiovascular Risk (2), and 
Assessment of Cardiovascular Risk (3). A full discus-
sion of obesity and overweight management covered 
in a fourth clinical guideline is beyond the scope of 
this chapter so the interested reader is referred to this 
important document (4).

A NEW APPRoACh

These guidelines updated previous guidelines but 
were different in several ways. First, the workflow 
was different. Adult Treatment Panel III (ATP III) 
(5,6) discussed lifestyle management and cardio-
vascular risk assessment as well as a comprehensive 
approach to lipid management. The new Cholesterol 
guideline included components from the risk assess-
ment working group and the lifestyle working group. 
The Obesity and Overweight guideline was a stand-
alone guideline that was a welcome update to the older 
 Obesity Panel Report published 15 years earlier (7).

Second, the evidence-based process was differ-
ent. The cholesterol panel, like ATP III, was a diverse 
panel representing expertise that included primary care, 
cardiovascular disease, endocrinology and diabetes, 

nutrition, biostatistics and  epidemiology, clinical tri-
als, and medical economics. The new  guidelines took 
several additional steps to reduce bias of all types. The 
majority of the cholesterol panel disclosed no conflicts 
of interest during the more than 4 years of deliberations. 
Only those with no conflicts could vote on the evidence 
statements and recommendations of the report.

Inasmuch as the cholesterol panel’s focus was 
defined as treatment of blood cholesterol to reduce 
atherosclerotic cardiovascular disease (ASCVD) risk, 
randomized clinical trials (RCTs) and systematic 
reviews of RCTs evaluated for quality by an indepen-
dent contractor chosen by the NHLBI were used to 
form the guideline’s evidence statements and recom-
mendations. The panels and working groups selected 
critical questions (CQs) that were answered by a strict 
rule-based process. The panel employed the use of 
expert methodologists chosen by the NHLBI to be 
sure the evidence statements and recommendations 
were supported by the evidence as closely as possible.

Due to the decision by the NHLBI to limit their 
focus to evidentiary reviews for these guidelines (8), 
adjudication and implementation were accomplished 
with the skillful assistance of the ACC/AHA guideline 
staff (9). The guideline panels in their entirety agreed 
to continue the process resulting in the ACC/AHA 
guideline reports. This transfer allowed, however, the 
panels to include in their review more recent data up 
until July 2013. The reports underwent extensive inter-
nal and external reviews first by the NHLBI and then 
by the ACC/AHA. This period of “expert”  comment 

Neil J. Stone, MD, MACP, FACC, FAHA
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risks or safety considerations. This allows for overall 
or net benefit to be determined.

The guidelines highlight patient groups that espe-
cially benefit from lifestyle and statin treatment. In the 
first three groups, statins are already extensively used. 
These include those who require secondary prevention 
of ASCVD, those with diabetes ages 40–75 years with 
LDL-C 70 to 189 mg/dL, and those with primary LDL-C 
elevations 190 mg/dL or greater. The latter include most 
of those with genetic hypercholesterolemia. In these 
groups at high ASCVD risk, what is new is guidance on 
the optimal statin intensity if this can be safely achieved. 
Younger individuals with primary elevations of LDL-C 
≥ 160 mg/dL or who have a family history of prema-
ture ASCVD who do not appear to qualify for statin 
treatment based on a risk calculation, may be included 
in the treatment algorithm as per clinician judgment 
as discussed later in this chapter. In those over age 75 
who require statins for secondary prevention, the guide-
lines suggest that a moderate intensity, rather than high 
intensity, be considered initially. Finally, the cholesterol 
guideline makes no recommendation for statin initiation 
in those with heart failure and those with chronic kidney 
disease on hemodialysis, finding no RCT  evidence that 
established benefit in these groups.

The importance of personalizing the statin 
 prescription in primary prevention is emphasized in the 
cholesterol guideline. The fourth statin  benefit group 
is defined as those with 7.5% or greater ASCVD risk. 
However, the guideline report indicates that a statin 
prescription is given only after a  clinician–patient 
 discussion as noted in Figure 4 of the  cholesterol 
guideline report (modified as Figure 3.1 for this 
 chapter) occurs. This discussion is deemed crucial 
because it initiates the risk modification process.

Many physicians will wish to enter risk  factor 
data into the ASCVD risk calculator (see Figure  3.2) 
with the patient. This focuses attention on the impor-
tance of the patient’s own risk factors. This can  facilitate 
understanding and attention to treatable  factors such 
as blood pressure control, tobacco cessation, or blood 
sugar control, if required. The ASCVD risk calcula-
tor doesn’t write statin prescriptions. The actual level 
of ASCVD risk found must be put into context of the 
individual’s personal characteristics that affect both 
the potential for benefit of statin therapy as well as the 
potential for safety issues including drug–drug interac-
tions. A vital aspect of this recommendation is the inclu-
sion of patient preferences. The guideline recognizes the 
importance of shared  decision making with the  clinician 
helping the patient prioritize and understand the treat-
ment choices. This was shown in the flow diagram for 
primary prevention (see Figure 3.1) that is adapted from 
Figure 4 of the Cholesterol Guideline report.

and review lasted more than one year. Interestingly, 
the Institute of Medicine Report on Clinical Guide-
lines (10) proposed a structure for clinical guideline 
reports that had many similarities to the process that 
was undertaken to create these guidelines.

MAjoR ThEMEs

The results of this rigorous evidentiary process led to 
a report that differed in several important ways from 
prior guidelines.

1. The panel could not find evidence to support either 
an LDL-C or non-HDL-C goal from their evidence 
review. This should not have come as a complete 
 surprise. It was pointed out years ago that most RCTs 
of lipid drugs employed essentially fixed-dose combi-
nations of lipid drugs versus placebo (11). Although 
later trials looked at higher intensity versus lower 
intensity cholesterol lowering medications in those at 
high risk of ASCVD, they did not use a clinical design 
that would have supported an evidence based “treat-
ment to target” approach.
2. The focus in the cholesterol guideline was on the 
appropriate intensity of statin therapy because this 
class of cholesterol-lowering medication had several 
important features that distinguished it from other 
cholesterol-lowering medications that were consid-
ered. Statins were found to show consistent ASCVD 
reduction across a wide range of LDL-C values in a 
large number of high-quality RCTs. For those with 
ASCVD, those with diabetes ages 40–75 years, with 
LDL-C 70–189 mg/dL, and those with primary eleva-
tions of LDL-C ≥ 190 mg/dL, the guidelines recom-
mend a consideration of the appropriate intensity of 
statin to reduce ASCVD in optimal fashion.

In primary prevention, the guidelines urge con-
sideration of statins for those at higher risk who can 
be shown to benefit based on RCT data. Supporting 
this decision are high-quality systematic reviews that 
have shown a mortality benefit for statins in primary 
prevention (12,13). Of the seven statins, five are avail-
able as low-cost generics. This includes statins of 
both moderate and high intensity. Statins are also safe 
when taken as recommended in the RCTs. The cho-
lesterol guideline provides useful information to guide 
the safe use of statins in practice.
3. The new guideline recommends that statins be 
given thoughtfully especially in those at lower ASCVD 
risk. Statins were recommended for those in whom a 
proven clinical benefit was established by RCTs and 
systematic reviews of RCTs. A real strength of RCT-
based evidence is that treatments shown to  benefit can 
have their absolute benefits compared to their absolute 
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It is important that lifestyle and statin therapy 
be viewed as complementary. Both should be evalu-
ated regularly as they were in the RCTs. As in the 
RCTs, adherence is crucial for optimal statin  benefit. 
 Systematic review of RCTs shows that ASCVD 
 reduction with statin therapy is greater in years 2–5 
than they are in year 1, highlighting the importance of 
continued adherence to optimal statin therapy (14). This 
fact should be shared with patients so they understand 
the long-term value of statin therapy if it is initiated.

Appropriately, clinicians and patients are con-
cerned that statins elevate blood sugar and increase the 
risk of type 2 diabetes in individuals at risk for  diabetes. 

4. The focus for follow-up is on adherence to 
 maximally tolerated therapy of proven benefit. This 
can be lifestyle alone or lifestyle and the appropri-
ate intensity of statin therapy. For those who would 
prefer targets, it is important to note the lack of RCT 
 evidence showing that additional therapies provide 
incremental  benefit to optimal lifestyle and statin ther-
apy. For those on optimal therapy with the appropriate 
intensity of statin therapy and adherence to a heart-
healthy lifestyle, it is difficult to support additional 
unproven therapy to attain an arbitrary goal level of 
LDL-C or non-HDL-C that may be slightly lower than 
the patient’s current values.

Figure 3.1 flow diagram for Statin decisions in Primary Prevention. (footnote symbols are explained in page 26.)

Monitor statin therapy

Initiate statin therapy
Re-emphasize healthy lifestyle habits

Clinicians and patients should
engage in a discussion of the
potential for:

1.ASCVD risk reduction benefits§
2.Adverse effects§
3.Drug-drug interactions
4.Patient preferences

In selected individuals,
additional factors may be

considered to inform
treatment decision making‡

Diabetes and age 40–75 y
OR

LDL–C > 190 mg/dL

No diabetes,
age 40–75 y, and

LDL–C 70–189 mg/dL

Estimate 10-y
ASCVD risk† with

Pooled Cohort Equations

> 7.5%
10-y ASCVD

risk

5%–< 7.5%
10-y ASCVD

risk

< 5%
10-y ASCVD

risk

Age < 40 or > 75 y
and LDL–C <190

mg/dL
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Emphasize healthy 
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Figure 3.2 the new ASCvd risk Calculator.
this calculator now includes stroke as an endpoint and African-American status as a risk input. it doesn’t address those of hispanic 
or Asian ancestry whose specific risk characteristics must be taken into account for appropriate risk calibration. for example, it may 
underestimate risk in South Asians and overestimate risk in hispanics. 
Note: See page 24 for web address to download risk estimator. it is newly designed and includes decision support.

Risk Factor Units

M (for males) or F (for females)

years

mg/dL

mg/dL

mm Hg

Y (for yes) or N (for no)

Y (for yes) or N (for no)

Y (for yes) or N (for no)

Value

Enter patient values
in this column

Acceptable range of values

M or F

20–79

130–320

20–100

90–200

Y or N

Y or N

Y or N N

N

N

110

50

170

Optimal values

AA or WHAA (for African Americans) or WH (for whites or others)
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Smoker

Your 10-Year ASCVD Risk (%)

Your Lifetime ASCVD Risk* (%)

10-Year and Lifetime ASCVD Risk
1.0
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0.4

0.3

0.2

Enter M or F for gender

Enter M or F for Gender This calculator only provides
10-year risk estimates for individuals 40 to 79 years of

age Enter WH or AA for race

This calculator only provides 10-year risk estimates for
individuals 40 to 79 years of age Enter M or F Gender
Enter WH or AA for race Enter 130–320 for TC value

Enter 20–100 for HDL value Enter 90–200 for SBP value
Enter Y or N for treatment for hypertension Enter Y or N

for Diabetes Enter Y or N for Smoker

This calculator only provides lifetime risk estimates for
individuals 20 to 59 years of age Enter M or F for Gender
Enter 130–320 for TC value Enter 90–200 for SBP value
Enter Y or N for treatment for Hypertension Enter Y or N

for Diabetes Enter Y or N for Smoker
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Lifetime ASCVD Risk (%) for Someone at Age 50
with Optimal Risk Factor Levels (Shown above in
column E)

10-Year ASCVD Risk (%) for Someone Your Age
with Optimal Risk Factor Levels (shown above in
column E)
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 b. Achieve this pattern by following plans such as 
the DASH dietary pattern, the USDA Food Pattern, or 
the AHA Diet.

2.  Engage in 2 hours and 30 minutes a week of 
 moderate-intensity, or 1 hour and 15 minutes 
(75   minutes) a week of vigorous-intensity, aerobic 
physical activity, or an equivalent combination of mod-
erate- and vigorous-intensity aerobic physical activity. 
Aerobic activity should be performed in episodes of at 
least 10 minutes, preferably spread throughout the week.
U.S. Department of Health and Human Services. 2008 
Physical Activity Guidelines for Americans. Washing-
ton, DC: U.S. Department of Health and Human Ser-
vices, 2008:1–76.

3. Achieve and maintain a healthy weight. Refer to 
the 2013 Obesity Expert Panel Report for recommen-
dations on weight loss and maintenance (4). AHA 
 indicates American Heart Association; DASH, Dietary 
Approaches to Stop Hypertension; and USDA, U.S. 
Department of Agriculture.

Table 3.1 high-, Moderate-, and Low-intensity Statin 
therapy (Used in the rCts reviewed by the expert Panel 
and adapted from table 5 in the Cholesterol guideline 
report)

High-intensity Statin 
Therapy

Moderate-intensity 
Statin Therapy

daily dose lowers LdL–C, 
on average, by approxi-
mately ≥ 50%

daily dose lowers LdL–C, 
on average, by approxi-
mately 30% to < 50%

atorvastatin (40†)–80 mg 
rosuvastatin 20 (40) mg

atorvastatin 10 (20) mg
rosuvastatin (5) 10 mg
Simvastatin 20–40 mg‡
Pravastatin 40 (80) mg
lovastatin 40 mg
Fluvastatin XL 80 mg
Fluvastatin 40 mg bid
Pitavastatin 2–4 mg

Specific statins and doses noted in bold were evaluated in 
rCts analyzed by the panel. All of these rCts demonstrated 
a reduction in major cardiovascular events. Statins and doses 
that are approved by the U.S. fdA but were not tested in 
the rCts reviewed are listed in italics.

*individual responses to statin therapy varied in the rCts 
and should be expected to vary in clinical practice. there 
might be a biologic basis for a less-than-average response.

†evidence from 1 rCt only: down-titration if unable to toler-
ate atorvastatin 80 mg in one rCt

‡Although simvastatin 80 mg was evaluated in rCts, initia-
tion of simvastatin 80 mg or titration to 80 mg is not recom-
mended by the fdA due to the increased risk of myopathy, 
including rhabdomyolysis.

bid indicates twice daily; fdA, food and drug 
Administration; ideAL, incremental decrease through 
Aggressive Lipid Lowering study; LdL-C, low-density lipopro-
tein cholesterol; and rCts, randomized controlled trials.

Despite this potential negative, there are  several impor-
tant reasons to utilize statins in those at risk. First, a 
detailed evidence review of RCTs and systematic 
reviews of RCTs show that ASCVD risk reduction ben-
efit significantly outweighs the excess risk of type 2 
diabetes, especially in the  40- to 75-year-old age range. 
Second, although there is evidence that improved 
adherence to lifestyle recommendations can prevent 
progression to  diabetes (15), lifestyle alone is not ade-
quate for ASCVD risk reduction once type 2 diabetes 
has occurred. Third, those at risk for statin-related new 
diagnosis of diabetes can be predicted by their clinical 
characteristics. Although not a part of the cholesterol 
guideline, clinicians should note that in the JUPITER 
RCT, an increased risk of new onset of diabetes was 
predicted by the presence of 1 or more of diabetes risk 
factors (16). Those who did not have a BMI ≥ 30; FBS 
≥ 100 m/gld; A1c ≥ 6.0%; or  metabolic syndrome were 
unlikely to progress to a clinical diagnosis of diabetes. 
Of note, an optimal lifestyle improves all of the above 
parameters of diabetes risk and must accompany the 
statin prescription.

WhAT You NEEd To KNoW

Attempting to simplify and apply proper emphasis 
is an important task for those who summarize guide-
lines. On the other hand, oversimplification and mis-
placed emphasis can give rise to misinterpretation. To 
minimize the latter, the guidelines should be read in 
full. Because many may not find the time, this chapter 
reproduces a critical subset of the recommendations 
so that an appreciation of what the guidelines actually 
say is obtained.

We begin with a brief summary of the Lifestyle 
recommendations reproduced from Table 17 of the 
Lifestyle Guideline report.

A. hEART hEAlThY NuTRiTioN ANd 
PhYsiCAl ACTiviTY BEhAvioRs

The adult population should be encouraged to practice 
heart healthy lifestyle behaviors including:

1. Consume a dietary pattern that emphasizes intake of 
vegetables, fruits, and whole grains; includes low-fat 
dairy products, poultry, fish, legumes, nontropical veg-
etable oils and nuts; and limits intake of sodium, sweets, 
sugar-sweetened beverages, and red meats.

 a. Adapt this dietary pattern to appropriate calorie 
requirements, personal and cultural food preferences, 
and nutrition therapy for other medical conditions 
(including diabetes mellitus).
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critical question, ES, evidence statement;  HDL–C, 
high-density  lipoprotein cholesterol;  hs-CRP, 
high-sensitivity C-reactive  protein; LOE, Level of 
 Evidence; and NHLBI, National Heart, Lung, and 
Blood Institute.

Comments: The accuracy of the ASCVD risk cal-
culator has engendered much discussion due to a Lan-
cet editorial published shortly after the guidelines were 
electronically published (17). The authors felt that the 
ACC/AHA cholesterol guidelines took  “several major 
steps forward that will simplify and improve care for 
higher risk patients” but took issue with the new risk 
prediction algorithm for primary  prevention. They felt 
the ASCVD risk calculator overestimated risk,  giving 
new data from three existing clinical trial populations. 
They offered their own approach for primary preven-
tion using RCT inclusion criteria.

In a following editorial in response to these 
comments, Lloyd-Jones et al. (18) noted that the 
pooled cohort equations presented by the risk assess-
ment guideline represented “a major step forward for 
risk estimation.” Two important features in the new 
risk calculator were the estimation of stroke as well as 
heart attack in the risk estimates that were now appli-
cable to  African American people. Neither of these was 
possible with the older Framingham “hard CVD” risk 
 calculator recommended by ATP III. This was not a 
trivial improvement.

The new risk calculator estimates global cardiovas-
cular disease risk better in women and African Americans, 
who are more likely to experience stroke before heart 
attack. It is excellent in rank ordering risk, separating the 
high risk from the low risk. Moreover, Lloyd-Jones et al. 
felt that alternative proposed strategies were also prone to 
error and not necessarily easy to apply in clinical practice. 
Finally, they responded to the concern that the ASCVD 
risk calculator greatly overpredicted ASCVD risk. Lloyd-
Jones et al. pointed out that the ASCVD risk calculator 
“was subjected to more intensive validation than any 
other ASCVD risk equations before their publication.”

Using data from the Multi-Ethnic Study of 
 Atherosclerosis (MESA) and Reasons for Geographic 
and Racial Differences in Stroke (REGARDS) cohorts 
from the early 2000s, they acknowledged some 
 overestimation of risk, but this occurred mainly in 
high-risk individuals who had fewer observed events 
than predicted. This could have occurred due to statin 
use in these high-risk individuals, some of whom had 
calcium scores reported to them as part of the study 
protocol. The editorial also pointed out that an overes-
timation in those at highest risk is least likely to cause 
inappropriate statin prescriptions. Moreover, the cho-
lesterol panel chose 7.5% as the level of risk to trigger 
discussion of statin use, even though RCT evidence 

B. RECoMMENdATioNs fRoM ThE 
RisK AssEssMENT WoRKGRouP WiTh 
ThosE REflECTiNG ExPERT oPiNioN 
hiGhliGhTEd iN ItalIcs

1. The race- and sex-specific Pooled Cohort  Equations* 
to predict 10-year risk for a first hard ASCVD event 
should be used in non-Hispanic African  Americans and 
non-Hispanic whites, 40 to 79 years of age.
2. Use of the sex-specific Pooled Cohort Equations 
for non-Hispanic whites may be considered when esti-
mating risk in patients from populations other than 
African Americans and non-Hispanic whites.
3. If after quantitative risk assessment, a risk-based 
treatment decision is uncertain, assessment of one or 
more of the following—family history, hsCRP, CAC 
score, or ABI—may be considered to inform treat-
ment decision making.
4. The contribution to risk assessment for a first 
ASCVD event using ApoB, CKD, albuminuria, or 
cardiorespiratory fitness is uncertain at present. –No 
recommendation for or against.
5. CIMT is not recommended for routine measure-
ment in clinical practice for risk assessment for a first 
ASCVD event. –No recommendation for or against.
6. It is reasonable to assess traditional ASCVD risk 
factors‡ every 4 to 6 years in adults 20 to 79 years 
of age who are free from ASCVD and to estimate 
10-year ASCVD risk every 4 to 6 years in adults 40 to 
79 years of age without ASCVD.
7. Assessing 30-year or lifetime ASCVD risk based 
on traditional risk factors‡ may be considered in 
adults 20 to 59 years of age without ASCVD and who 
are not at high short-term risk.

A downloadable spreadsheet enabling estimation of 
10-year and lifetime risk for ASCVD and a web-based 
calculator are available at http://my.americanheart 
.org/cvriskcalculator and http://www.cardiosource.org/ 
science-and-quality/practice-guidelines-and-quality-
standards/2013-prevention-guideline-tools.aspx.
*Derived from the ARIC study (8), CHS (5),  CARDIA 
study (23), Framingham original and offspring cohorts 
(4,6). †Based on new evidence reviewed during ACC/
AHA update of evidence. ‡Age, sex, total and HDL–
cholesterol, systolic BP, use of antihypertensive 
 therapy, diabetes, and current smoking.
ABI  indicates ankle-brachial index; ACC, Ameri-
can College of  Cardiology; AHA, American Heart 
Association; ApoB, Apolipoprotein B; ASCVD, 
atherosclerotic cardiovascular disease; BP, blood 
pressure; CAC, coronary artery calcium; CKD, 
chronic kidney disease; CIMT, carotid intima-media 
 thickness; COR, Class of Recommendation; CQ, 
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6. For individuals ≥ 21 years of age with an 
untreated primary LDL-C ≥ 190 mg/dL, it is reason-
able to intensify statin therapy to achieve at least a 
50% LDL-C reduction.
7. For individuals ≥ 21 years of age with an 
untreated primary LDL-C ≥ 190 mg/dL, after the max-
imum intensity of statin therapy has been achieved, 
addition of a nonstatin drug may be considered to fur-
ther lower LDL-C. Evaluate the potential for ASCVD 
risk reduction benefits, adverse effects, drug-drug 
interactions, and consider patient preferences.
8. Moderate-intensity statin therapy should be initi-
ated or continued for adults 40 to 75 years of age with 
diabetes mellitus.
9. High-intensity statin therapy is reasonable for 
adults 40 to 75 years of age with diabetes mellitus 
with a ≥ 7.5% estimated 10-year ASCVD risk|| unless 
contraindicated.
10. In adults with diabetes mellitus, who are < 40 
or > 75 years of age, it is reasonable to evaluate the 
potential for ASCVD benefits and for adverse effects, 
for drug-drug interactions, and to consider patient 
preferences when deciding to initiate, continue, or 
intensify statin therapy.
11. The Pooled Cohort Equations should be used to 
estimate 10-year ASCVD* risk for individuals with 
LDL-C 70 to 189 mg/dL without clinical ASCVD|| to 
guide initiation of statin therapy for the primary pre-
vention of ASCVD.
12. Adults 40 to 75 years of age with LDL-C 70 to 
189 mg/dL, without clinical ASCVD* or diabetes, and 
an estimated 10-year ASCVD|| risk ≥ 7.5% should be 
treated with moderate- to high-intensity statin therapy.
13. It is reasonable to offer treatment with a moder-
ate- intensity statin to adults 40 to 75 years of age, with 
LDL-C 70 to 189 mg/dL, without clinical ASCVD* or 
diabetes, and an estimated 10-year ASCVD|| risk of 
5% to < 7.5%.
14. Before initiating statin therapy for the primary 
prevention of ASCVD in adults with LDL-C 70 to 
189  mg/dL without clinical ASCVD* or diabetes it 
is reasonable for clinicians and patients to engage in 
a discussion that considers the potential for ASCVD 
risk reduction benefits and for adverse effects, for 
drug-drug interactions, and patient preferences for 
treatment.
15. In adults with LDL-C < 190 mg/dL who are not 
otherwise identified in a statin benefit group, or for 
whom after quantitative risk assessment a risk-based 
treatment decision is uncertain, additional factors¶ 
may be considered to inform treatment decision mak-
ing. In these individuals, statin therapy for primary 
prevention may be considered after evaluating the 
potential for ASCVD risk reduction benefits, adverse 

for benefit with statins in primary prevention was seen 
in those with ASCVD risk down to 5%. Thus, if 7.5% 
was chosen and there was some overestimation, the 
patient’s actual risk would still fall in a range shown 
to provide benefit. But the guideline offered an impor-
tant buffer to statin overprescription by specifying a 
clinician-patient discussion as noted in both the text 
and flow diagram (Figure 4 of the report).

Next are the recommendations to reduce 
ASCVD risk with statin therapy, the statin safety 
recommendations, and the recommendations regard-
ing monitoring and follow-up of such therapy. The 
recommendations that relate to nonstatin use are 
given. However, the safety recommendations regard-
ing nonstatin therapy are not included due to space 
limitations, and the interested reader is referred to the 
guideline for this information.

C. GRAdEd RECoMMENdATioNs  
foR sTATiN TREATMENT To REduCE 
AsCvd RisK

(Italics used for Expert Opinion) From Tables 4, 6, 8, 
10 of the Cholesterol Guideline Report

1. High-intensity statin therapy should be  initiated 
or continued as first-line therapy in women and men 
≤ 75 years of age who have clinical ASCVD*, unless 
contraindicated.
2. In individuals with clinical ASCVD* in whom high-
intensity statin therapy would otherwise be used, when 
high-intensity statin therapy is contraindicated† or 
when characteristics predisposing to  statin-associated 
adverse effects are present, moderate-intensity statin 
should be used as the second option if tolerated 
(Table 8 for Safety of Statins, Recommendation 1).
3. In individuals with clinical ASCVD > 75 years 
of age, it is reasonable to evaluate the potential for 
ASCVD risk-reduction benefits and for adverse effects, 
drug-drug interactions and to consider patient prefer-
ences, when initiating a moderate- or high-intensity 
statin. It is reasonable to continue statin  therapy in 
those who are tolerating it.
4. Individuals with LDL-C ≥ 190 mg/dL or triglycer-
ides ≥ 500 mg/dL should be evaluated for secondary 
causes of hyperlipidemia (Table 6).
5. Adults ≥ 21 years of age with primary LDL-C ≥ 190 
mg/dL should be treated with statin therapy  (10-year 
ASCVD risk estimation is not required):

 l Use high-intensity statin therapy unless 
contraindicated.

 l For individuals unable to tolerate high-intensity 
statin therapy, use the maximum tolerated statin 
intensity
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Class of Recommendation; HDL-C, high-density 
lipoprotein cholesterol; LDL-C, low-density lipopro-
tein  cholesterol; LOE, Level of Evidence; NHLBI, 
National Heart, Lung, and Blood Institute; NYHA, 
New York Heart Association; RCTs, randomized con-
trolled trials; TIA, transient ischemic attack; ULN, 
upper limit of normal; and—, not applicable.

sTATiN sAfETY RECoMMENdATioNs

1. To maximize the safety of statins, selection of 
the appropriate statin and dose in men and nonpreg-
nant/non-nursing women should be based on patient 
characteristics, level of ASCVD* risk, and potential 
for adverse effects. Moderate-intensity statin therapy 
should be used in individuals in whom high-intensity 
statin therapy would otherwise be recommended when 
characteristics predisposing them to statin-associated 
adverse effects are present.

2. Characteristics predisposing individuals to statin 
adverse effects include, but are not limited to:

 n Multiple or serious comorbidities, including impaired 
renal or hepatic function.

 n History of previous statin intolerance or muscle 
disorders.

 n Unexplained ALT elevations > 3 times ULN.
 n Patient characteristics or concomitant use of drugs 

affecting statin metabolism.
 n > 75 years of age. 

Additional characteristics that may modify the deci-
sion to use higher statin intensities may include, but 
are not limited to:

 n History of hemorrhagic stroke;
 n Asian ancestry.
 n CK should not be routinely measured in individuals 

receiving statin therapy.
 n Baseline measurement of CK is reasonable for indi-

viduals believed to be at increased risk for adverse 
muscle events based on a personal or family history of 
statin intolerance or muscle disease, clinical presenta-
tion, or concomitant drug therapy that might increase 
the risk for myopathy.

 n During statin therapy, it is reasonable to measure 
CK in individuals with muscle symptoms, including 
pain, tenderness, stiffness, cramping, weakness, or 
generalized fatigue.
3.  a. Baseline measurement of hepatic transaminase 

levels (ALT) should be performed before initiating 
statin therapy.
b. During statin therapy, it is reasonable to  measure 
hepatic function if symptoms suggesting hepatotox-
icity arise (eg, unusual fatigue or weakness, loss 

effects, drug-drug interactions, and discussion of 
patient preferences.
16. The Expert Panel makes no recommendations 
regarding the initiation or discontinuation of statins in 
patients with NYHA class II to IV ischemic systolic 
heart failure or in patients on maintenance hemodialysis.

footnotes to this section (from the 
Cholesterol Guideline Report)

*Clinical ASCVD includes acute coronary syndromes, 
history of MI, stable or unstable angina, coronary 
or other arterial revascularization, stroke, TIA, or 
peripheral arterial disease presumed to be of athero-
sclerotic origin.† Contraindications, warnings, and 
precautions are defined for each statin according to 
the manufacturer’s prescribing information (64–70). 
‡Individuals with secondary causes of hyperlipidemia 
were excluded from RCTs reviewed. Triglycerides 
> 500 mg/dL were an exclusion criterion for almost 
all RCTs. Therefore, ruling out secondary causes is 
necessary to avoid inappropriate statin therapy.
§No RCTs included only individuals with LDL-C 
≥ 190 mg/dL. However, many trials did include indi-
viduals with LDL-C ≥ 190 mg/dL and all of these tri-
als consistently demonstrated a reduction in ASCVD 
events. In addition, the CTT meta-analyses have 
shown that each 39 mg/dL reduction in LDL-C with 
statin therapy reduced ASCVD events by 22%, and 
the relative reductions in ASCVD events were con-
sistent across the range of LDL-C levels. Therefore, 
individuals with primary LDL-C > 190 mg/dL should 
be treated with statin therapy.
||Estimated 10-year or “hard” ASCVD risk includes first 
occurrence of nonfatal MI, CHD death, and nonfatal 
and fatal stroke as used by the Risk Assessment Work 
Group in developing the Pooled Cohort Equations.
¶These factors may include primary LDL-C  
≥ 160 mg/dL or other evidence of genetic hyperlipid-
emias, family history of premature ASCVD with onset 
< 55 years in a first degree male relative or < 65 years 
in a first degree female relative, high sensitivity-C-
reactive protein > 2 mg/L, CAC score ≥ 300 Agatston 
units or ≥ 75 percentile for age, sex, and ethnicity (for 
additional information, see http://www.mesa-nhlbi 
.org/CACReference.aspx), ABI < 0.9, or lifetime risk 
of ASCVD. Additional factors that may aid in indi-
vidual risk assessment may be identified in the future.
ALT indicates alanine transaminase; ACC,  American 
College of Cardiology; AHA, American Heart 
 Association; ASCVD, atherosclerotic cardiovascu-
lar disease; AST, aspartate aminotransferase; CAC, 
coronary artery calcium; CK, creatine kinase; COR, 
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 l Once a low dose of a statin is tolerated, g radually 
increase the dose as tolerated.

 l If, after 2 months without statin treatment, mus-
cle symptoms or elevated CK levels do not resolve 
completely, consider other causes of muscle symp-
toms listed above.

 l If persistent muscle symptoms are determined to 
arise from a condition unrelated to statin therapy, 
or if the predisposing condition has been treated, 
resume statin therapy at the original dose.

 9. For individuals presenting with a confusional state or 
memory impairment while on statin therapy, it may be 
reasonable to evaluate the patient for nonstatin causes, 
such as exposure to other drugs, as well as for systemic 
and neuropsychiatric causes, in addition to the possibil-
ity of adverse effects associated with statin drug therapy.

footnotes to this section (from the 
Cholesterol Guideline Report)

*Based on the presence of clinical ASCVD, diabetes 
mellitus, LDL–C > 190 mg/dL, or level of estimated 
10-year ASCVD risk.
†Individuals with elevated ALT levels (usually > 1.5 
or 2 times ULN) were excluded from RCT participa-
tion. Unexplained ALT > 3 times ULN is a contrain-
dication to statin therapy as listed in manufacturer’s 
prescribing information.
‡Statin use is associated with a very modest excess risk 
of new onset diabetes in RCTs and meta-analyses of 
RCTs (ie, 0.1 excess case per 100 individuals treated 
1 year with moderate-intensity statin therapy and 0.3 
excess cases per 100 individuals treated for 1 year with 
high-intensity statin therapy). The increased risk of new 
onset diabetes appears to be confined to those with risk 
factors for diabetes. These individuals are also at higher 
risk of ASCVD due to these risk factors. Therefore, if a 
statin-treated individual develops diabetes as detected 
by current diabetes screening guidelines, they should 
be counseled to adhere to a heart healthy dietary pat-
tern, engage in physical  activity, achieve and maintain 
a healthy body weight, cease tobacco use, and continue 
statin therapy to reduce their risk of ASCVD events.
ALT indicates alanine transaminase; ACC, American 
College of Cardiology; AST, aspartate aminotransfer-
ase; CK, creatine kinase; AHA, American Heart Asso-
ciation; COR, Class of Recommendation;  LDL - C, 
low-density lipoprotein cholesterol; LOE, Level of 
Evidence; ASCVD, atherosclerotic cardiovascular 
disease; NHLBI, National Heart, Lung, and Blood 
Institute; RCTs, randomized controlled trials; TIA, 
transient ischemic attack; ULN, upper limit of nor-
mal; and —, not applicable.

of appetite, abdominal pain, dark-colored urine or 
yellowing of the skin or sclera).

4. Decreasing the statin dose may be considered 
when  two consecutive values of LDL–C levels are 
< 40 mg/dL.
5. It may be harmful to initiate simvastatin at 80 mg 
daily or increase the dose of simvastatin to 80 mg daily.
6. Individuals receiving statin therapy should be 
evaluated for new-onset diabetes mellitus according to 
the current diabetes screening guidelines. Those who 
develop diabetes mellitus during statin therapy should 
be encouraged to adhere to a heart healthy dietary pat-
tern, engage in physical activity, achieve and maintain 
a healthy body weight, cease tobacco use, and continue 
statin therapy to reduce their risk of ASCVD events.
7. For individuals taking any dose of statins, it is 
reasonable to use caution in individuals > 75 years 
of age, as well as in individuals that are taking con-
comitant medications that alter drug metabolism, tak-
ing  multiple drugs, or taking drugs for conditions that 
require complex medication regimens (eg, those who 
have undergone solid organ transplantation or are 
receiving treatment for HIV). A review of the manufac-
turer’s prescribing information may be useful before 
initiating any cholesterol-lowering drug.
8. It is reasonable to evaluate and treat muscle symp-
toms, including pain, tenderness, stiffness, cramp-
ing, weakness, or fatigue, in statin-treated patients 
according to the following management algorithm:

 n To avoid unnecessary discontinuation of statins, 
obtain a history of prior or current muscle symptoms 
to establish a baseline before initiating statin therapy.

 n If unexplained severe muscle symptoms or fatigue 
develop during statin therapy, promptly discontinue 
the statin and address the possibility of rhabdomyoly-
sis by evaluating CK, creatinine, and a urinalysis for 
myoglobinuria.

 n If mild to moderate muscle symptoms develop 
 during statin therapy:

 l Discontinue the statin until the symptoms can be 
evaluated.

 l Evaluate the patient for other conditions that 
might increase the risk for muscle symptoms (eg, 
hypothyroidism, reduced renal or hepatic func-
tion, rheumatologic disorders such as polymyalgia 
rheumatica, steroid myopathy, vitamin D defi-
ciency, or primary muscle diseases).

 l If muscle symptoms resolve, and if no contraindi-
cation exists, give the patient the original or a lower 
dose of the same statin to establish a causal relation-
ship between the muscle symptoms and statin therapy.

 l If a causal relationship exists, discontinue the 
original statin. Once muscle symptoms resolve, use 
a low dose of a different statin.
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Preference should be given to nonstatin cholesterol-
lowering drugs shown to reduce ASCVD events in 
RCTs.

4. In individuals who are candidates for statin treat-
ment but are completely statin intolerant, it is reason-
able to use nonstatin cholesterol-lowering drugs that 
have been shown to reduce ASCVD events in RCTs 
if the ASCVD risk-reduction benefits outweigh the 
potential for adverse effects. A summary of nonstatin 
safety features are given in Table 9 of the report.

Comment: There has been some confusion about the 
role of nonstatin drugs in the guidelines. The choles-
terol guideline stressed that adherence to lifestyle and 
to statin therapy should be re-emphasized before the 
addition of a nonstatin drug is considered, as there 
was not strong RCT evidence to support their routine 
use. Yet, situations with either a lack of an anticipated 
response or various degrees of statin intolerance may 
prompt a consideration of the addition of a nonstatin 
cholesterol-lowering therapy. The cholesterol guide-
line indicated that in high-risk individuals such as 
those with ASCVD, LDL-C ≥ 190 mg/dL, and those 
with diabetes in the 40 to 75 age range, more intensive 
approaches to ASCVD risk reduction may be sought. 
Consistent with the theme of using “proven” therapy, 
the guideline suggests priority should be given to 
 medications with RCT evidence of overall benefit. 
Thus, preference would go to those drugs that have 
been shown in RCTs to provide ASCVD  risk-reduction 
benefits that outweigh the potential for adverse effects, 
minimize drug-drug interaction, and respect patient 
preferences. Safety issues are different for nonstatins. 
Therefore, the guideline section on nonstatin safety as 
well as prescribers’ packaging information and phar-
macists should be consulted for safe use.

footnotes to this section (from the 
Cholesterol Guideline Report)

*Several RCTs found that low and low-moderate 
intensity statin therapy reduced ASCVD events. In 
addition, the CTT meta-analyses found each 39 mg/dL  
reduction in LDL-C reduces ASCVD risk by 22%. 
Therefore, the Panel considered that submaximal 
statin therapy should be used to reduce ASCVD risk 
in those unable to tolerate moderate- or high-intensity 
statin therapy.
†In those already on a statin, in whom baseline LDL-C 
is unknown, an LDL-C < 100 mg/dL was observed in 
most individuals receiving high-intensity statin therapy.
‡Clinical ASCVD includes acute coronary syn-
dromes, or a history of MI, stable or unstable angina, 

MoNiToRiNG sTATiN ThERAPY

Adherence to medication and lifestyle, therapeutic 
response to statin therapy, and safety should be regu-
larly assessed. This should also include a fasting lipid 
panel performed within 4 to 12 weeks after initiation 
or dose adjustment, and every 3 to 12 months there-
after. Other safety measurements should be measured 
as clinically indicated.

oPTiMiziNG sTATiN ThERAPY

The maximum tolerated intensity of statin should be 
used in individuals for whom a high- or moderate-
intensity statin is recommended, but not tolerated.

iNsuffiCiENT REsPoNsE  
To sTATiN ThERAPY

1. In individuals who have a less-than-anticipated 
therapeutic response or are intolerant of the recom-
mended intensity of statin therapy, the following 
should be performed:

 n Reinforce medication adherence.
 n Reinforce adherence to intensive lifestyle changes.
 n Exclude secondary causes of hyperlipidemia.

2. It is reasonable to use the following as indicators of 
anticipated therapeutic response to the recommended 
intensity of statin therapy. Focus is on the intensity of 
the statin therapy. as an aid to monitoring:

 n High-intensity statin therapy† generally results in an 
average LDL-C reduction of ≥ 50% from the untreated 
baseline;

 n Moderate-intensity statin therapy generally results 
in an average LDL-C reduction of 30 to < 50% from 
the untreated baseline;

 n LDL-C levels and percentage reduction are to be 
used only to assess response to therapy and adherence. 
They are not to be used as performance standards.

3. In individuals at higher ASCVD risk receiving the 
maximum tolerated intensity of statin therapy who 
continue to have a less-than-anticipated therapeutic 
response, addition of a nonstatin  cholesterol-lowering 
drug(s) may be considered if the ASCVD  risk-reduction 
benefits outweigh the potential for adverse effects.
Higher risk individuals include:

 n Individuals with clinical ASCVD‡ < 75 years of age.
 n Individuals with baseline LDL-C ≥ 190 mg/dL.
 n Individuals 40 to 75 years of age with diabetes mellitus.
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these guidelines, referral to a more experienced clini-
cian should be considered.

Finally, some may wonder if they should use 
these guidelines or other prevention guidelines. The 
risk guideline noted that the “2009 ACCF/AHA Perfor-
mance Measures for the Primary Prevention of CVD” 
specifically recommended use of global CVD risk esti-
mation in clinical practice (21). Moreover, prevention 
guidelines in Europe (22) and Canada (23,24) as well as 
the ATP III guidelines (5) concurred in their use of abso-
lute risk assessment for adjudicating the appropriate 
intensity of lifestyle and drug therapy interventions. The 
European guidelines recommend the SCORE  (Systemic 
Coronary Risk Estimation) because it was based on 
large, representative  European cohort data sets.

The 2012 update of the Canadian Cardiovascu-
lar Society guidelines for the diagnosis and treatment 
of dyslipidemia for the prevention of cardiovascular 
diseases in the adult recommended the total cardio-
vascular disease Framingham Risk Score (FRS), 
 modified for a family history of premature  coronary 
disease for risk assessment. Whereas U.S. prevention 
guidelines as noted above have abandoned LDL-C as a 
target of intervention, the European and the  Canadian 
guidelines continue with LDL-C as the primary tar-
get of treatment. The European guidelines consider 
non-HDL-C along with apo B as a secondary target 
in combined hyperlipidemia, diabetes, the metabolic 
syndrome or chronic kidney disease. The Canadian 
guidelines have added non-HDL-C to apo B as an 
alternate target. Note that there seems to be consensus 
of moving toward a strong evidence base for treatment 
recommendations.

CoNClusioNs

The challenge for all the guidelines will be in pro-
moting better adherence to lifestyle change in the 
respective populations. This could reduce major risk 
factors for ASCVD in a substantial way. In those for 
whom lifestyle change is not found to be associated 
with substantial ASCVD risk reduction, these pre-
vention guidelines focusing on the appropriate inten-
sity of statin therapy should have a clear impact on 
ASCVD outcomes. Despite controversies that have 
surfaced with the new U.S. prevention guidelines, the 
evidence-based principles presented should allow for 
a simpler and more effective management of ASCVD 
risk in clinical practice.

Less-publicized features such as the clinician–
patient discussion in asymptomatic primary preven-
tion have the potential to add value to sound clinician 
judgment and informed patient preference in clinical 

coronary or other arterial revascularization, stroke, 
TIA, or peripheral arterial disease presumed to be of 
atherosclerotic origin.

This section focuses on frequently asked ques-
tions about utilizing the guidelines in clinical prac-
tice. Many clinicians note and are concerned about 
the strong influence of age on ASCVD risk. This 
prompts concern over a younger patient with either 
a family history of premature ASCVD or with an 
LDL-C ≥160 mg/dL or even both as can be the case 
in familial hypercholesterolemia (19). That’s why fac-
tors such as family history of premature ASCVD and 
LDL-C ≥160 mg/dL were among a group of factors 
that might prove useful to clinicians. Potentially the 
most important additional ASCVD risk information 
available is a coronary artery calcium (CAC) score 
(20). There is strong ob servational evidence that a 
CAC score allows  clinically useful reclassification 
when added to risk assessment of asymptomatic inter-
mediate-risk patients. Factors such as cost and radia-
tion exposure are important to consider. Other factors 
such as hs-CRP ≥ 2.0 and ankle-brachial index < 0.9 
are  recommended as well. Regardless, whether any of 
the markers are used to guide treatment decisions, the 
guidelines note that these decisions will require both 
sound clinical judgment and shared decision making.

On the other hand, age approximately over 
60 years for men and over 70 years for women poses 
problems where unimpressive risk burdens but for 
age still lead to an estimated 10 year ASCVD risk of 
≥ 7.5%. Although the data suggest risk benefit with 
statin therapy, assessment of the the merits of such 
therapy must be individualized in the mandated clini-
cian–patient discussion. An example is an older patient 
seen with significant muscular issues and a low risk 
factor burden except for age. A joint decision to avoid 
statin therapy acknowledging the patient’s fears of 
potential negative effects on muscular  function is not 
unreasonable in this situation.

It is this author’s belief that the U.S. preven-
tion guidelines can be provide guidance on reasonable 
first steps in ASCVD risk reduction in situations not 
specifically covered. Systematically reviewing bar-
riers and recommending what it takes to have more 
optimal adherence to a heart-healthy lifestyle, under-
taking global ASCVD risk assessment, and applying 
sound clinician judgment as to the appropriateness of 
statin therapy that evaluates benefits as well as nega-
tive aspects and risks including drug-drug interactions 
(especially important for transplant and HIV patients) 
still make sense for groups not specifically mentioned. 
In situations such as complex genetic disorders and/
or situations where significant drug-drug interactions 
may be present and require expertise not provided by 
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decision making. Although there are numerous gaps 
in our knowledge, not the least of which is the opti-
mal ASCVD risk reduction therapy for those with 
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research should begin to fill those gaps. The new 
U.S. prevention guidelines are worth reviewing in 
detail as they can help clinicians approach ASCVD 
risk reduction with in a systematic, evidence-based 
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Management of High 
Blood Pressure

William J. Elliott, MD, PhD

High blood pressure (or “hypertension”) is one of the 
most important (if not the number one) major modifiable 
risk factor for heart disease, stroke, peripheral arterial dis-
ease, chronic kidney disease, end-stage renal disease, and 
vascular dementia in the United States, and is growing 
in importance worldwide (1,2). Because of worldwide 
variations in the prevalence of hypertension, availabil-
ity and acceptability of lifestyle modifications, vastly 
different drug formularies, and widely disparate health 
care delivery systems (and insurance programs to pay 
for them), many different sets of guidelines have been 
promulgated regarding the prevention, diagnosis, and 
management of high blood pressure (3), some of which 
have been recently updated (4–8). This renewed spotlight 
on hypertension is timely, inasmuch as hypertension is 
currently the most common chronic condition for which 
Americans see a health care provider (according to the 
most recent National Ambulatory Care Survey), accounts 
for the most preventable deaths in the United States if 
it could be better controlled (according to the National 
Committee on Quality Assurance), and has recently 
increased in prevalence (presumably due to aging of the 
U.S. population and the growing problem of obesity).

EpidEmiology of HypErtEnsion

Many longitudinal population-based studies across 
the world have shown a clear, continuous, positive, 
and graded relationship between often occasional 

measurements of blood pressure and the risk of stroke, 
coronary heart disease, kidney failure, and cardio-
vascular death, beginning at about 115/75  mmHg.  
In perhaps the best example,  mortality data com-
piled from 61 observational studies involving 
nearly 1 million subjects worldwide,  followed for 
an average of 13.3 years showed that, at every 
age, an increase in blood pressure of 20/10 mmHg 
was associated with a doubling of the risk of car-
diovascular death (9). The importance of systolic 
blood pressure increases in older individuals, both 
because they are at higher absolute risk of adverse 
sequelae of hypertension than younger people and 
because diastolic blood pressure often decreases 
after 55 years of age (presumably due to stiffen-
ing of medium-sized arteries). Hypertension is also 
more of a public health problem in blacks, both 
because of an earlier age of onset, greater severity 
when diagnosed, and possibly a greater sensitivity 
to dietary sodium, which results in large black:white 
disparities in age-adjusted risk of stroke, myocar-
dial infarction, and end-stage renal disease (1). 
Some hypertension treatment guidelines now strat-
ify initial drug therapy, based on race/ethnicity, 
in an attempt to capitalize on small differences in 
average blood pressure response to specific anti-
hypertensive drug therapies (4,7,8), despite the  
fact that adding a second blood pressure–lowering 
drug nearly always equalizes the blood pressure 
response across racial/ethnic groups.

4
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dEfinition and ClassifiCation  
of HypErtEnsion

Most major recent guidelines define hypertension at 
a threshold of ≥ 140/90 mmHg, and suggest interven-
tion (lifestyle modifications and/or drug therapy) for 
individuals whose blood pressure exceeds this level 
(3-6,8). Traditionally in the United States, BP is mea-
sured in triplicate by a trained health care provider in 
the office, after emptying the urinary bladder, after at 
least 5 minutes of quiet rest in the seated position, and 
at least 30 minutes after smoking or consuming a caf-
feinated substance (11). Automated BP monitors (using 
an appropriately sized arm cuff) improve the accuracy 
and reproducibility of BP measurements, but cannot 
substitute for proper technique (including prepara-
tion of the patient). Most guidelines recommend serial 
measurements of BP (typically separated by a week) 
before confirming a diagnosis of hypertension (except 
when BP is very high or target organ damage is already 
present). Similarly, most guidelines now recommend a 
standing BP measurement, especially in older patients 
(11); current U.S. Healthplan Employer Data Infor-
mation Set procedures accept the lowest systolic and 
diastolic BPs (taken in any position, in any sequence) 
as the “BP for that visit.” In a bold departure from past 
recommendations, the panel members appointed to 
JNC 8 (hereinafter “JNC 8”) noted that there was scant 
evidence from high-quality randomized multicenter 
clinical trials involving more than 2,000 subjects that 
could justify a systolic BP threshold of 140 mmHg for 
individuals over age 60 years, because, especially in 
the last millennium, treatment decisions were tradi-
tionally based on diastolic BP alone. Officially, JNC 8 

did not formally address the definition of hypertension 
(7), but some have suggested that, inasmuch as drug 
treatment has not been proven beneficial (in clinical 
trials of people past their 60th birthday) for systolic 
BPs between 140–150 mmHg, older people should 
not be diagnosed with hypertension (and treated with 
drug therapy) until and unless their systolic BP is ≥ 150 
mmHg (7). Interestingly, JNC 8 recommended a sys-
tolic BP treatment threshold of 140 mmHg for people 
younger than 60 years, on basis of “expert opinion” 
(ie, not supported by clinical trial evidence) (7).

Traditionally, the classification of hyperten-
sion in Europe has always been more complex than 
in the United States, as Europeans continue to use 
more grades or stages of hypertension, and consider 
“isolated systolic hypertension” as a separate entity 
(5). The straightforward, 4-category staging system of 
JNC 7 (see top section of Table 4.1) was controversial 
when it was released in 2003, but has been retained 
in at least one recent U.S. guideline (8). Recent meta-
analyses have documented the prognostic importance 
of both “white-coat” and “masked” hypertension. 
These conditions are properly diagnosed by ambula-
tory BP monitoring, which is not routinely reimbursed 
in the United States by the Centers for Medicare and 
Medicaid Services. However, this procedure was 
recommended by the 2011 NICE guidelines for all 
British subjects with elevated in-office BPs, before 
starting treatment for hypertension (4). The most 
recent European guidelines highlight the cost and 
inconvenience of this procedure for large segments 
of the adult population, which would be an economic 
burden for many countries (probably including the 
United States) (5,7,8).

Table 4.1 Classification of Blood Pressure

Term

In-Office Systolic 
blood Pressure 

(mmHg)

In-Office 
Diastolic 

blood Pressure 
(mmHg)

24-Hour 
ambulatory 

blood Pressure 
(average)

“normal” < 120 < 80 —

Prehypertension 120–139 or 80–89 —

stage 1 hypertension 140–159 or 90–99 —

stage 2 hypertension ≥ 160 or ≥ 100 —

“White-coat” hypertension ≥ 140 or ≥ 90 and < 135/85

“Masked” hypertension < 140 and < 90 and ≥ 135/85

Columns heads are adapted from JnC 7 (2). if the systolic and diastolic blood pressures are classified in different stages, the 
higher stage is used. distinct diagnostic criteria for ambulatory blood pressure monitoring for these conditions have not been 
issued by u.s. hypertension guideline committees, but these are taken from other guidelines and are widely used in research.
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initial Evaluation of tHE patiEnt

In addition to a complete history and physical exami-
nation, the initial encounter usually includes an 
evaluation of concomitant cardiovascular risk fac-
tors (obesity—including body-mass index and waist 
circumference, dyslipidemia, diabetes, tobacco use, 
family history, known complications of hyperten-
sion—including stroke, transient ischemic attack, 
coronary heart disease, heart failure, chronic kidney 
disease, peripheral arterial disease, symptoms and/or 
signs suggestive of secondary hypertension), proper 
BP measurement—initially in both arms, directed 
neurological examination, direct ophthalmoscopy 
(although its value is reduced among inexperienced 
observers), urinalysis (both dipstick and microscopy, 
and an early morning urinary albumin/creatinine 
ratio), and fasting blood tests (for electrolytes, fasting 
glucose, serum blood urea nitrogen with creatinine—
and estimated glomerular filtration rate, lipid panel), 
and an electrocardiogram (3–6,8). A complete blood 
count and liver function tests are often obtained at the 
initial visit as a “baseline,” as some antihypertensive 
drugs can affect these parameters.

tHrEsHolds for initiating tHErapy

Most guidelines now agree that individuals with pre-
hypertension (see Table 4.1) should be advised about 
lifestyle modifications (see discussion below and 
Table 4.2) that are likely to reduce blood pressure, 
rather than prescribed antihypertensive drug therapy. 
The threshold BPs for beginning pharmacotherapy for 

hypertension, which are identical to BP targets (dis-
cussed in detail below), were extensively reviewed in 
an “evidence-based fashion” in JNC 8; these and rec-
ommendations from other guideline committees are 
summarized in Table 4.3 (3–8,12,13).

The traditional view, originally based on 
data from life insurance companies in the pre- 
antihypertensive drug therapy era (1890–1940s), was 
that blood pressures ≥ 140/90 mmHg were associated 
with increased mortality. Post hoc analyses of several 
placebo-controlled clinical trials (SHEP, Syst-Eur, 
HYVET; see Legend to Table 4.4 for expansion of 
trial acronyms) have suggested that “early” institu-
tion of therapy (rather than placebo for 1–5 years) had 
significant cardiovascular and/or long-term mortality 
benefits. In none of these trials, however, was 140/90 
mmHg the BP threshold for enrollment, as all three 
trials targeted older patients, with baseline systolic 
BPs in the 160–209 mmHg range. There is growing 
awareness, in all recent guidelines (3–8) that the clini-
cal trials’ evidence base for drug therapy of uncompli-
cated patients with BPs in the 140–159/90–99 mmHg 
range is much less robust than it is for those with 
higher BPs or coexisting cardiovascular risk factors 
or diseases. This was presumably the impetus for JNC 
8 to increase the threshold for initiating drug therapy 
in people with 60 or more birthdays to 150/90 mmHg 
(7). In the last decade, much work has been done with 
home (or self) monitoring of BP (usually resulting in 
readings that are about 5/5 mmHg lower than in-office 
readings), which is not only much less expensive than, 
but also nearly as useful in predicting cardiovascular 
risk as, ambulatory BP monitoring. Several guide-
lines committees and health care financing authorities 

Table 4.2 lifestyle Modifications for lowering Blood Pressure

Modality
lowering of Systolic blood  

Pressure (95% Confidence Interval)

Prevents long-Term 
Cardiovascular events in Clinical 

Trials?

Weight loss 5–20 mmHg (per 10 kg lost) not proven

dietary approaches to stop 
Hypertension eating Plan

8–14 mmHg not proven

dietary sodium restriction 2–8 mmHg shown in follow-up of trials of 
Hypertension Prevention (6)

increased Physical activity 4–9 mmHg not proven, may be confounded by 
weight loss

Moderation of ethanol 
Consumption

2–4 mmHg not proven

Source: adapted from JnC 7 (ref. 2). World Health organization. a global brief on hypertension: silent killer, global public health 
crisis. geneva, switzerland: World Health organization. 2013, pp. 1-40. WHo document number WHo/dCQ/ WHd/2013.2, avail-
able on the internet at: http://www .apps.who.int/iris/bitstream/10665/79059/1/WHo_ dCo_WHd?2013.2_eng.pdf, accessed 07 
Jan 14. 
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currently advocate home (or self) BP monitoring, yet 
U.S. and British health care providers are currently 
not paid for the evaluation of out-of-office BP mea-
surements, but only for the proportion of their patients 
whose in-office BPs are below treatment goals.

lifEstylE modifiCations

The JNC 8 guidelines did not update JNC 7’s recom-
mendations for nonpharmacological therapies that 
lower BP (Table 4.2), especially those related to diet 
and exercise (14). However, the recent ACC/AHA 
Guideline on Lifestyle Management to Reduce Car-
diovascular Risk suggests advising adults who could 
benefit from blood pressure lowering to consume no 
more than 2,400 mg of sodium/day and that a further 
reduction of sodium intake to 1,500 mg/day can result 
in even greater reduction in BP.  It is noted that even 
without achieving these goals, reducing sodium intake 
by at least 1,000 mg/day lowers blood pressure (45). 
Weight loss remains the most effective short-term life-
style modification for lowering BP, but it is difficult for 
many patients to maintain in the long term, even with 
two recently FDA-approved agents for obesity. The 
Dietary Approaches to Stop Hypertension (DASH) 
diet has become the most common download from the 
NHLBI website, and its efficacy in lowering BP has 
been demonstrated in two NHLBI-sponsored feed-
ing trials of 8 weeks’ duration. Several recent studies 

support dietary sodium restriction, which not only 
lowered BP over 5 years, but also was associated with 
a significant reduction in cardiovascular events over 
12–16 years in the Trials of Hypertension Prevention 
(15). The evidence for other nonpharmacological ther-
apies has recently been summarized by an American 
Heart Association Scientific Statement (16).

initial drug tHErapy

In 1997, U.S. hypertension guidelines recognized, for 
the first time, that a “compelling indication” exists when 
a specific type of antihypertensive drug has not only 
lowered BP, but also improved outcomes in patients 
with specific diagnoses (eg, an angiotensin recep-
tor blocker [ARB] in type 2 diabetic nephropathy, an 
angiotensin-converting enzyme  [ACE]-inhibitor in pro-
teinuric nondiabetic renal disease). Table 4.4 contains a 
list of such conditions, several of which have not been 
officially recognized by either the U.S. Food and Drug 
Administration or recent hypertension guidelines.

Recommendations about a free choice of ini-
tial antihypertensive drug (or drug class) vary across 
many current guidelines. Since 2003, ESH/ESC 
guidelines have consistently concluded that effective 
BP  lowering is more important than which agent is 
chosen to begin the process, particularly because most 
patients will require more than a single drug to achieve 
their BP targets (5). This perspective is supported by 

Table 4.3. threshold Blood Pressures for initiating antihypertensive drug therapy, and target Blood Pressures, 
recommended by various guideline Committees

Critical blood Pressure level (mmHg)

Population JNC 8 (7)
aSH/ISH 

(8) aDa (12)
NKF 
(13)

eSH/eSC 
(5)

NICe  
(4)

CHeP 
(6)

age ≥ 80 years* 150/90 150/90 n.a. n.a. 150/90 150/90 150/90

age ≥ 60 years* 150/90 140/90 n.a. n.a. 140–150/90 140/90 140/90

age 18–59 years* 140/90 140/90 n.a. n.a. 140/90 140/90 140/90

diabetics 140/90 140/90 140/80§ n.a. 140/85¶ 140/90 130/80

Chronic Kidney 
disease

140/90 140/90 n.a. 140/90† 140/90 140/90 140/90 

*Presumes no diabetes or chronic kidney disease; §a lower target (eg, < 130/80 mmHg) may be acceptable for some, especially 
younger and healthier patients, if it is well tolerated; ¶diastolic BPs between 80–85 mmHg are safe and well tolerated; †a lower 
target (eg, < 130/80 mmHg) was “suggested” for individuals with more than “normal to moderately increased albuminuria” (albu-
min/creatinine ratios > 30 mg/gm in a morning spot urine sample). 
Abbreviations: n.a. = not applicable. JnC 8 = eighth report of the Joint national Committee on Prevention, detection, 
evaluation, and treatment of High Blood Pressure (7); asH/isH = american society of Hypertension/international society of 
Hypertension (8); ada = american diabetes association (12); nKf = national Kidney foundation (13); esH/esC = european 
society of Hypertension/european society of Cardiology (5); niCe = national institute for Health and Clinical excellence (4); 
CHeP = Canadian Hypertension education Program (6).
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meta-analyses from the Blood Pressure Lowering Tri-
alists’ Collaboration (which prospectively included all 
randomized clinical trials since the mid-1990s) (17) 
and a larger set of meta-analyses (which included 
many trials of antihypertensive agents that enrolled 
subjects with other conditions, e.g., postmyocardial 
infarction) (18). These and other, more recent meta-
analyses have shown very few significant differences 
across antihypertensive drug classes with regard to 
prevention of most cardiovascular endpoints. The 
British NICE guidelines, based on pharmacoeconomic 
analyses specific to their countries, recommend an 
ACE-inhibitor for young, white hypertensive patients, 
but a dihydropyridine calcium antagonist otherwise, 
unless the patient’s risk of heart failure is so great that 
a diuretic would be more appropriate (5). For patients 
with systolic or diastolic hypertension, the 2014 
Canadian guidelines recommended an initial thiazide 
(as Grade A) or a beta-blocker for patients < 60 years 
of age, an ACE-inhibitor in non-black patients, a long-
acting calcium antagonist, or an ARB (all Grade B), 
with consideration of an initial combination if the BP 
is > 20/10 mmHg above the treatment target (6). For 
individuals with isolated systolic hypertension, a thia-
zide or long-acting dihydropyridine calcium antago-
nist (both Grade A) or an angiotensin receptor blocker 
(Grade B) was recommended (6).

Since 1973, U.S. hypertension guidelines have 
consistently favored an initial diuretic for uncompli-
cated hypertension; a beta-blocker lost this position 
in 2003 (3). The largest U.S. clinical trial in hyper-
tension, the Antihypertensive and Lipid-Lowering 
[treatment to prevent] Heart Attack Trial (ALLHAT) 
compared initial therapy with chlorthalidone, lisino-
pril, amlodipine, and doxazosin in high-risk hyper-
tensive patients over 55 years of age, and concluded 
that, “Because of the superiority of thiazide diuretics 
in preventing one or more forms of cardiovascular dis-
ease, and their lower cost, they should be the drugs 
of choice for first-step antihypertensive drug therapy” 
(19). Many subsequent meta-analyses of randomized 
clinical trials have shown better prevention of heart 
failure (a controversial endpoint in ALLHAT) with 
an initial diuretic (20), especially chlorthalidone (21). 
Even if the controversial ALLHAT data are arbitrarily 
excluded (eg, in a “sensitivity analysis”), however, an 
initial thiazide was still significantly more effective 
than other antihypertensive agents in preventing heart 
failure in hypertensive subjects in clinical trials (21).

The treatment algorithm recommended by 
JNC  8 is shown in Figure 4.1 (7); it is remarkably 
similar to the one recently proposed by the Ameri-
can Society of Hypertension/International Society of 
Hypertension (8), and incorporates, for initial therapy, 

the stratification on racial/ethnic grounds that had been 
proposed by older British guidelines: an initial diuretic 
or calcium antagonist is now recommended for black 
patients, whereas an ACE-inhibitor or an ARB are 
additional options for all others. The ACE-inhibitor, 
lisinopril, was associated with significantly less BP 
lowering and higher stroke rates in black patients in 
ALLHAT (19), but ramipril was beneficial in blacks 
with nondiabetic chronic kidney disease (22).

Unfortunately, JNC 8 provided little guidance 
beyond the initial drug choice (see Figure 4.1), presum-
ably because so few trials have been done of  second-line 
therapy. Except for inferring from the order of the rec-
ommended titration strategies, JNC 8 did not explicitly 
favor any option: (1) maximizing the dose of the ini-
tial medication; (2) adding a second medication before 
reaching the maximum dose of the initial  medication; or 
(3) starting with a combination (either as a single pill or 
separate prescriptions). There are now a large number of 
generic single-pill combinations available across nearly 
the entire dose range of many popular BP drugs, which 
have at least additive BP-lowering efficacy; some offer 
a synergism for reducing adverse effects (eg, diuretic + 
renin-angiotensin system blocker on serum potassium; 
dihydropyridine calcium antagonist + renin-angiotensin 
system blocker on pedal edema). The FDA has approved 
more single-pill combinations as initial treatment options 
in the last 5 years than in the prior 3 decades. Single- 
pill antihypertensive combinations have recently been 
touted as one important aspect of a successful systemwide 
strategy to improve BP control (23), and recommended 
for people with Stage 2 hypertension by a Science Advi-
sory from the American Heart Association, American 
College of Cardiology, and Centers for Disease Control 
and Prevention (24). Combining an ACE-inhibitor + an 
ARB, or a direct renin inhibitor + either an ACE-inhibi-
tor or an ARB in diabetics is not recommended, due to a 
significantly increased risk of adverse experiences (espe-
cially hyperkalemia and increased serum creatinine) seen 
in several randomized clinical trials.

goal Blood prEssurE  
for “unCompliCatEd”  
HypErtEnsivE patiEnts

Until 2013, the in-office BP target for uncomplicated 
hypertensive patients has traditionally been < 140/90 
mmHg, but the evidence supporting this is based 
mostly on epidemiological studies and a few post hoc 
analyses of clinical trials. In the last millennium, the 
open-label Hypertension Optimal Treatment (HOT) 
trial randomized 18,790 hypertensive subjects to 
diastolic BP targets of ≥ 80, ≥ 85, or ≥ 90 mmHg, but 
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Begin and Continue Lifestyle Modifications

Goal: < 150 and
< 90  mmHg

ACE-I or ARB, alone or in
combination with another

drug class*

If BP not at goal, use Strategy A. Maximize dose of first medication before adding a second or
Strategy B. Add a second medication before reaching the maximum dose of the first medication or

Strategy C. Start with 2 medication classes separately or as single-pill combination. 

Reinforce medication and lifestyle adherence and:
For Strategies A and B, add and titrate thiazide-type diuretic or ACE-I, or ARB, or CCB

(use medication class not previously selected, and avoid ACE-I + ARB).
For Strategy C, titrate doses of initial medications to maximum.

Reinforce medication and lifestyle adherence and:
Add and titrate thiazide-type diuretic or ACE-I, or ARB, or CCB

(use medication class not previously selected, and avoid ACE-I + ARB)

Reinforce medication and lifestyle adherence and:
Add additional medication class (e.g., β-blocker, aldosterone antagonist, or others)

and/or refer to a hypertension specialist

Continue current
treatment and
monitoring.†

At goal BP?
YesNo

At goal BP?
Yes

No

At goal BP?
Yes

No

At goal BP?
Yes

No

Thiazide-type diuretic,
or CCB, alone or in

combination

Thiazide-type diuretic,
or ACE-I, or ARB, or CCB,

alone or in combination

Black?

No

Yes

Goal: < 140 and
< 90  mmHg   

Age < 60 years?

No

Yes

CKD or Diabetes?

No

Yes

CKD?
Yes

No

FIgure 4.1 2014 Hypertension Management algorithm
Abbreviations: CKd = chronic kidney disease; BP = blood pressure; aCe-i = angiotensin converting-enzyme inhibitor; arB = angio-
tensin receptor blocker; CCB = calcium channel blocker.
*the combination of an aCe-inhibitor + arB is not recommended. 
†if the blood pressure is not maintained at or below goal, re-enter the algorithm, where appropriate, based on the current treatment plan.
Source: adapted from JnC 8 ref. (7). James Pa, oparil s, Carter Bl, et al. 2014 evidence-based guidelines for the management of 
high blood pressure in adults: report from the panel members appointed to the eighth Joint national Committee (JnC 8). JAMA. 
2014;311:507–520. 
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showed no significant difference in stroke, myocar-
dial infarction, or cardiovascular death across the 
three groups (25). Some believe the lack of a sig-
nificant outcome difference could be attributed to the 
fact that the achieved diastolic BPs differed by only 
about 2 (vs. the planned 5) mmHg. A more recent 
Italian open-label clinical trial randomized 1,111 
nondiabetic hypertensive subjects to in-office systolic 
BPs < 140 or < 130 mmHg, and followed them for a 
median of 2 years for development of left ventricular 
hypertrophy by electrocardiography (26). Significant 
differences were seen not only in this (primary) end-
point (82 vs. 55, p < 0.02), but also in the first second-
ary endpoint, composite cardiovascular events (52 vs. 
27, p = 0.003), with those randomized to the lower 
BP target having significantly lower risk. In addition 
to issues with the open-label nature and the prespeci-
fied, yet secondary, outcome of the trial, the average 
achieved BP difference between the two randomized 
groups was only 3.8/1.5 mmHg, much lower than 
planned; these may be some of the reasons this trial 
was not included in the database used by JNC 8.

All current hypertension guidelines agree that a 
diastolic BP target of < 90 mmHg can be recommended 
for uncomplicated hypertensive patients. There is less uni-
formity about the systolic BP target, both for various ages 
and across recent guidelines. All guidelines recommend 
a systolic BP < 150 mmHg for people older than 80 years 
of age (presumably based on HYVET) (27) and < 140 
mmHg for people between 18 and 59 years of age. JNC 
8 broke with tradition in recommending < 150 mmHg 
for fit and otherwise healthy people aged ≥ 60 years, 
although such individuals whose systolic BP is currently 
< 140 mmHg are specifically encouraged to continue to 
maintain their effective treatment and this lower goal (7). 
European guidelines recommend a systolic BP between 
140 to 150 mmHg for people between 60–79 years of 
age whose initial systolic BP is ≥ 160 mmHg (5). Cur-
rent English, Canadian, and ASH/ISH guidelines agree 
on a systolic BP target of < 140 mmHg for all adults in 
the 60 to 79 year age group (4,6,8). One reason for this 
disagreement is the lack of clinical trials directly compar-
ing systolic BP targets in this population, as nearly all 
treatment protocols (including new drug applications to 
the U.S. FDA) targeted diastolic BP until quite recently.

goal Blood prEssurE for 
HypErtEnsivE patiEnts witH otHEr 
HigH-risk Conditions

Recently, guidelines have moved away from a basic 
precept of preventive medicine that dictated higher-risk 
patients should be treated more intensively, usually to 

lower goals of surrogate endpoints. This had been for-
merly accepted for postexposure prophylaxis for human 
immunodeficiency virus and low density-lipoprotein  
(LDL)-cholesterol levels, but now convenience and 
acceptance of only “evidence-based” treatment algo-
rithms have led to revision of both of these strategies 
(28,29). Similarly, prior to 2010, many organizations and 
expert panels had recommended a lower on-treatment 
BP target (typically < 130/80 mmHg) for patients with 
diabetes mellitus, chronic kidney disease, or established 
heart disease. In each of these cases, the clinical trial  
evidence to support the lower target was far from robust, 
leading guideline panels with mandates to recommend 
only “evidence-based” strategies to raise these goals.

For diabetics, two clinical trials supported a 
lower-than-usual BP goal; both were reported in the 
last millennium. The HOT study enrolled 1,501 dia-
betics, and found a significant 51% reduction in 
stroke, myocardial infarction, or cardiovascular death 
in those randomized to a diastolic BP ≥ 80 versus 
≥ 90  mmHg, but the systolic BPs were not reported 
(25). The United Kingdom Prospective Diabetes 
Trial reported significantly fewer complications (of 
all types) in 1148 newly diagnosed diabetics random-
ized to “tight BP control” (defined in the mid-1980s in 
England as ≥ 150/85 mmHg, with an average achieved 
BP of 144/82 mmHg), compared to those random-
ized to “less tight control” (≥ 180/105 mmHg, average 
achieved BP of 154/87 mmHg) (30). A 2005 prospec-
tive meta-analysis from the Blood Pressure Lowering 
Trialists’ Collaboration involving 27 trials (enrolling 
33,395 diabetics and 125,314 nondiabetics) observed 
a significant benefit of a lower BP target for diabetics 
regarding major cardiovascular events (p = .03) and 
cardiovascular death (p = 0.02), but not all-cause mor-
tality (p = 0.06) (31).

More recently, the National Institutes of 
Health–sponsored Action to Control Cardiovascular 
Risk in Diabetes (ACCORD) trial-BP arm random-
ized 4,733 type 2 diabetics to systolic BPs of < 120 or 
< 140  mmHg (32). After 4.7 years, the primary end-
point (a composite of stroke, myocardial infarction, or 
cardiovascular death) was reduced by a nonsignificant 
12% (p = 0.20) in those randomized to the lower BP 
target (achieved: 119 mmHg), compared to the tradi-
tional target (achieved: 134 mmHg). Because of the 
nonsignificant result and a higher risk of hypotension 
and other adverse effects, the authors concluded that 
a lower BP target for diabetics should not be imple-
mented. A 2011 systematic review and meta-analysis 
of 31 trials involving 73,913 diabetics and 295,652 
patient-years of follow-up found a significant 31% 
reduction in stroke risk, but a nonsignificant 13% 
reduction in myocardial infarction risk, among subjects 
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randomized to a lower-than-usual BP target (33). A 
more recent and more focused systematic review and 
meta-analysis included just five randomized trials that 
directly compared BPs of 140–160/85–100 mmHg 
and < 130/80 mmHg (34).The lower BP target was 
associated with a significant 35% reduction in stroke, 
but nonsignificant reductions in myocardial infarction 
(7%) and mortality (24%) (34), essentially confirming 
an earlier report showing significant benefit only in 
stroke, but not major cardiovascular events, heart fail-
ure, or cardiovascular death (35). The 2014 Canadian 
Hypertension Education Program guidelines persist in 
recommending a BP target of < 130/80 mmHg (6), but 
those from Great Britain recommend this target only if 
there is evidence of kidney, eye, or cerebrovascular dis-
ease (4). The 2014 Standards of Medical Care in Diabe-
tes promulgated by the American Diabetes Association 
continued to recommend a BP < 140/80 mmHg, with 
the caveat that a systolic target of < 130 mmHg may be 
appropriate for some (especially younger and healthier) 
diabetics (12). The 2013 ESH/ESC guidelines recom-
mended a BP target of < 140/85 mmHg for diabetics, 
with a footnote that diastolic BPs between 80 and 85 
mmHg are safe and well tolerated (5). Rejecting the 
conclusions of both HOT (as a post hoc analysis of just 
8% of the enrolled population) and UKPDS (because 
the “intensive” target BP was < 150/85 mmHg), JNC 
8 cited the ACCORD-BP conclusions to recommend 
a BP target of < 140/90 mmHg for all diabetics (7), in 
agreement with the ASH/ISH guidelines (8).

The situation is somewhat similar for patients with 
chronic kidney disease (CKD). In 1997, U.S. hyperten-
sion guidelines recommended, for the first time, two 
lower-than-usual BP targets for CKD patients: < 130/85 
mmHg or < 125/75 mmHg, for those without or with > 1 
gm of proteinuria/day, respectively. In 2003, JNC 7 sim-
plified these  targets to < 130/80 mmHg (3), but several 
subsequent  meta-analyses pointed out that the clinical 
trial evidence for this target was sparse. The most recent 
systematic review (36) found only three trials that com-
pared outcomes in CKD patients randomized to a lower 
BP target: a 2005 European trial that randomized 338 
subjects taking a low-dose ACE-inhibitor to either pla-
cebo or a dihydropyridine calcium antagonist (rather 
than two specific BP targets), and two National  Institutes 
of Health-sponsored trials from the last millennium that 
compared outcomes in subjects randomized to a mean 
arterial pressure ≤ 102–107 mmHg (about 140/90 mmHg) 
versus ≤ 92 mmHg (about 125/75 mmHg): Modification 
of Diet in Renal Disease (that oversampled subjects 
with polycystic  kidney disease among its 890 subjects)  
and the African American Study of  Kidney Disease 
and Hypertension (which enrolled 1,094 hypertensive 
but nondiabetic subjects). Meta-analyses of these trials 

did “not prove that a blood pressure target of less than 
130/80 mmHg improves clinical outcomes more than a 
target of less than 140/90 mmHg in adults with CKD,” 
although 7 of 11 subgroup analyses were suggestive of 
a benefit in subjects with proteinuria > 300 mg/d (36). A 
recent nationwide U.S. epidemiological study of 16,129 
 participants with Stage 3 CKD in the Kidney Early Eval-
uation Program also showed no benefit of a BP < 130/80 
mmHg, compared to < 140/90 mmHg in preventing end-
stage renal disease (37). The previously recommended 
lower BP target for patients with nondiabetic CKD has 
been abandoned by British NICE guidelines in 2008, 
ESH guidelines in 2009, ESH/ESC guidelines of 2013 
(5), the 2013 Canadian Hypertension Education Pro-
gram (6), JNC 8 and ASH/ISH guidelines in 2013 (7,8) 
but the Kidney Disease: Improving Global Outcomes 
Work Group has “suggested” a BP target of < 130/80 
mmHg for people with CKD and urinary albumin excre-
tion of ≥ 30 mg/24 hours (or equivalent), while recogniz-
ing that this “suggestion” is not based on randomized 
clinical trials (13,38).

A 2007 Scientific Statement from the American 
Heart Association regarding treatment of hypertension 
in patients with heart disease also recommended lower-
than-usual BP targets (39). The recommendation for 
those with coronary heart disease was based primar-
ily on a post hoc analysis of a single clinical trial that 
used progression of coronary atherosclerosis by intra-
vascular ultrasound as its primary endpoint. The 2014 
update of this document discusses the limits of current 
data, the potential benefits of a lower BP target, con-
cerns about the “J-shaped curve” of achieved diastolic 
BP and all-cause mortality, and many other issues, and 
takes a more moderate and patient-centered position 
about goal BP for patients with heart disease (40).

otHEr issuEs

Essentially all of the other recommendations made 
by JNC 7 have not been revised (or even considered) 
by JNC 8 (7), although the ASH/ISH guidelines are 
much broader (8). Since 2003, however, other reviews 
and position papers have provided useful information 
about measurement of blood pressure (both in and out 
of the medical office setting) (11), resistant hyperten-
sion (41), evaluation for secondary hypertension (see 
Table 4.5 for a list of commonly used screening tests), 
hypertension at the extremes of age (42,43), and hyper-
tension in pregnancy (44). Although the new hyperten-
sion guidelines are a welcome addition, they leave 
many important topics available for further updates 
and revisions to current guidelines’ recommendations.
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Table 4.4 Compelling indications for antihypertensive drugs

Condition Drug Class Prevents
Supportive 

Clinical Trial(s)*

after recent myocardial 
infarction (Mi)

Beta-blocker death or recurrent Mi isis, etc.

Heart failure with dimin-
ished left ventricular 
function

aCe-inhibitor death or 
hospitalization

Consensus, 
save, etc.

Beta-blocker death or 
hospitalization

Merit-Hf, etc.

aldosterone 
antagonist

death rales

angiotensin ii 
receptor blocker

death or 
hospitalization

val-Heft, 
CHarM

diminished left ven-
tricular function after Mi

aCe-inhibitor death or 
hospitalization

save, traCe, 
etc.

aldosterone 
antagonist

death or 
hospitalization

ePHesus

angiotensin ii 
receptor blocker

death or 
hospitalization

valiant

left ventricular hyper-
trophy (strict criteria)

angiotensin ii 
receptor blocker

stroke life

Prior stroke or transient 
ischemic attack

aCe-inhibitor + 
diuretic

recurrent stroke,  
cardiovascular events

Progress

older hypertensive 
persons

diuretic stroke (or death) sHeP (or Hyvet)

Calcium antagonist stroke syst-eur, 
syst-China

High cardiovascular risk 
(and age >55 years)

aCe-inhibitor Cv events HoPe

angiotensin ii 
receptor blocker

Cv events ontarget

type 2 diabetics aCe-inhibitor Cv events MiCro-HoPe

type 1 diabetic 
nephropathy

aCe-inhibitor doubling of serum 
creatinine, dialysis or 
transplant

Captopril 
Cooperative 
study group

type 2 diabetic 
nephropathy

angiotensin ii 
receptor blocker

doubling of serum 
creatinine, end-stage 
renal disease or death

idnt, renaal

aCe-inhibitor albuminuria MiCro-HoPe

Progression of renal 
disease

detail

(continued )
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Table 4.5 screening tests for secondary forms of Hypertension

Diagnosis Preferred Screening Test(s) Other Tests

intrinsic renal disease serum creatinine with egfr ($15), 
urinalysis ($30)

first-morning urine for albumin/creatinine ratio 
($30); 24-hour urine for creatinine clearance, 
protein, sodium, potassium ($40)

renovascular 
hypertension

doppler ultrasound of renal arteries 
($250)

Magnetic resonance angiography ($2900), renal 
angiogram ($8000)

Mineralocorticoid 
excess states

plasma aldosterone/renin ratio 
($125)

24-hour urinary aldosterone during salt loading 
($95); computed tomographic scan with thin 
cuts through the adrenals ($1700)

Pheochromocytoma 24-hour urine for vanillylmandelic 
acid (vMa) and metanephrines 
($175)

Plasma metanephrines ($250), plasma catechol-
amines ($250), t2 weighted magnetic resonance 
imaging ($2750)

sleep apnea Berlin Questionnaire ($2?) formal sleep study ($900)

Cushing’s syndrome 8 a.m. plasma cortisol ($35) dexamethasone suppression test(s) ($120 each)

Hypothyroidism ultrasensitive thyroid-stimulating 
hormone (tsH, $55)

†Costs vary over time and from institution to institution. these estimates are approximate.

Table 4.4 Compelling indications for antihypertensive drugs

Condition Drug Class Prevents
Supportive 

Clinical Trial(s)*

type 2 diabetic
nephropathy (cont.)

angiotensin ii 
receptor blocker

albuminuria irMa-2

nondiabetic chronic 
kidney disease

aCe-inhibitor Progression of 
nephropathy

rein, aiPri, 
aasK

Cv = cardiovascular; isis = international study of infarct survival (Lancet. 1986;2:57-66); Consensus = Cooperative north 
scandinavian enalapril survival study (N Engl J Med. 1987;316:1429-35); save = survival and ventricular enlargement study 
(N Engl J Med. 1992;327:669-77); Merit-Hf = Metoprolol randomized intervention trial in congestive Heart failure (JAMA. 
2000;283:1295-302); rales = randomized aldactone® evaluation study (N Engl J Med. 1999;341:709-17); val-Heft = valsartan 
Heart failure trial (N Engl J Med. 2001;345:1667-75); CHarM = Candesartan in Heart failure: assessment of reduction in 
Morbidity and mortality (Lancet. 2003;362:759-66); traCe = trandolapril Cardiac evaluation (N Engl J Med. 1995;333:1670-6); 
ePHesus = eplerenone Post-myocardial infarction Heart failure efficacy and survival study (N Engl J Med. 2003;348:1309-
21); valiant = valsartan in acute myocardial infarction (N Engl J Med. 2003;349:1893-906; life = losartan intervention for 
endpoint reduction (Lancet. 2002;359:995-1003); Progress = Perindopril protection against recurrent stroke study (Lancet. 
2001;358:1033-41); sHeP = systolic Hypertension in the elderly Program (JAMA. 1991;265:3255-64); Hyvet = Hypertension in 
the very elderly trial (N Engl J Med. 2008;358:1887-98); syst-eur = systolic Hypertension in europe trial (Lancet. 1997;360:757-
64); stoP-2 = swedish trial in old Patients with hypertension #2 (Lancet. 1999;354:1751-6); syst-China = systolic Hypertension in 
China trial (J Hypertens. 1998;16:1823-9); sCoPe = study on Cognition and Prognosis in the elderly (J Hypertens. 2003;21:875-
86); HoPe = Heart outcomes Prevention evaluation (N Engl J Med. 2000;342:145-53); euroPa = european reduction of 
cardiac events with Perindopril in stable coronary artery disease (Lancet, 2003;362:782-8); ontarget = ongoing telmisartan 
alone and in combination with ramipril global endpoint trial (Lancet. 2008;358:1547-59); MiCro-HoPe = Microalbuminuria, 
Cardiovascular and renal outcomes substudy of the Heart outcomes Prevention evaluation (Lancet. 2000;355:253-9); life 
diabetes substudy (Lancet. 2002;359:1004-10); asCot = anglo-scandinavian Cardiac outcomes trial (Lancet. 2005;366:895-906);  
aCtion = a Coronary disease trial investigating outcome with nifedipine gits (J Hypertens 2005;23:641-8); CCsg = 
Captopril Cooperative study group (N Engl J Med. 1993; 323:1456-62); idnt = irbesartan diabetic nephropathy trial (N Engl 
J Med. 2001;345:841-60); renaal = reduction of endpoints in non-insulin dependent diabetes Mellitus with the angiotensin 
ii antagonist losartan (N Engl J Med. 2001;345:861-9); detail = diabetics exposed to telmisartan and enalapril (N Engl 
J Med. 2004;351:1952-61); irMa-2 = irbesartan Microalbuminuria study #2 (N Engl J Med. 2001;345:870-8); Marval = 
Microalbuminuria reduction with valsartan (Circulation. 2002;106:672-8); rein = ramipril evaluation in nephropathy (Lancet. 
1998;352:1252-6); aiPri = angiotensin-converting-enzyme inhibition in Progressive renal insufficiency (Kidney Int. 1997;suppl. 
63:s63-7); aasK = african american study of Kidney disease and hypertension (JAMA. 2002;288:2421-31);.

*note that some of these drugs have not been approved by the u.s. fda for the specific indication listed, and therefore should 
be considered “off-label” uses of these drugs.

(continued )
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Cigarette smoking is the leading preventable 
cause of many chronic diseases. In wealthy coun-
tries, smoking contributes more to the number of 
years of life lost to disability and death than any 
other factor (1). In  low- and middle-income coun-
tries, it is a growing  problem as more individuals 
assume the smoking habit (1). In the United States, 
it is estimated that  smoking directly contributes to 
 433,000 deaths/year from a variety of cardiovas-
cular, lung, and other diseases (2) (Figure 5.1). 
Approximately 20% of American adults  currently 
smoke and, as they die, their places are taken by new 
teenage and young adult smokers (3). Many smok-
ers have quit; however, those who continue the prac-
tice are frequently the most addicted and resistant 
to change.

The health impact of smoking is not  isolated 
to the smokers. Nonsmokers who are exposed to 
 environmental tobacco smoke face increases in 
chronic disease risk (4). The association of smok-
ing and increased mortality and morbidity from 
chronic diseases in smokers and those exposed to 
secondhand smoke has led to widespread calls for 
 prevention of tobacco uptake by teens, cessation 
among adult  smokers, and a regulation of smoking 
in public places. This chapter discusses the scien-
tific evidence relating active and passive tobacco 
smoking to  cardiovascular risks, trends in cigarette 
use, and strategies for  prevention and cessation of 
smoking.

Smoking and  
CardiovaSCular diSeaSe

Over the past six decades, extensive research has linked 
cigarette smoking to major cardiovascular  diseases 
including myocardial infarction, sudden death, stroke, 
and peripheral vascular disease (5,6). Smoking cessation 
has been shown to reduce these disease  outcomes. These 
associations affect all age, gender, and ethnic groups.

In 1962, epidemiologic studies in Framing-
ham, Massachusetts, and Albany, New York, found 
an  association between coronary heart disease and 
 smoking among men (7). These same findings were 
later confirmed among women and those with other 
cardiovascular diseases (7).

Data from the Multiple Risk Factor Interven-
tion Trial (MRFIT) of 316,099 men found a graded 
 relationship between the number of daily cigarettes 
and relative risk of coronary heart disease death. The 
relative risk for 1 to 25 cigarettes per day was 2.1 
and rose to 2.9 for cigarette consumption above 25 
cigarettes per day (8). MRFIT and other studies dem-
onstrated that quitting smoking reduces  incident car-
diovascular disease morbidity and mortality (7,9). The 
interaction of cigarette smoking with other known risk 
factors is well studied. Some suggest that the effect is 
additive, whereas others find a multiplicative effect. 
 Regardless, cigarette smoking adds to an individual’s 
cardiovascular risk with obesity, diabetes, hyperten-
sion, oral contraceptive use, and electrocardiogram 
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abnormalities (10–12). For example, when cigarette 
smoking is added to other cardiovascular risk factors, 
the overall risk of cardiovascular disease increases, as 
shown for women in Figure 5.2. Smokers who con-
tinue the habit after acute myocardial infarction have 
significantly higher rates of recurrent events and death 
compared to those who quit (12).

The mechanisms by which smoking affects 
cardiovascular disease both acutely and chroni-
cally are well characterized through laboratory and 
human experiments. Nicotine has many pharmaco-
logic effects including sympathetic stimulation and 
coronary vasoconstriction. Inhaled carbon monoxide 

from burning tobacco decreases oxygen availability 
in the blood. Other gases in smoke lead to increases 
in thrombotic factors including platelet activation. 
Finally, the wide variety of toxic chemicals found in 
cigarette smoke lead to enhanced inflammation, endo-
thelial dysfunction, and a prothrombotic state (13,14).

SeCondhand Smoke

In recent years there has been an increased focus on 
the harmful effects of cigarette smoke on nonsmok-
ing individuals who are exposed by being around 
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smokers. This growing body of information is sum-
marized in the 2006 Surgeon General’s Report, The 
Health  Consequences of Involuntary Exposure to 
Tobacco Smoke (4). These data find that cardiovas-
cular diseases are increased by environmental tobacco 
smoke as are cancer and respiratory diseases. A meta-
analysis of home-based and worksite studies found an 
overall increase risk of cardiovascular diseases associ-
ated with environmental smoke (RR = 1.49, 95% CI, 
1.29–1.72) and suggested relative risk from workplace 
exposure was similar to that of home-based exposure 
(15).

The mechanism by which secondhand smoke 
affects individuals is still debated but there is a grow-
ing body of available information. Mainstream smoke, 
inhaled by the smoker, differs from sidestream smoke 
released directly into the environment (4). Sidestream 
smoke may be more toxic. Nonsmokers who are 
exposed regularly to cigarette smoke develop a number 
of physiologic changes including lower high-density 
lipoprotein cholesterol, increased fibrinogen, and plate-
let abnormalities (4). Exposed nonsmokers also have 
acute effects including endothelial dysfunction and 
lower exercise tolerance. All of these factors are associ-
ated with cardiovascular disease. In addition, there are 
significant pulmonary effects of secondhand smoke.

TrendS in CigareTTe Smoking

Cigarette smoking became widespread in the United 
States following World War II. During this era, ciga-
rette smoking was explicitly encouraged. As part of 
food rations (K-rations) used by the army, each soldier 
received 4 cigarettes for each meal equaling 12 ciga-
rettes per day (7). Women gradually attained equiva-
lency with men in smoking rates. By 1965, smoking 
was a habit of 42.4% of adults (16). Since 1965, the 
prevalence of cigarette smoking has decreased and 
more individuals never acquire the habit resulting 
in a substantial decline in national smoking rates to 
approximately 20% as reported in 2009. In a 2010 sur-
vey of current smokers, 69% responded that they had 
an interest in quitting and 52% attempted to quit over 
the past year whereas only 6% were successful (17).

PrevenTion and reduCTion  
of TobaCCo uSe among YouTh

Smoking begins with experimentation in middle school 
and becomes regular in high school where 23% of stu-
dents report that they have smoked in the last 1 to 2 days 

(3). Smokers become addicted as they grow older and 
more liberated from the constraints of home and school. 
The current group with the highest smoking rate is 
young adults aged 18 to 25. Their smoking rate is 34%, 
and they have become a target of tobacco companies, 
which are limited in their ability to approach those under 
age 18 by regulations and lawsuits (3).

There is a large and substantial literature on the 
reduction of cigarette smoking among youth. Initially 
described in the 1994 Surgeon General’s Report on 
Preventing Tobacco Use Among Young People, new 
research is summarized in the recent 2012 Surgeon 
General’s Report (3). The most effective strategy is the 
utilization of mass media messaging targeted to appeal 
to youth and presented multiple times over media chan-
nels and social venues accessed by this age group (3).

Several regulatory approaches have also been 
effective. The enactment of increased cigarette prices 
has been particularly effective at reducing smoking 
among youth as they are more price sensitive than 
older groups. These have the effect of both preventing 
the onset of cigarette smoking and reducing the num-
ber of cigarettes smoked. Youth, as well as adults, are 
also affected by environmental laws restricting the use 
of tobacco in public places. The limiting of cigarette 
advertising or outright banning of cigarette advertise-
ments in the vicinity of schools has been an important 
adjunct (3). Among junior high youth, school-based 
programs for smoking prevention are also useful as 
they are found to have short-term effects. Some have 
resulted in long-term tobacco avoidance (3). The com-
bination of mass media outreach, regulations restricting 
public smoking, and prevention programs in schools 
have been shown to be effective at reducing cigarette 
smoking among youth as shown by the steadily declin-
ing patterns of cigarette use in this age group (16).

PrevenTion and CeSSaTion 
ProgramS for adulTS

There has been an overall decline in the prevalence of 
cigarette smoking; however, this trend has not trans-
lated to the young adult demographic. Young adults 
between the ages of 18 to 25 are the fastest grow-
ing group of smokers (16). The tobacco industry has 
increasingly focused on this demographic group fol-
lowing a court tobacco settlement that limited their 
access to younger ages. For this group, which has not 
yet started smoking, school-based programs are rare, 
although some universities have made initial attempts 
(3). Health policy and community-based programs 
are likely to have a more important role in preventing 
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smoking among 18- to 25-year-old young adults. Sen-
sitivity to tobacco prices, limitations on sites avail-
able for public smoking, and other environmental 
approaches may be very helpful in reducing the preva-
lence of smoking. For example, over 700 university 
campuses have banned smoking anywhere on campus.

CeSSaTion STraTegieS  
for individualS

behavioral Treatments

Despite the addictive properties of nicotine, behavioral 
approaches to smoking cessation are still critical tools. 
The successful programs, including those utilizing nico-
tine replacement or other medication strategies, are most 
successful when they have behavioral treatment com-
ponents. A number of specific behavioral components 
included aversive smoking, intratreatment social sup-
port, problem solving/skills training, setting a quit date, 
extra-treatment social support, weight control, nutrition, 
exercise, contingency contacts, relaxation techniques, 
and cigarette fading. Many of these individual treat-
ments are not effective when used alone; however, they 
serve in combination with other approaches. These help 
programs include the CDC “I’m Ready to Quit” (http://
www.cdc.gov/tobacco/campaign/tips/quit-smoking/), a 
quitting library of local programs (http://www.quitnet.
com/library/ programs/), and others.

Pharmacologic interventions

There are social cues and triggers to cigarette smoking 
for all smokers, which can be confronted by behavioral 
programs. For the chronic smoker, however, nicotine 
addiction is the common denominator (18). A number 
of pharmacologic products have been recognized as 
effective by the FDA and approved for use. Most of 
the aids involve some form of nicotine replacement: 
nicotine gum, nicotine inhaler, nicotine lozenge, nico-
tine nasal spray, and the nicotine patch. Each of these 
products has advantages and disadvantages, but all 
have the potential to result in a new dependence by 
some smokers.

The nicotine patch is easy to use and needs to 
be applied once each day. However, it does not allow 
flexible dosing once it is placed on the skin and deliv-
ery of nicotine is relatively slow. Nicotine gum allows 
more flexible dosing but can be more difficult to use 
correctly. Many gum users do not adequately dose with 
this medication. Nicotine nasal spray has the advantage 

of flexible dosing in addition to providing faster deliv-
ery of nicotine. For many users, eye and nose irritation 
is a problem as is the frequent usage needed to build 
adequate nicotine levels. A nicotine inhaler allows 
more flexible dosing and mimics the hand-to-mouth 
behavior of smoking. The inhaler also has fewer side 
effects. The nicotine lozenge is convenient and allows 
flexible dosing. Nicotine replacement therapy has been 
found to be effective in randomized trials (19).

Bupropion hydrochloride (trade name: Zyban) 
is approved by the FDA for smoking cessation and 
is available in tablet form. It appears to act on brain 
chemistry to mimic the effects of nicotine among 
smokers although its actions are not fully understood. 
There is evidence to suggest that a combination of a 
nicotine patch and bupropion may be more effective 
than either alone (20). Buproprion has been available 
for many years as an antidepressant, but works well 
in smokers without symptoms of depression. It has all 
the potential side effects of antidepressants including 
suicidality, depression, anxiety, panic attacks, insom-
nia, and irritability, and seizures are a particular prob-
lem with doses above 300 mg/day. Monitoring for 
these symptoms is recommended along with social 
support for cessation.

There are several nicotine receptor partial 
 agonists for smoking cessation. These stimulate 
 nicotine receptors more weakly than nicotine itself 
but help reduce the craving. Only one is approved by 
the FDA in the United States: varenicline (trade name: 
Chantix). It is a pill and is available only through 
prescription. Varenicline should not be used with 
other quit smoking products. Common side effects 
include nausea and insomnia but serious behavioral 
side effects are also observed. Varenicline received a 
black box warning in 2009 because of behavioral side 
effects including agitation, depression, and suicidality 
(22). There is also some early evidence of increased 
cardiovascular disease risk but these observations are 
not yet confirmed (21).

Recent clinical trials tested cytisine and found it 
effective compared to placebo (23). However, cytisine 
has not yet been approved for use in the United States 
as of this review.

Clinical approaches

Clinicians have multiple opportunities to help their 
patients quit smoking. The first is in the hospital 
where smoking cessation is obligatory and there is 
an  opportunity to maintain that behavior after dis-
charge. The individual’s acute illness, such as cardio-
vascular disease, may provide a unique opportunity to 
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  a. Seven first-line medications (5 nicotine and 2 non-nicotine) reliably increase long-term smoking absti-
nence rates:

   i. Bupropion SR
  ii. nicotine gum
 iii. nicotine inhaler
  iv. nicotine lozenge
  v. nicotine nasal spray
 vi. nicotine patch
vii. varenicline

  b. Clinicians also should consider the use of certain combinations of medications identified as effective.

  7. Counseling and medication are effective when used by themselves for treating tobacco dependence. The 
combination of counseling and medication, however, is more effective than either alone. Thus, clinicians should 
encourage all individuals making a quit attempt to use both counseling and medication.

  8. Telephone quitline counseling is effective with diverse populations and has broad reach. Therefore, clinicians 
and health care delivery systems should both ensure patient access to quitlines and promote quitline use.

  9. if a tobacco user currently is unwilling to make a quit attempt, clinicians should use the motivational treat-
ments shown in the guideline to be effective in increasing future quit attempts.

10. Tobacco dependence treatments are both clinically effective and highly cost effective relative to interven-
tions for other clinical disorders. Providing coverage for these treatments increases quit rates. insurers  
and purchasers should ensure that all insurance plans include the counseling and medication identified  
as effective as covered benefits.

Table 5.2 Counseling: Five as

ask: Systematically identify all tobacco users at every visit

advise: Strongly urge all smokers to quit

attempt: identify smokers willing to try to quit

assist: aid the patient in quitting

arrange: Schedule follow-up contact

Table 5.1 Smoking Cessation Clinical guideline Recommendations for adults

1. Tobacco dependence is a chronic disease that often requires repeated intervention and multiple attempts to 
quit. effective treatments exist, however, that can significantly increase rates of long-term abstinence.

2. it is essential that clinicians and health care delivery systems consistently identify and document tobacco use 
status and treat every tobacco user seen in a health care setting.

3. Tobacco dependence treatments are effective across a broad range of populations. Clinicians should encourage 
every patient willing to make a quit attempt to use the counseling treatments and medication recommended.

4. Brief tobacco dependence treatment is effective. Clinicians should offer every patient who uses tobacco at 
least the brief treatments shown to be effective.

5. individual, group, and telephone counseling are effective, and their effectiveness increases with treatment 
intensity. Two components of counseling are especially effective, and clinicians should use these when counsel-
ing patients making a quit attempt:

 a. Practical counseling (problem solving/skills training)
 b. Social support delivered as part of treatment

6. numerous effective medications are available for tobacco dependence, and clinicians should encourage their 
use by all patients attempting to quit smoking, except when medically contraindicated or with a specific popula-
tion for which there is insufficient evidence of effectiveness (ie, pregnant women, smokeless tobacco users, light 
smokers, and adolescents).
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encourage and maintain cessation. A recent Cochrane 
review on interventions for smoking cessation in hos-
pitalized patients made a number of important obser-
vations (24). High-intensity behavioral interventions 
such as individual counseling, self-help materials, and 
group therapy beginning during a hospital stay and 
continuing at least one month after discharge were suc-
cessful in smoking cessation. They found no effect for 
 interventions of lower intensity or shorter duration eg, 
brief advice). It was also observed that the addition of 
 nicotine  replacement therapy significantly increased 
cessation rates over counseling alone. They found no 
data to suggest that the addition of bupropion or vareni-
cline to intensive counseling increased cessation rates 
over what was achieved by counseling alone (24).

Although most smokers are observed to quit 
“on their own,” there are numerous opportunities 
in the outpatient clinical setting to advance smok-
ing cessation. An overall strategy is outlined in Table 
5.1.  Clinicians have a far greater ability to actualize 
 smoking  cessation than most believe. Five hints for 
smoking cessation counseling by physicians are shown 
in Table 5.2. The amount of time required to do this is 
minimal and the potential for change is great (25).

ConCluSionS

Evidence linking tobacco use to cardiovascular 
 disease causation is indisputable. Approximately a 
half million deaths annually are attributed to ciga-
rette smoking in the United States. The economic 
burden from medical expenses and indirect costs is 
enormous, but the human cost in suffering exceeds 
these. Environmental smoke is also an important 
cause responsible for up to 40,000 deaths from 
heart disease annually. Preventing cigarette smok-
ing among youth includes a variety of initiatives. For 
adults, behavioral treatments, self-help approaches, 
and pharmacologic therapy are readily available. 
These, in combination with community and public 
health approaches, provide the potential for eliminat-
ing one of the greatest health-impairing behaviors 
affecting humankind.
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6

The Metabolic Syndrome (MetS), an integrative 
epidemiologic concept, is a clustering of metabolic 
risk factors including visceral obesity, dyslipidemia, 
hypertension, and hyperglycemia, each important 
risk factors for developing diabetes and atheroscle-
rotic cardiovascular disease (ASCVD). As early as 
1923, Kylin, a Swedish physician, described the clus-
tering of cardiovascular risk factors such as hyper-
tension, obesity, and gout (1). Later, a constellation 
of insulin resistance, hyperglycemia, hypertension, 
low HDL-cholesterol, and high VLDL-triglycerides 
was described by Reaven as Syndrome X (2). This 
clustering since has taken different names including 
insulin resistance syndrome, dysMetS, hypertriglyc-
eridemic waist, obesity syndrome, and finally settled 
on MetS.

Genetic predisposition, lack of exercise, and 
body fat distribution all affect the likelihood that a 
given obese subject will become overtly diabetic or 
develop cardiovascular disease (CVD). The evidence 
for the association between MetS and subsequent 
development of type II diabetes (fivefold increase) and 
CVD (twofold increase) is very strong. In addition, 
individuals with MetS seemingly are susceptible to 
other conditions, notably polycystic ovary syndrome, 
fatty liver, cholesterol gallstones, asthma, sleep dis-
turbances, and some forms of cancer. Once CVD or 
diabetes develops, the presence of MetS and the num-
ber of components of the MetS contribute to disease 
progression and risk. However, the MetS is not an 

absolute risk indicator, as it does not contain many of 
the factors that determine absolute risk, for example, 
age, sex, cigarette smoking, and low-density lipopro-
tein cholesterol levels. Cross-sectional surveys indi-
cate that in the United States, one-third of adults and 
an alarming proportion of youth have the MetS (3).

HiStory, Prevalence, 
and ePideMiology

In 1998, The WHO proposed criteria (Table 6.1) for 
defining MetS that included insulin resistance as a 
defining criterion. It was validated in 2001, with its 
own ICD-9 code by the American Association of Clin-
ical Endocrinologists and then by the release of the 
Third Adult Treatment Panel of the National Choles-
terol Education Program definition of MetS. Similar 
criteria proposed later by the International Diabetes 
Federation identified abdominal obesity to be one of 
the three criteria required to diagnose the MetS and 
focused on its ethnic variations. Central adiposity was 
the central theme of all the definitions and was repre-
sented by waist circumference.

Prevalence differs based on the population 
studied and definition used (4). The Centers for 
Disease Control and Prevention (CDC) places the 
official prevalence of MetS at 34% among U.S. 
adults 20 years and older, based on the ATP III defi-
nition and NHANES 2003 to 2006 data (5). Based 
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proposed a modification of the WHO definition, using 
the term insulin resistance syndrome rather than MetS 
and focused more on abdominal obesity than did the 
WHO; in contrast to the WHO, it excluded patients 
with type 2 DM from their syndrome because insulin 
resistance was viewed primarily as a risk factor for 
diabetes (5). The American Association of Clinical 
Endocrinologists (Table 6.2) released a definition with 
lower BMI and blood pressure cutoffs.

In 2001, the Third Adult Treatment Panel of 
the National Cholesterol Education Program defini-
tion of MetS was released which provided easy-to-use 
criteria (12) (Table 6.3). Later, in a global consen-
sus  definition, the International Diabetes Federation, 
identifying abdominal obesity to be one of the three 
criteria required to diagnose the MetS, focused on 
its ethnic and gender-specific variations (13). The 
IDF consensus group also recommended additional 
criteria that should be part of further research into 
MetS, including: tomographic assessment of visceral 
adiposity and liver fat, biomarkers of adipose tissue 
(adiponectin, leptin), apolipoprotein B, LDL particle 
size, formal measurement of insulin resistance and an 
oral glucose-tolerance test, endothelial dysfunction, 
urinary albumin, inflammatory markers (C-reactive 
protein, tumor necrosis factor α, interleukin 6), and 
thrombotic markers (plasminogen activator inhibi-
tor type 1, fibrinogen). Central adiposity, the central 
theme of these definitions is represented by waist 
circumference.

on the most recent data from NHANES 1999 to 
2010 (65), 22.9% of U.S. adults using the NCEP/
ATP III guidelines criteria have MetS in 2009 to 
2010, which has decreased from 25% in 1999 to 
2000 (7),  predominantly driven by decreases in 
prevalence of hypertriglyceridemia and elevated 
blood pressure. During the same period, the preva-
lence of abdominal obesity has increased to 56% 
from 45%, especially prominent in women. There 
are ethnic variations in prevalence: MetS is shown 
to be most prevalent among Mexican Americans; 
among African Americans, in particular males, and 
prevalence was lower than in whites (7,8).

The prevalence among U.S. adolescents has 
been shown to be rising from 4.2% in 1988 to 1992, 
6.4% in 1999, and 10.8% in males and 6.1% in 
females based on the National Health and Nutrition 
Examination Surveys 2001 to 2006 (9). Non-white 
teens were more likely to have MetS defined by 
WHO criteria (4). A recent review on the prevalence 
of MetS in children and adolescents found ranged 
from 1.2% to 22.6% with rates of up to 60% observed 
in the overweight and obese, using 36 studies using 
the general population and community-based sam-
pling (10).

definition

The WHO consultation group proposed criteria 
for defining MetS that included insulin resistance 
as a defining criterion, and also included diabetes 
as a defining criterion (11) (Table 6.1). The Euro-
pean Group for Study of Insulin Resistance (EGIR) 

TABLE 6.1 WHo Criteria for Metabolic Syndrome (3 or 
More of the Criteria Below)

Components WHO Criteria

insulin resistance 1 of the following
• Type 2 diabetes
• Impaired fasting glucose
• Impaired glucose tolerance

HtN on HtN meds or ≥ 140/90 mmHg

triglycerides ≥ 150 mg/dL

HdL-C < 35 mg/dL

BMi 30 kg/m2 or W/H ratio > 0.9 in 
men and > 0.85 in women

Urine albumin > 20 μg/min or albumin: 
 creatinine ratio ≥ 30 mg/g

TABLE 6.2 American Association of Clinical 
endocrinologists Criteria for Metabolic Syndrome

Components AACE Criteria

overweight/obesity BMI ≥ 25 kg/m2

triglycerides ≥ 150 mg/dL

Low HdL Men < 40 mg/dL
Women < 50 mg/dL

HtN ≥ 130/85 mmHg

2-hour post glucose 
challenge

≥ 140 mg/dL

fasting glucose 110–126 mg/dL

other • Family h/o DMT2, HTN, CVD
• PCOS
• Sedentary lifestyle
• Advancing age
•  Ethnic groups with high 

risk for type 2 diabetes
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In 2005 an update to the NCEP-ATP III defini-
tion brought it more in line with the IDF definition, 
specifically using the lower cutpoint of impaired fast-
ing glucose to (100 mg/dL) and comments on possible 
ethnic differences and that lower waist values may be 
adopted in certain ethnic groups, such as those recom-
mended by the IDF (14). In 2009, a joint statement 
by the IDF, NHLBI, AHA, WHF, International Ath-
erosclerosis Society, and International Association for 
the Study of Obesity proposed a set of criteria incor-
porating ethnic and gender-based cutoffs for waist cir-
cumference which is still considered the preliminary 
screening tool (15) (Table 6.4).

The utility of MetS in predicting CV risk beyond 
its individual components, and the role of insulin resis-
tance as the cause of the syndrome, have always been 
debated (16). Moreover, inclusion of diabetes as a defin-
ing criterion (when MetS itself acts as an identifier for 
people at higher risk for diabetes) has also put to ques-
tion the existence of MetS. However, supporters of the 
syndrome as a diagnostic entity argue that the recogni-
tion of MetS promotes lifestyle therapies that will reduce 
all of the metabolic risk factors simultaneously (17–20).

PatHoPHySiology

Insulin is needed to facilitate glucose uptake in adi-
pocytes, hepatocytes, and skeletal muscle cells, and 
it also regulates hepatic glucose production and 
lipolysis. The central feature of MetS pathophysiol-
ogy is insulin resistance. It is a genetic and acquired 
defect in metabolism that is defined as decreased 
responsiveness of target tissues to normal levels of 

TABLE 6.3 Modified AtP iii Criteria for diagnosis of 
Metabolic Syndrome (3 or More of the Criteria Below)

Components ATP III Modified

Abdominal obesity Men > 102 cm
female > 88 cm

triglycerides ≥ 150 mg/dL or on therapy to 
lower triglycerides

HdL–C < 40 mg/dL in men and  
< 50 mg/dL in women or on 
therapy to raise HDL-C

Blood Pressure ≥ 130/85 mmHg or on 
therapy for elevated blood 
pressure

fasting glucose ≥ 100 mg/dL or on therapy 
for elevated glucose

TABLE 6.4 2009 Joint Scientific Statement Criteria 
for diagnosis of Metabolic Syndrome (Central obesity 
Essential Component Plus Any Two of the Other Four 
Components)

Components Categorical Cut Points

elevated waist 
circumference

Population- and 
 country-specific 
definitions*

reduced HdL-C (drug 
treatment for reduced 
HdL-C is an alternate 
indicator)

< 40 mg/dL (1.0 mmol/L) 
in males; < 50 mg/dL 
(1.3 mmol/L) in females

Elevated blood pressure 
(antihypertensive drug 
treatment in a patient with 
a history of hypertension 
is an alternate indicator)

Systolic ≥ 130 and/or 
diastolic ≥ 85 mmHg

elevated fasting  
glucose (drug treatment 
of elevated glucose is an 
alternate indicator)

≥ 100 mg/dL

elevated triglycerides 
(drug treatment for 
elevated triglycerides is 
an alternate indicator)

≥ 150 mg/dL  
(1.7 mmol/L)

*The writing group agreed that varying definitions of waist 
circumference cutoff values exist and recommended that 
cutoff values be based on local group recommendations and 
suggested that further evidence is needed to assess the waist 
circumference thresholds and associated risk. Meanwhile the 
available criteria suggested by the WHo and NHLBi should 
be used. The WHO identifies 2 levels of abdominal obesity 
in Europids depending on risk for metabolic complications. 
An increased risk occurs at waist circumferences of ≥ 94 cm in 
men and ≥ 80 cm in women, but risk is substantially higher at 
≥ 102 cm in men and ≥ 88 cm in women. In the Asian popula-
tion thresholds suggested are ≥ 90 cm for men and ≥ 80 cm 
for women, although several newer studies suggested differ-
ent values for Japanese, Chinese, and Indian populations.

circulating insulin, resulting in hyperinsulinemia. 
Hyperinsulinemia is associated with adrenergic over-
activity, antinatriuresis, leading to increased cardiac 
output and urinary catecholamine excretion and plasma 
volume expansion, thus causing hypertension (2).  
Chronic sympathetic nervous system overactivity 
contributes to a further decline of insulin sensitivity 
and creates a vicious circle that may contribute to the 
development of hypertension and of the MetS and 
favor cardiovascular and kidney disease.

Expanded adipose tissue mass releases free fatty 
acids (FFA), which in addition to reducing insulin 
 sensitivity in muscle and liver, also causes increased 
production of glucose and triglycerides and secretion 
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or two MetS risk factors were at an increased risk 
of death from CHD and CVD. Increased risks asso-
ciated with MetS held similarly for men as they did 
for women. Those with both diabetes and pre-existing 
CVD had the highest risk (28).

In 2,175 elderly subjects in the Cardiovascular 
Health Study, MetS defined by the ATP III but not 
WHO criteria was associated with a significant 38% 
increased risk (hazard ratio 1.38, 95% CI = 1.06–1.79) 
of coronary or cerebrovascular events (29). Some stud-
ies have, however, questioned the utility of MetS when 
adjustment for cardiorespiratory fitness resulted in 
associations being no longer significant; in this large, 
primarily healthy cohort of 19,223 men who received a 
clinical examination and fitness examination, adjusted 
relative risks for all-cause and cardiovascular mortality 
were 1.29 (1.05–1.57) and 1.89 (1.36–2.60), respec-
tively, among those with versus without MetS (30).

In a meta-analysis of risks for all-cause mortality, 
CVD, and diabetes, Ford et al. noted that among studies 
using the exact NCEP definition of the MetS, relative 
risks (and 95% confidence intervals) associated with 
the MetS were 1.27 (0.90–1.78) for all-cause mortality, 
1.65 (1.38–1.99) for cardiovascular disease, and 2.99 
(1.96–4.57) for diabetes (24). For the WHO definition, 
corresponding estimates were 1.37 (1.09–1.74), 1.93 
(1.39–2.67), and 2.60 (1.55–4.38), respectively. The 
authors concluded population-attributable fractions of 
the MetS to be 6–7% for all-cause mortality, 12–17% 
for cardiovascular disease, and 30–52% for diabetes.

The association between MetS and CVD events 
may be attenuated in certain population subgroups. In 
a study looking at the predictive value of MetS in the 
elderly, Mozaffarian et al. used data from the Cardio-
vascular Health Study (CHS) and examined data from 
4,258 U.S. adults (31). Although those with MetS had 
a 22% higher mortality risk (RR, 1.22; 95% confidence 
interval CI, 1.11–1.34), when looking at the population-
attributable risk fraction (PAR %), higher proportions of 
death were attributable to elevated fasting glucose (EFG) 
and hypertension (PAR, 22.2%) than to MetS (PAR, 
6.3%). This study reinforces the concept that there is 
limited short-term risk assessment value in using MetS. 
In general, the MetS may help identify younger cohorts 
who face a high long-term cardiovascular risk.

Finally, there was a large meta-analysis of the 
risk of incident cardiovascular events and death asso-
ciated with MetS analyzed data from 37 studies and 
172,573 individuals. MetS in this analysis had a much 
stronger association with cardiovascular events and 
death with a relative risk of 1.78 (95% CI = 1.58–
2.00). This relationship was stronger in women and 
remained significant after adjusting for traditional car-
diovascular risk factors (32).

of very low density lipoproteins (VLDL), leading to 
reduced glycogen stores and increased lipid accumu-
lation in triglycerides (TG) (21). The elevation in FFA 
and TNF-α and decrease in adiponectin adversely affect 
endothelial function and promote atherogenesis (22).

The excess adipose tissue observed in the MetS 
results in overproduction of inflammatory cytokines 
TNF-α, IL-6, and C-reactive protein (CRP). Also 
noticed is the increase in plasminogen activator inhib-
itor type 1 (PAI-1) which is the most potent inhibitor 
of fibrinolysis in the body and is produced from the 
increased adipose tissue mass. Central obesity was 
significantly and positively correlated with PAI-1 
levels, levels of insulin, and elevated BP, and being 
negatively correlated with HDL-C and waist circum-
ference was found to predict PAI-1 levels (23).

cardiovaScular riSk in PerSonS 
witH MetS

Prediction of diabetes

Several studies examined the risk of developing diabe-
tes in MetS based on NCEP/ATP III definition (relative 
risk of 2.99 [95% CI 1.96–4.57]) and modified WHO 
definitions (unadjusted fixed-effects estimate was 6.08 
[95% CI 4.76–7.76]) (24). The relative risk of develop-
ing diabetes, in those with MetS, based on data from 
the Prospective Study of Pravastatin in the Elderly 
at Risk (PROSPER) study and the British Regional 
Heart Study (BRHS) is between 3 and 11 (25). MetS 
predicted an increased risk of diabetes in PROSPER 
participants, HR = 4.41 (95% CI = 3.33–5.84) and 
an even stronger association was observed in BRHS 
participants, HR = 7.47 (4.90–11.46) (25). The San 
Antonio Heart Study (n = 2,559) showed that the MetS 
predicted diabetes beyond glucose  intolerance alone 
and that the NCEP/ATP III definition performed better 
than the modified WHO definition (26).

Prediction of cardiovascular events  
and Mortality

The combination of both diabetes and MetS is asso-
ciated with a much higher prevalence of CHD and 
even those with MetS in the absence of diabetes have 
a higher prevalence of CHD than those with diabetes 
who do not have MetS (27).

We demonstrated in the U.S. population of men 
and women a twofold greater risk of mortality from 
CHD and CVD in persons with MetS; even those with 
MetS but without diabetes and those with only one 
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utility of novel Biomarkers for additional 
risk assessment in MetS

Once global risk assessment is done utilizing the 
population-based scores, additional information 
about the CVD risk for a given individual can then 
be found with information obtained from the novel 
biomarker. For example, there has been interest as to 
whether the addition of risk factors, such as high sen-
sitivity C-reactive protein (hsCRP), fibrinogen, and 
small dense LDL, will further add to predicting risk 
in persons with MetS. It has been shown that hsCRP 
levels add predictive value for cardiovascular risk 
among individuals with MetS. As shown in the Nurses 
Health Study and by the Framingham investigators, 
hsCRP levels of 3 or more have an additive effects 
for predicting CV risk (40). In addition, the authors 
have published in the National Health and Nutrition 
Examination Survey (NHANES) 1999 to 2000 sample 
that participants with increased CRP levels and MetS 
have similar odds of CVD to those with diabetes who 
have low CRP levels, and that those with diabetes and 
high CRP levels had the highest odds of CVD (41).

It is important to note that the JUPITER trial 
has shown that screening for C-reactive protein can 
identify within the primary prevention setting a sub-
set of patients (those with elevated CRP levels) most 
likely to benefit from preventive therapy with a statin. 
Both patients with and without MetS, all of whom had 
CRP levels > 2 mg/L benefited from treatment (42). 
Disputing the relative importance of CRP, a recent 
comprehensive meta-analysis from the Emerging 
Risk Factors Collaboration (ERFC) examined data 
from 54 studies and 160,309 participants and found 
that statistical adjustment for conventional cardiovas-
cular risk factors resulted in attenuation of the linear 
relationship between hsCRP concentration and CHD, 
stroke, and other vascular mortality. The role of other 
novel risk markers, such as fibrinogen, interleukin  
(IL-1, IL-6) ApoB, albuminuria, GFR, or cardiorespira-
tory fitness is of uncertain value, and adiponectin levels 
have been recommended as of uncertain value in pro-
viding additive risk stratification in persons with MetS.

Screening for Subclinical atherosclerosis

If, after quantitative risk assessment based on a popu-
lation model (pooled cohort estimate), uncertainty 
remains in an individual patient, it is considered rea-
sonable to check family history, hsCRP, CAC score, 
or ABI to help in decision making.

Ingelsson et al. evaluated the incidence of CVD 
associated with MetS and diabetes according to the 

Prediction of Stroke

MetS is reported to increase the odds of ischemic 
stroke by 1.49-fold among patients with known 
CHD compared to 2.49-fold in diabetic subjects with 
CHD (33). Similar increased risk was also reported in 
case controls studies of stroke survivors from Japan 
(3.1-fold) and Greece (2.6) (34,35).

MetS risks among Subjects with known 
cardiovascular disease

The presence of MetS confers an additional 29% risk 
of death and 23% risk of major cardiovascular events 
(36) as seen in the GISSI-Prevenzione Trial among 
11,232 patients with a prior MI, and a hazard ratio 
of 1.49 for death and recurrent MI (37) as seen in 
the Myocardial Ischemia Reduction with Aggressive 
Cholesterol Lowering (MIRACL) trial. This increased 
risk was more pronounced in diabetic patients.

global risk assessment of MetS

The recently released ACC/AHA guidelines (38) rec-
ommended using a pooled cohort estimate to estimate 
more closely the total burden of ASCVD, for a com-
prehensive assessment of the estimated 10-year risk for 
an ASCVD event that includes both CHD and stroke.
The new Pooled Cohort Risk Assessment Equations 
developed by the Risk Assessment Work Group estimate 
the 10-year ASCVD risk (defined as first occurrence 
nonfatal and fatal MI, and nonfatal and fatal stroke) for 
the identification of candidates for statin therapy. These 
estimates are to be used to predict stroke as well as 
CHD in non-Hispanic Caucasian and African American 
women and men aged 40 to 79 years with or without 
diabetes and who have LDL-C between 70–189 mg/dL.

These final pooled cohorts were derived from 
trials that included participants from several large, 
racially and geographically diverse, modern NHLBI-
sponsored cohort studies, including the ARIC (Athero-
sclerosis Risk in Communities) study, Cardiovascular 
Health Study, and the CARDIA (Coronary Artery Risk 
Development in Young Adults) study, combined with 
applicable data from the Framingham Original and 
Offspring Study cohorts. These included Caucasian 
and African American populations and there is a need 
for validation of these estimates in the various ethnic 
groups as when compared with nonHispanic whites, 
estimated 10-year risk for ASCVD is generally lower 
in Hispanic American and Asian American popula-
tions and higher in American Indian populations (39).
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and benefit. Any diet that incorporates the above and 
emphasizes intake of vegetables, fruits, and whole 
grains; includes low-fat dairy products, poultry, fish, 
legumes, nontropical vegetable oils and nuts; and limits 
intake of sweets, sugar-sweetened beverages, and red 
meats is recommended. This can be achieved by fol-
lowing diet plans such as the DASH dietary pattern, 
the USDA Food Pattern, or the AHA Diet. The aim in 
addition to caloric restriction is for a dietary pattern that 
achieves 5% to 6% of calories from saturated fats (71).

When food was supplied to adults with a total 
cholesterol level < 260 mg/dL, LDL-C < 160 mg/dL, 
and body weight was kept stable, the DASH dietary 
pattern, when compared to a typical American diet 
of the 1990s, lowered LDL-C by 11 mg/dL, lowered 
HDL–C by 4 mg/dL, and had no effect on TG (48).

diet recommendations for Blood  
Pressure lowering

In addition to the dietary goals and recommendations 
above, the goal is to restrict sodium in the diet to no more 
than 2,400 mg/day and achieve a reduction of sodium in 
a diet of at least 1,000 mg/day for lowering blood pres-
sure (71). Additional restriction to less than 1,500 mg/
day is associated with further reductions in blood pres-
sure. The DASH diet when regularly consumed lowers 
blood pressure by 5–6/3 mmHg. A low sodium diet has 
been shown to work in all patients, regardless of eth-
nic groups. There is insufficient evidence from RCTs 
to determine whether reducing sodium intake plus 
changing dietary intake of any other single mineral (eg, 
increasing potassium, calcium, or magnesium) lowers 
BP more than reducing sodium intake alone.

exercise recommendations by acc/aHa 
for cholesterol and Blood  
Pressure lowering

At all BP levels, including individuals with HTN, 
aerobic physical activity has been shown to decrease 
systolic and diastolic BP, on average, by 2 to 5 mmHg 
and 1 to 4 mmHg, respectively.

Typical interventions shown to be effective for 
lowering BP include aerobic physical activity of, on aver-
age, at least 12 weeks’ duration, 3 to 4 sessions per week, 
lasting on average 40 minutes per session, and involving 
moderate-to-vigorous intensity physical activity.

Aerobic exercise has also been shown to 
reduce LDL cholesterol by 3–6 mg/dL and non-HDL 
cholesterol by 6 mg/dL. It did not have any consistent 
effects on HDL-C and triglycerides.

presence or absence of subclinical disease, which was 
categorized based on any abnormalities on carotid 
ultrasound or ankle-brachial blood pressure as well as 
left ventricular hypertrophy on an echocardiogram or 
an electrocardiograph, or abnormal urinary albumin 
using data from the Framingham Offspring Study (43). 
The authors found that participants who had MetS and 
exhibited subclinical disease had a risk of CVD that 
was 2.5-fold higher (HR 2.67, 95% CI 1.62–4.41) than 
those without MetS or subclinical disease. The associ-
ation of MetS and CVD was attenuated in those with-
out subclinical disease (HR 1.59, 95% CI 0.87–2.90).

coronary artery calcification (cac)

The presence and extent of CAC strongly correlates 
with the overall magnitude of the coronary athero-
sclerosis plaque burden and with the development of 
subsequent coronary events (44). The authors have 
previously demonstrated the presence of MetS to be 
independently associated with an increased likeli-
hood of CAC (compared with those without MetS), 
and those with diabetes to have the highest likelihood 
of CAC (45). Moreover, the prevalence of calcium 
among women with MetS was as high as in those 
with diabetes. CAC has been deemed a class IIb rec-
ommendation in the 2013 ACC/AHA guidelines for 
the purpose of risk-based treatment decision making 
when formal risk estimates are uncertain.

treatMent

The recently released 2013 ACC/AHA guidelines for 
prevention of cardiovascular disease provide guid-
ance on treatment of cholesterol, obesity, and lifestyle 
changes for cardiovascular risk reduction (46). Also, the 
recently released 2013 guidelines for HTN authored by 
a panel convened by the Joint National Committee 8 
provide guidance on blood pressure management (47).

Lifestyle modification is the mainstay therapy 
for MetS. The goals for lifestyle risk factor manage-
ment based on recommendations by the ACC/AHA 
guidelines on prevention include dietary, exercise, and 
weight loss recommendations (48).

diet recommendations for ldl 
cholesterol lowering

The ACC/AHA recommend adapting a dietary pat-
tern to appropriate caloric requirements and personal 
and cultural preferences for continued adherence 
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Adults with a BMI ≥ 40 or BMI ≥ 35 with obe-
sity-related comorbid conditions who are motivated 
to lose weight and who have not responded to behav-
ioral treatment with or without pharmacotherapy with 
sufficient weight loss to achieve targeted health out-
come goals that bariatric surgery may be an appro-
priate option, it is reasonable to refer for bariatric 
surgery.

In a meta-analysis of RCTs examining lifestyle 
modification for individuals with MetS, lifestyle mod-
ification was more likely than conventional education 
to result in resolution of MetS.

Diets that foster adherence in the long run, such 
as those modeled after the Mediterranean diet, not only 
improve risk factors but also reduce coronary mortal-
ity after myocardial infarction, improve endothelial 
function, and increase longevity (49,50). In a study 
using data from the third National Health and Nutri-
tion Examination Survey (NHANES III), participants 
diagnosed with MetS had a lower consumption of 
fruit, vegetables, and antioxidants than those without 
MetS (51). The Coronary Artery Risk Development 
in Young Adults Study (CARDIA) showed that con-
sumption of dairy products was associated with a sig-
nificantly reduced risk of MetS (52). The Framingham 
Offspring Study showed whole grain and cereal fiber 
intakes were associated with reduced risk of MetS 
(53). Weight reduction and increased physical activity 
slows progression to type 2 diabetes in individuals with 
MetS (54,55).

Lifestyle and behavior modification can be 
difficult. O’Malley et al. examined the effect of case 
management on the development of the MetS (56). In 
a randomized control trial with 450 patients, they were 
able to demonstrate greater improvement in motiva-
tion to change behavior and lower prevalence of MetS 
in 6 months after intervention with a cardiovascular 
case management program.

However, in severely obese patients where life-
style measures are not sufficient to adequately address 
the problem, pharmacologic therapy for weight loss 
can be recommended as an adjunct.

Pharmacological treatment

When lifestyle modification fails and in high-risk 
patients, medications that target individual risk fac-
tors are recommended (eg, antihypertensives, lipid- 
lowering drugs, hypoglycemic drugs, antiplatelet 
drugs, and weight-loss drugs). Specific therapeutic 
targets focus on atherogenic dyslipidemia, elevated 
blood pressure, elevated glucose, and prothrombotic 
and proinflammatory states.

type of exercise

When resistance training is compared to aerobic exer-
cise, it resulted in beneficial effects on systolic blood 
pressure; however, no consistent effects on diastolic 
pressure were seen. The combined effect of both aero-
bic and resistance training is not known. The ACC/
AHA guidelines currently recommend aerobic exer-
cise for weight reduction.

weight loss recommendations

Approximately 78 million adults in the United States 
are obese, which places them at risk for morbidity 
from a variety of conditions including diabetes, coro-
nary heart disease, and stroke.

Waist circumference, height, weight, and BMI 
need to be measured at least annually, or more fre-
quently, in patients who are at higher risk. The recent 
ACC/AHA guidelines did not change the recommended 
cutoff values for waist circumference previously estab-
lished by IDF and NCEP/ATP III. These patients with 
high BMI need to be counseled at every visit about their 
risk for developing diabetes that even modest weight loss 
(3–5% of body weight) can result in clinically meaning-
ful benefits for triglycerides, blood glucose, glycated 
hemoglobin, and development of diabetes (type 2). 
Greater weight loss (> 5%) can further reduce blood 
pressure, improve lipids (both low-density lipoprotein 
and high-density lipoprotein cholesterol), and reduce 
the need for medications to control blood pressure, 
blood glucose, and lipids. Weight loss is to be achieved 
using lifestyle modifications and physical activity.

To achieve weight loss, a 1200 to 1500 kcal/diet 
for women and a 1500 to 1800 kcal/day diet for men 
with an energy deficit of 500 kcal/day or 750 kcal/day,  
respectively, is recommended.

Sustained weight loss of 3% to 5% is likely to 
result in clinically meaningful reductions in triglycer-
ides, blood glucose, HbA1C, and the risk of develop-
ing type 2 diabetes.

For weight loss maintenance, prescribe face-to-
face or telephone-delivered weight loss maintenance 
programs that provide regular contact (monthly or 
more frequently) with a trained interventionist who 
helps participants engage in high levels of physical 
activity (ie, 200–300 minutes/week), monitor body 
weight regularly (ie, weekly or more frequently), and 
consume a reduced-calorie diet.

Very low calorie diets (less than 800 kcal/day) 
are to be recommended only as part of a high-intensity 
lifestyle intervention under the close observation of a 
trained provider.
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those with MetS derive a disproportionately large 
reduction in cardiovascular events when treated with 
these agents (57). A meta-analysis of the Familial 
Ath erosclerosis Treatment Study (FATS), the HDL- 
Atherosclerosis Treatment Study (HATS), and the 
Armed Forces Regression Study (AFREGS) showed 
patients with MetS had 50% more rapid coronary ste-
nosis progression than those without MetS and com-
bination of lowering LDL cholesterol plus increasing 
HDL-cholesterol resulted in added benefit (58). Com-
bination therapy with a statin and fibrate or niacin 
resulted in a 54% decrease in cardiovascular events in 
those with MetS; each 10% decrease in LDL choles-
terol or 10% increase in HDL cholesterol was associ-
ated with 11% or 22% event risk reduction.

Although the recent trials on niacin target-
ing HDL cholesterol were negative, design limita-
tions in both these trials preclude generalization and a 
death sentence for niacin (59,60). The VA-HIT study 
established that a 6% increase in HDL and a 31% 
decrease in triglycerides were associated with a 29% 
lower incidence of death/MI/stroke in the absence 
of statin therapy (61). Subgroup analysis from the 
AIM-HIGH trial showed that in patients with the 
upper tertile TG (> =198 mg/dL) and lowest tertile 
HDL-C (< 33 mg/dL), there was an almost significant  
(p = 0.07) reduction in events (HR 0.74) (62). The gen-
eralizability of results from HPS2-THRIVE is under 
question as the average study subject had a LDL-C 
level of 63  mg/dL and a triglyceride level of 125 mg/
dL and that to begin with this study population had no 
indication for niacin therapy (59). This suggests that 
rising HDL may be beneficial in targeted patients, and 
the ongoing HPS3-TIMI 55 may provide additional evi-
dence. The safety of combination lipid therapy is better 
established, with fenofibrate lacking the well-known 
strong interaction of statins with gemfibrozil. The evi-
dence supports treatment of dyslipidemia associated 
with MetS beyond statin treatment for LDL cholesterol, 

dyslipidemia

The newly released ACC/AHA guidelines for blood 
cholesterol management no longer recommend treat-
ment to a goal of LDL as there are no randomized 
studies comparing specific LDL-C targets and on 
treatment non-HDL levels (46).

These guidelines recommend high-intensity 
statin (Table 6.5) therapy to be initiated in individu-
als with LDL-C ≥190 mg/dL for primary prevention. 
If these patients are unable to tolerate a high-intensity 
statin, the maximum tolerated statin intensity is recom-
mended. For primary prevention for LDL ≥190 mg/dL, 
it is reasonable to intensify statin therapy to achieve at 
least a 50% reduction in LDL-C levels. The addition 
of a nonstatin drug to further lower LDL after maxi-
mum intensity of statin is achieved was given a level 
of evidence E citing lack of supporting evidence from 
RCTs for these drugs.

In patients 40 to 75 years old, with diabetes 
and LDL between 70 and 189, a moderate intensity 
statin is recommended; however, if the pooled cohort 
10-year risk of ASCVD is calculated to be at least 
7.5%, then a high-intensity statin is recommended. 
In patients 40 to 75 years old, without diabetes and 
LDL-C between 70 and 189, the 10-year atherosclero-
sis related cardiovascular disease risk based on pooled 
cohort equations should be calculated and therapy ini-
tiated if 10-year risk ≥7.5%; this will be the case for 
many persons with MetS.

The Pooled Cohort Equations should be used 
to estimate 10-year ASCVD risk for individuals with 
LDL-C 70 to 189 mg/dL without clinical ASCVD to 
guide initiation of statin therapy for the primary pre-
vention of ASCVD.

Treatment of dyslipidemia associated with 
MetS with fibrates or niacin, especially in combina-
tion with statins, has been shown to be effective. Post 
hoc analysis of several of the fibrate studies show that 

TABLE 6.5 Intensity of Statin Therapy Based on Statin Type and Dose

High Intensity Moderate Intensity Low Intensity

daily dose lowers LdL-C  
by ≥ 50%

daily dose lowers LdL-C by ≥ 30%  
and < 50%

daily dose lowers LdL-C  
by < 30%

Atorvastatin 40 mg, 80 mg
rosuvastatin 20 mg, 40 mg

Atorvastatin 10 mg, 20 mg
rosuvastatin 5 mg, 10 mg
Simvastatin 20 mg, 40 mg
Pravastatin 40 mg, 80 mg
Lovastatin 40 mg
fluvastatin XL 80 mg
fluvastatin 40 mg bid
Pitavastatin 2–4 mg

Simvastatin 10 mg
Pravastatin 10–20 mg
Lovastatin 20 mg
Fluvastatin 20–40 mg
Pitavastatin 1 mg
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elevated Blood Pressure

JNC 8 released recently recommended less-intensive 
blood pressure goals, including a goal of less than 
150/90 mmHg in those 60 years or older, hyper-
tensive persons age 30 to 59 years to have diastolic 
goal of less than 90 mmHg, and a goal of less than 
140/90 mmHg for most other individuals.

Initiation of therapy with an ACE inhibitor or 
angiotensin receptor blocker (ARB) has been recom-
mended in those with diabetes (47). A recognized 
effect of ACE inhibitors and ARBs is an improvement 
in insulin sensitivity as has been shown by blockage 
of the RAS using ramipril (Heart Outcomes Preven-
tion Evaluation [HOPE] study) and losartan (Losar-
tan Intervention For Endpoint [LIFE]) reduction in 
hypertension study (68) and a consistent reduction in 
the incidence of new-onset diabetes among patients 
with essential hypertension. Thus, pharmacological 
blockade of the renin–angiotensin system, in addition 
to having proven benefits in reducing cardiovascular 
events, may also be able to prevent the development of 
diabetes. Elucidation of the mechanism(s) by which 
these drugs prevent or delay diabetes (2,25) might 
open the door to new therapeutic strategies.

Other clinical studies have shown that inhi-
bition of RAS with either ACEI or ARBs results in 
increasing levels of adiponectin, which is associated 
with improved insulin sensitivity (69). Results from 
the Diabetes Reduction assessment with ramipril and 
rosiglitazone medication (DREAM) trial concluded 
that among persons with impaired fasting glucose lev-
els or impaired glucose tolerance, the use of rampril 
did not significantly reduce the incidence of diabetes 
or death, but did improve normoglycemia (70).

The expert writing group for JNC 8 recom-
mended relaxing of the more aggressive JNC 7 target 
blood pressures and treatment-initiation thresholds 
in elderly patients and in patients under age 60 with 
diabetes and kidney disease. JNC 8 also backs away 
from the recommendation that thiazide-type diuretics 
should be the initial therapy in most patients, suggest-
ing an ACE inhibitor, angiotensin-receptor blocker 
(ARB), calcium-channel blocker (CCB), or thiazide-
type diuretic are reasonable choices (47). 

Prothrombotic and Proinflammatory States

To reduce thrombotic risk, low-dose aspirin therapy 
should be initiated or continued in moderately high 
risk or high risk patients and in those with CVD; 
consider clopidogrel if aspirin is contraindicated. For 

to include fibrates or niacin, used in combination with 
statins to improve incrementally HDL cholesterol and 
triglycerides in addition to LDL-cholesterol.

elevated glucose

The goal for patients with impaired fasting glucose 
(IFG) is to delay progression to type 2 diabetes, and if 
diabetic to reduce the HbA1c to < 7.0% (although recent 
guidelines have suggested less stringent guidelines for 
those with long-standing diabetes or diabetes compli-
cated by other comorbidities including CVD). Weight 
reduction and increased physical activity remain the 
primary intervention for persons with IFG, and in those 
with diabetes, pharmacotherapy should be supple-
mented as needed to reach HbA1c goals (Table 6.3).

Metformin improves insulin sensitivity and 
decreases hepatic glucose output and is a biguanide. 
The DPP demonstrated that metformin was effective at 
slowing onset of diabetes in those with impaired glucose 
tolerance. In the Diabetes Prevention Program trial, par-
ticipants taking metformin did not have significant reso-
lution of MetS compared to those on placebo (63).

Currently, only metformin is recommended as 
an option for therapy in persons with impaired fast-
ing glucose; there are no such recommendations for 
TZDs or other antidiabetic agents at present. Drugs 
that could potentially target insulin resistance include 
weight-loss drugs, peroxisome proliferators-activated 
receptor (PPAR)-alpha agonists (fibrates), PPAR-
gamma agonists (thiazolidinediones [TZDs]).

In persons with diabetes, fibrates and thiazoli-
dinediones have also been shown to have benefits. 
In the recent PROACTIVE clinical trial, although 
the primary composite endpoint was not reduced 
significantly in those on pioglitazone, the principal 
secondary endpoint of myocardial infarction, stroke, 
or cardiovascular disease death was significantly 
reduced in the group on pioglitazone (64). Also, in 
the Fenofibrate Intervention and Event Lowering in 
Diabetes (FIELD) study, although the effect of feno-
fibrate on CVD events in the entire trial was not sig-
nificant, there was a reduction in CVD events in those 
with low HDL cholesterol or hypertension (65). The 
TZDs lessen insulin resistance and modestly improve 
various metabolic risk factors. Moreover, among 
patients with prediabetes, in the Diabetes Reduction 
assessment with Ramipril and Rosiglitazone Medica-
tion (DREAM) trial, and in the ACT-NOW study, the 
TZD pioglitazone administered to subjects with predi-
abetes each showed significant reductions in the onset 
of diabetes (66,67).
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syndrome: A summary of the evidence. Diabetes Care. 
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proinflamatory states, there are no specific recom-
mended therapies beyond lifestyle modifications,

concluSionS

MetS, an integrated epidemiologic concept, is a con-
stellation of risk factors that when present results in 
increased risk for developing diabetes, CVD, and 
stroke. When present in subjects with diabetes and 
CVD, it confers additional risk compared to people 
without MetS. Central obesity is considered the main 
component of MetS and the recommended screen-
ing tool is waist circumference. Treatment is mainly 
focused on lifestyle modifications and treatment of the 
components. New guidelines released provide recom-
mendations on treatment of blood cholesterol, cardio-
vascular risk assessment, and lifestyle modifications 
including diet, exercise, and weight management.
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Type 2 diabetes now affects 25.8 million people 
(8.3% of the U.S. population) and with the escalat-
ing incidence of obesity, it will likely continue to 
increase both in the United States and around the 
world (1). The majority of patients with diabetes have 
type 2 diabetes and are at risk for both microvascular 
and macrovascular complications. There is often a lag 
time from the onset of the disease and recognition that 
contributes to the progression of disease. One-third of 
persons with diabetes may be unrecognized with the 
diagnosis made at the time of an acute event such as 
a myocardial infarction (2). Although microvascular 
complications are common in patients with diabetes, 
cardiovascular disease (CVD) accounts for two-thirds 
of all deaths (3).

Aggressive modification of cardiovascular 
risk factors in patients with diabetes can reduce both 
microvascular and macrovascular events and mortal-
ity, as seen in the STENO-2 trial (4). In this group 
with evidence of microalburinuria, those treated with 
intensive therapy of diet, exercise, smoking cessa-
tion, ACE inhibitor, multivitamin, aspirin, HgA1C 
< 7%, BP and lipids at goal showed an absolute risk 
reduction of 20% for mortality and 29% in cardiovas-
cular events as compared to those receiving conven-
tional therapy (4). Thus, identification and treatment 
of risk factors in those with diabetes can help reduce 
the increasing burden of cardiovascular disease in this 
patient population.

DiaGnosis

Diabetes can be categorized into four clinical classes 
including type 1 diabetes (B-cell destruction and insulin 
deficiency), type 2 diabetes (insulin resistance and wors-
ening insulin secretion), gestational diabetes, and diabe-
tes secondary to genetic defects, drugs, or other diseases 
such as cystic fibrosis (5). Traditionally the diagnosis of 
diabetes has been made from random glucose levels and 
symptoms, elevated fasting glucose levels, or an abnor-
mal glucose tolerance test (6). Recently the American 
Diabetes Association (ADA) expanded the diagnostic 
criteria to include HgA1c> 6.5% (Table 7.1). It is impor-
tant to recognize the opportunity to make a diagnosis not 
only in patients with cardiovascular disease but those at-
risk individuals (Table 7.2).

Prevention of tyPe 2 Diabetes

Early recognition of individuals at risk for diabetes and 
sustained efforts aimed at lifestyle modification are 
important in preventing or delaying the onset of diabe-
tes in high-risk individuals. Those with impaired fasting 
glucose between 100 mg/dL and 126 mg/dL, 2-hr oral 
glucose tolerance test of 140 to 199 mg/dl, or an A1C of 
5.7% to 6.4% are considered prediabetic and therefore 
at-risk individuals. Several studies such as the Diabetes 
Prevention Program showed that lifestyle modification 

Donna M. Polk, MD, MPH
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significantly reduced the subsequent diagnosis of diabe-
tes in patients with insulin resistance (7). In particular 
patients were randomized to lifestyle, metformin, or pla-
cebo. Those individuals randomized to lifestyle changes 
including 150 minutes/week of exercise and ≥ 7% weight 
loss had a 58% reduction in the development of diabe-
tes as compared to placebo over a 3-year follow-up (7). 
Those individuals who received the insulin sensitizer 
metformin had a 31% reduction in diabetes. Other studies 
have also shown reductions in the diagnosis of diabetes 
in insulin-resistant individuals with lifestyle modifica-
tion (8,9) and pharmacologic therapies such as ascarbose 
(10) in the STOP-NIDDM trial, and rosiglitazone in the 
DREAM trial (11). Most recently, the Look AHEAD 
trial, an intensive lifestyle intervention in overweight 
or obese type 2 diabetics, was halted early because of 
lack of impact on the cardiovascular outcomes despite 
greater weight loss and improved glycemic control 
(11a). Despite the lack of reduction in cardiovascular 

outcomes, those who maintained weight loss during the 
nearly 10 years of follow-up had improved quality of 
life, reduced depression, better mobility and fitness, and 
reduced urinary incontinence and sleep apnea.

Recommendations from the American Diabetes 
Association (ADA) are summarized below (5,6).

 n At risk individuals should be referred for support 
program for weight loss

 n Weight loss goals of 7% to 15% of body weight
 n Dietary fiber (14 g/1,000 kcal)
 n Moderate activity of at least 150 min/week
 n Follow-up counseling to insure adherence to lifestyle 

modifications
 n Consideration of therapy with metformin in high-risk 

individuals
 n Yearly monitoring for development of diabetes
 n Evaluation of and treatment of modifiable CVD risk 

factors

Table 7.1 Criteria for the diagnosis of diabetes

Criteria for the Diagnosis of Diabetes

1. fasting plasma glucose ≥ 126 mg/dL. (fasting is defined as no caloric intake for at least 8 hours)*

2. 2-hr plasma glucose ≥ 200 mg/dL during an oral glucose tolerance test*

3. random plasma glucose ≥ 200 mg/dL with classic symptoms of hyperglycemia or hyperglycemia crisis

4. HgA1c ≥ 6.5%*

*Should be confirmed by repeat testing unless unequivocal hyperglycemia.
Source: Adapted from diagnosis and Classification of diabetes Mellitus. Diabetes Care. 2010;33:S62–S69.

Table 7.2 Criteria for testing for diabetes in Asymptomatic Adult individuals

Criteria 

1. testing should be considered in all adults who are overweight (BMi ≥ 25 kg/m2*) and have additional risk factors.

  • Physical inactivity
  • First-degree relative with diabetes
  • Members of a high-risk ethnic population (eg, African American, Latino, Native American, Asian American,  
 Pacific islander)
  • Women who delivered a baby weighing > 9 lb or were diagnosed with GDM
  • Hypertension ( ≥ 140/90 mmHg or on therapy for hypertension)
  • HDL cholesterol level < 35 mg/dL and/or a triglyceride level > 250 mg/dL
  • Women with polycystic ovary syndrome
  • A1C > 5.7%, impaired glucose tolerance, or impaired fasting glucose on previous testing
  • Other clinical conditions associated with insulin resistance (eg, severe obesity, acanthosis nigricans)

2. In the absence of the above criteria, testing should begin at age 45 years.

3. If results are normal, testing should be repeated at least at 3-year intervals, with consideration of more  
frequent testing depending on initial results and risk status.

*At risk BMi may be lower in some ethnic groups.
Source: Adapted from Standards of Medical Care in diabetes-2013. Diabetes Care. 2013;36:S11–S66.
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CarDiovasCular risk faCtors

lipids

Treatment of dyslipidemia in patients with diabetes 
offers an opportunity to significantly affect cardiovas-
cular mortality in this high-risk population. The lipid 
profile in patients with diabetes and insulin resistance 
is characterized by low HDL-C, high triglycerides, and 
a modest increase in LDL-C which are predominantly 
small dense particles. These small dense LDL  particles 
are more easily oxidized, enter the arterial wall more 
readily, are cleared more slowly, and thus are considered 
more atherogenic. Lifestyle modifications including 
weight loss and exercise can have a positive effect on lip-
ids, particularly triglyceride and HDL-C levels. LDL-C 
lowering can be achieved with dietary modifications 
such as reductions in fat, increased fiber intake, addi-
tion of stanol/sterol esters, and pharmacologic  therapy. 
LDL-C lowering remains the primary goal of therapy 
and statins are the  first-line agents used to achieve 
this goal. Additional agents may be added to achieve 
LDL-C goals, but data in diabetics are  limited. There 
is an increased risk of complications with  combination 
therapy, particularly with fibrates, and with recent evi-
dence of lack of  efficacy in a diabetic population, com-
bination therapy should be used with caution in this 
patient population (12). Often improved glycemic con-
trol can improve secondary targets such as triglycerides 
and non-HDL-C. The treatment  recommendations from 
the ADA are more aggressive and recommend statins 
be given to all patients with diabetes regardless of the 
LDL-C level, and that low HDL-C be a treatment goal. 
Recent ACC/AHA guidelines recommend that all per-
sons with diabetes without evidence of atherosclerotic 
cardiovascular disease between the ages of 40 and 75 
with LDL levels of 70–189 mg/dL be treated with mod-
erate dose statin therapy (13). This is the equivalent of 
10–20 mg of atorvastatin, 5–10 mg rosuvastatin, 40–80 
mg pravastatin, or 20–40 mg of simvastatin with the aim 
to reduce LDL-C by 30–50%. Patients with evidence of 
atherosclerotic  cardiovascular disease, LDL levels ≥ 190 
mg/dL, or those with a 10-year risk greater than 7.5% 
should receive high doses statins with the goal of LDL 
reduction > 50%. High-dose statin therapy is considered 
40–80 mg  atorvastatin or 20–40 mg of rosuvastatin. The 
following are goals and treatment  recommendations 
from ADA and ACC/AHA (5,13):

 n Fasting lipid profile at least annually (every 2 years 
for low-risk lipid profiles)

 n Moderate dose statin for diabetics aged 40–75 with-
out diagnosed CVD and LDL levels of 70–189 mg/dL

 n High-dose statin in persons with diabetes with diag-
nosed CVD

 n High-dose statin with LDL levels ≥ 190 mg/dL
 n High-dose statin with 10-year risk greater than 7.5%
 n Statins should be prescribed for (ADA)

 l Patients with diabetes and CVD regardless of 
baseline LDL-C level

 l Patients with diabetes over the age of 40 with at 
least one additional cardiovascular risk factor

Hypertension

The majority of patients with diabetes also have hyper-
tension with 57.3% in a recent NHANES survey and 
only 56.9% at blood pressure goal (14). Appropriate 
treatment of hypertension is essential to reduce micro-
vascular complications such as renal function, but also is 
an opportunity for significant cardiovascular risk reduc-
tion. The recent ACCORD trial in persons with diabetes 
showed that the group achieving intensive blood pres-
sure control (199/64 mmHg vs. 133/70 mmHg) had no 
improvement in the composite endpoint of fatal and non-
fatal MI and nonfatal stroke (although stroke alone did 
show benefit), but increased serious adverse events such 
as syncope and hyperkalemia (15). This has called into 
question whether tight blood pressure control is appro-
priate in all diabetics. The following are recommenda-
tions from the ADA /AHA and JNC 8 (5,16,17,30):

 n Blood pressure goal < 140/80 (ADA and ESH).
 n Blood pressure goal < 130/< 80 mmHg for certain 

individuals such as younger patients (ADA).
 n Diastolic BP goal < 80 mmHg (ADA).
 n Lifestyle modifications for 3 months in individuals 

with systolic BP ≥ 120/80 mmHg.
 n Lifestyle modifications include: increased physical 

activity, weight loss, moderation of alcohol consump-
tion, and diet rich in potassium and low in sodium 
such as DASH diet (18).

 n Most patients will require at least 2 agents to meet 
BP goals.

 n If BP goals not met with 3 agents including a 
diuretic, consider secondary causes of hypertension.

 n Initial therapy should include ACE inhibitor or ARB.

tobacco use

The concomitant use of tobacco in patients with dia-
betes further increases their risk of microvascular and 
macrovascular diseases. Uniform identification of all 
tobacco users should be performed at each encounter, 
and smoking cessation counseling should be given to 
all patients (19).
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 n Tobacco use should be identified at all health care 
encounters.

 n All patients should be advised not to smoke.
 n Willingness to quit should be assessed.
 n Provider should provide assistance or referral for 

assistance for smoking cessation.

Exercise
Physical activity is considered integral in weight 
loss, weight maintenance, and glycemic control as 
well as for improvement in cardiovascular risk fac-
tors such as high blood pressure and lipids. Aerobic 
exercise improves insulin resistance and can be very 
helpful in glycemic control. Improvements are also 
seen in the lipid profile, particularly with triglyc-
eride lowering, smaller increases in HDL-C, and 
little change in LDL-C levels (20). Resistance train-
ing can improve body composition and potentially 
improve glycemic control (21). A combination of 
cardiorespiratory and resistance exercise is recom-
mended for patients with diabetes and is summa-
rized in Table 7.3 (21). Initially patients should start 
with low intensity exercise and then increase dura-
tion and intensity.

The following restrictions should be considered 
in patients with diabetic complications (5,21):

 n Diabetic retinopathy: Vigorous exercise may 
increase risk of vitreous hemorrhage or retinal detach-
ment in patients with proliferative diabetic retinopa-
thy or severe nonproliferative diabetic retinopathy.

 n Peripheral neuropathy: Proper footwear, vigilant 
surveillance for foot or skin injury, and non-weight-
bearing activities for those with injuries or sores.

 n Autonomic neuropathy: Patients with symptoms of 
autonomic neuropathy are at increased cardiovascular 

risk and should undergo cardiac evaluation prior to 
significantly intensifying their exercise regime.

 n Hyperglycemia: Patients with evidence of ketosis 
should avoid vigorous exercise. Otherwise patients 
may exercise.

 n Hypoglycemia: If pre-exercise glucose levels are 
< 100 mg/dL in patients taking insulin or insulin secre-
tagogues, they should ingest additional carbohydrates 
prior to exercise.

nutrition

Nutrition can play a key role in both the prevention 
and treatment of type 2 diabetes. Patients with pre-
diabetes or diabetes should be referred to a registered 
dietician for medical nutrition therapy. Reductions 
in HgA1c and LDL-C are seen in patients receiving 
medical nutrition therapy and are particularly suc-
cessful when performed over a longer period of time 
and in a multidisciplinary setting. The following are 
recommendations for individuals with diabetes (5,22):

 n Patients with diabetes or prediabetes should receive 
medical nutrition therapy.

 n Weight loss for those overweight or obese.
 n For weight loss low carbohydrate or low fat calorie 

restricted diets may be used (up to one year).
 n For patients on low carbohydrate diets, monitor 

lipid profiles, renal function, and protein intake (in 
patients with nephropathy) and adjust hypoglycemic 
therapy as needed.

 n Fat intake should be limited to:
 l Saturated fat < 7% of total calories
 l Dietary cholesterol < 200 mg/day
 l Minimal trans fat

Table 7.3 exercise Prescription for Patients with type 2 diabetes (20)

Mode of exercise Frequency Intensity Duration
Class and level of 

evidence

Cardiorespiratory  
(large-muscle activities)

3–7 d/week Moderate intensity
or:

150 min/week 1 (A)

Cardiorespiratory  
(large-muscle activities)

3 d/week vigorous intensity 90 m/week 1 (A)

resistance (large 
muscle group, multijoint 
exercises)

3 d/week Moderate to high intensity: 
2–4 reps of 8–10 reps at 
a weight that cannot be 
lifted > 8–10 times, with 
1–2-minute rest periods 
between sets

Source: Adapted from Marwick TH, Hordern MD, Miller T, et al. Exercise Training for Type 2 Diabetes Mellitus Impact on 
Cardiovascular risk. A Scientific Statement from the American Heart Association. Circulation. 2009;119:3244–3262.
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 n Two or more servings of fish per week.
 n No protein restriction in patients with diabetes 

and normal renal function (high-protein diets are not 
recommended).

 n Diet should include fruits, vegetables, whole grains, 
legumes, and low-fat milk.

 n Monitoring carbohydrate intake which may include 
utilizing glycemic index or carbohydrate counting.

 n Limit alcohol to ≤ 1 per day for women and ≤ 2  
for men.

 n No evidence for supplementation with vitamins, 
minerals, or chromium.

Glucose Control

Although the incidence of cardiovascular events 
increases as the A1C increases (18% increase in 
events for each 1% increase in HgA1c), tight gly-
cemic control has not been shown to reduce macro-
vascular complications significantly in patients with 
type 2 diabetes (2,23). Microvascular complications 

such as nephropathy, neuropathy, and retinopathy are 
improved with improved glycemic control (2,24). 
Macrovascular complications in patients with type 1 
diabetes, however, are improved with tighter glyce-
mic control (25). Several societies including the ACC, 
AHA, and ADA have advocated for a target HgA1c 
of < 7% in patients with type 2 diabetes. Tighter con-
trol may be appropriate for certain populations such as 
young or newly diagnosed patients and less stringent 
control such as < 8% may be suitable for those with 
multiple comorbidities such as cardiovascular disease 
or those at risk for hypoglycemia.

There are a host of agents used to treat type 2 
diabetes as noted in Table 7.4. Metformin is consid-
ered the first-line pharmacologic agent in the treat-
ment of type 2 diabetes, but second- and third-line 
agents should be individualized based on the risk/
benefit of each of the medications.  Thiazolidinediones 
(TZDs) include rosiglitazone and pioglitazone. In 
addition to improved glycemic control, these agents 
also can increase HDL-C, lower triglycerides, and, 
although the LDL levels may increase, they appear 

Table 7.4 Antiglycemic Medications

Drug/Class Mechanism Side effects

Sulfonylureas • Stimulate insulin secretion • Hypoglycemia
• Weight gain

Metformin (biguanide) • Decreases hepatic production 
of glucose
• Improves insulin sensitivity

• Risk of lactic acidosis (serum  
creatinine > 1.5 mg/dL)
• Avoid at time of iodinated contrast
• GI side effects especially diarrhea
• No weight gain

thiazolidinediones (tZds) • Peroxisome proliferator-activated 
receptor agonists
• Sensitize peripheral tissues to insulin
• Improved lipid profile

• Heart failure
• FDA restrictions for use 
of rosiglitazone

Α-Glucosidase Inhibitors (eg, 
Acarbose)

• Slows down absorption of glucose 
from intestine

• GI especially flatulence
• No hypoglycemia

Glinides (eg, repaglinide) • Increases insulin secretion • Hypoglycemia
• Weight gain

dipeptidyl Peptidase 
4 inhibitors (dPP-4 inhibitors) 
(eg, sitagliptin)

• Increased incretin action (increases 
insulin, decreases glucagon)

• Low risk of hypoglycemia
• No weight gain

glucagon-Like Peptide-1 
Agonists (gLP-1 receptor 
agonists) (eg, Exenatide)

• Increased incretin action (increases 
insulin, decreases glucagon)
• Delays gastric emptying

• Low risk of hypoglycemia
• Weight loss
• GI especial initial nausea and 
vomiting

Colesevelam • Bile acid sequestrant • Can increase triglycerides
• Constipation

Amsterdam_87864_PTR_07_063-070_9_26_14.indd   67 25/09/14   10:44 PM



68 ASPC MANUAL of PreveNtive CArdioLogy

to be larger and less dense. Most recently, the FDA 
relaxed the prescribing and monitoring restrictions 
that had been placed on rosiglitazone because of con-
cerns for increased cardiovascular risk. Patients on 
these drugs do need to be monitored for increase in 
edema. Alpha glucosidase inhibitors such as acarbose 
lower postprandial hyperglycemia and often cause 
weight loss. Meta-analysis of trials in patients with 
cardiovascular disease treated with acarbose showed 
significant reduction in cardiovascular events (25a). 
Most recently, incretin therapies including glucagon-
like peptide-1 (GLP-1) and dipeptidyl peptidase IV 
(DPP IV) inhibitors have been used for improved gly-
cemic control. Weight loss is seen with use of GLP-1 
agonists, and improved lipid profiles and blood pres-
sure are seen with GLP-1 and DPP IV therapies. 
Long-term cardiovascular benefits of these drugs are 
being evaluated in ongoing trials. Recommendations 
for glycemic control (5):

 n Hg A1C < 7%.
 n HgA1C < 6.5 may be reasonable in patients with-

out significant hypoglycemia, particularly with short 
duration of type 2 diabetes, long life expectancy, and 
no significant CAD.

 n HgA1C < 8% in those with history of severe hypogly-
cemia, short life expectancy, advances micro-or mac-
rovascular complications, or extensive comorbidities.

risk stratifiCation

In the DIAD study, there was evidence of occult CAD 
when asymptomatic diabetics were screened, but 
identification of these individuals by noninvasive test-
ing with myocardial perfusion scanning did not alter 
outcomes (26). This highlights the dilemma of when 
asymptomatic patients with diabetes should undergo 
evaluation for CAD. The guidelines for risk stratifica-
tion in asymptomatic diabetics vary by society’s rec-
ommendations. Evaluation for subclincial disease with 
coronary calcium scoring is considered a IIa indication 
in asymptomatic adults with diabetes 40 years of age 
and older (27). The evidence supporting performing 
stress testing in asymptomatic patients with diabetes is 
less strong, receiving a class IIb indication. There are 
special circumstances such as when patients with dia-
betes beginning a vigorous exercise program that may 
warrant further evaluation. Guidelines for stress test-
ing before exercise training in asymptomatic patients 
with diabetes are shown in Table 7.5 (21). Exercise, 
as opposed to pharmacologic, stress testing is the pre-
ferred mode when possible because of the additional 
prognostic data obtained, as well as the opportunity to 
provide the patient with an exercise prescription.

otHer tHeraPies/interventions

antiplatelet therapy

As with any therapy, the risk and benefits of the inter-
vention should be evaluated for each patient. More 
recent evidence suggests that aspirin is not recom-
mended for primary prevention in low-risk individu-
als. The ADA/AHA/ACCF have recommended the 
following (5,28):

 n Aspirin for primary prevention (75–162 mg)
 l 10-year CVD risk ≥10% (includes most men  

≥ 50 years and women ≥ 60 years with one addi-
tional risk factor including family history of 
CVD, hypertension, tobacco use, dyslipidemia, or 
albuminuria)

 l Not recommended for low-risk patients (10-year 
CVD risk less than 5%)

 l May be considered for those with diabetes 
at intermediate risk until further research is 
available

 n Aspirin for secondary prevention in all diabetics
 n Clopidogrel 75 mg daily in patients with CAD and 

documented aspirin allergy
 n Combination therapy with aspirin (75–162 mg/day) 

and clopidogrel (75 mg/day) for up to a year after 
acute coronary syndrome

Table 7.5 Stress testing Before exercise in 
Asymptomatic Patients with type 2 diabetes

Stress Testing Not 
Necessary (all Criteria 

Should be Present)

Stress Testing 
Recommended (if ≥ 1 

Criterion Present)

No clinical history 
of CAd

History of CAd; no 
stress test within past 
2 years

Asymptomatic Symptoms of chest  
discomfort or dyspnea

No evidence of PAd  
or Cvd

Clinical or laboratory 
evidence of PAd or  
cerebrovascular disease

eCg normal eCg evidence of  
infarction or ischemia

Light to moderate 
 exercise program

vigorous exercise 
program

Source: Marwick TH, Hordern MD, Miller T, et al. Exercise Training 
for type 2 diabetes Mellitus impact on Cardiovascular risk. 
A Scientific Statement from the American Heart Association. 
Circulation. 2009;119:3244–3262.
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immunizations

The following are recommendations for patients with 
diabetes (5):

 n Influenza:
 l Annual vaccination in all patients with diabetes 

over the age of 6 months
 n Pneumococcal:

 l All diabetic patients 2 years of age or older
 l Revaccination for individuals aged ≥ 65 if they 

were vaccinated before age 65 or if vaccination 
was more than 5 years ago

 l Revaccination in patients with nephrotic syn-
drome, chronic renal disease, or transplantation

 n Hepatitis B:
 l All diabetic patients aged 19–59 years
 l Consider in patients ≥ 60 years

bariatric surgery

In a recent meta-analysis, there is normalization of glu-
cose levels in 78% of patients undergoing bariatric sur-
gery and therefore may be an alternative in those unable 
to attain weight reduction with lifestyle changes (29). 
Bariatric surgery is an option in patients with diabetes 
and significant obesity (≥ 35 kg/m2) when lifestyle and 
pharmacologic therapies are not adequate (5).

suMMary

With the increasing incidence of diabetes and the higher 
risk of cardiovascular disease in patients with diabetes, 
there are ample opportunities for the health care provider 
to improve outcomes in these at-risk patients. As seen in 
the STENO-2 trial, aggressive treatment of diabetes and 
cardiovascular risk factors including hypertension and 
dyslipidemia resulted in a significant reduction in car-
diovascular morbidity and mortality. Identification and 
treatment of risk factors, lifestyle counseling including 
exercise and nutrition therapy, and close follow-up of 
patients with diabetes are keys to reducing cardiovascu-
lar events. In addition, identification of prediabetics with 
a focus on lifestyle changes and risk factor modification 
can help reduce the increasing burden of diabetes.
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The United States remains in the grip of a grow-
ing obesity epidemic. In 1962, 13% of the popula-
tion was overweight; within 50 years the number 
had increased to 33%. Being overweight or obese 
is the second leading preventable cause of death in 
the United States, and can be attributed to at least 
4% of deaths annually. Physical activity is the most 
important tool in losing and/or maintaining healthy 
weight. It is important for patients to not only exer-
cise in the traditional sense (eg, going to the gym) 
but to increase their daily incidental physical activity 
(eg, walking or climbing stairs) whenever possible. 
Even today, there remain countless societal barriers 
and misconceptions about physical activity and exer-
cise. It is important for physicians to recognize what 
barriers are present in each individual’s everyday life 
and work with them to develop a routine of physical 
activity that promotes weight loss and improves his 
lifestyle.

The heaviest Americans continue to grow 
heavier and more join their ranks. According to the 
2009–2010 National Health and Nutrition Examination 
Survey (NHANES), 35.7% of U.S. adults were obese 
and over 30% were overweight (22). These  numbers 
are staggering; half of our country’s population lies 
in the unhealthy weight range. Even more shocking 
are the numbers for children (Table 8.1), showing that 
children are headed down the same path to  obesity as 
their parents, with half of the country’s children being 
overweight or obese (23). Evidence shows that obese 

children are more likely to be obese adults than chil-
dren of normal weight. Once a rare occurrence, more 
and more children are being diagnosed with prediabe-
tes and type 2 diabetes and many go undiagnosed.

Over the past century and especially the past 
50 years, an accrual of epidemiological evidence has 
established that the unintended consequence of human-
kind’s predilection for labor-saving is an  epidemic 
of hypokinetically induced cardiovascular disease, 
morbidity, and mortality. Recommendations for both 
casual and arranged physical activity (duration, inten-
sity, and frequency) are outlined with a focus on simu-
lating the routine physical activities and increasing 
energy expenditure similar to our ancestors, whose 
genome we still largely share today.  Furthermore, 
this chapter reviews the evolution and epidemiology 
of obesity and current ACC/AHA guidelines for the 
evaluation and management of obesity.

EvOlutiOn Of ObEsity

A large proportion of the chronic diseases beleaguer-
ing modern cultures are because of daily physical 
activity patterns that are profoundly different from 
those for which we are genetically adapted. The 
ancestral natural environment in which our current 
genome was forged via natural selection called for a 
large amount of daily energy expenditure for living. 
The environmental demands of survival necessitated 

Rohini J. Patel, MPH and  
Stanley Bassin, EdD

Amsterdam_87864_PTR_08_071-084_9_26_14.indd   71 30/09/14   2:29 PM



72 ASPC MANUAL of PreveNtive CArdioLogy

prodigious amounts of physical exertion. Twenty-first 
century humans are now immersed within an environ-
ment explicitly designed to eliminate physical labor 
through labor-saving devices such as household appli-
ances, elevators instead of stairs, and high technology 
communication.

Table 8.2 demonstrates that obesity does not 
affect every American in the same way. The most 
obese states are in the South and Midwest while 
the least obese states are in the Northeast and West. 
Evidence also shows that obesity prevalence is dis-
proportionately greater in blacks, Hispanics, and 
the socioeconomically disadvantaged compared to 
whites, Asians, and the wealthy (24). Nevertheless, 49 
of 50 states have over 20% obesity and the problem 
continues to grow across the board (Figure 8.1) (31).

Although obesity is a risk factor for insulin 
resistance and type 2 diabetes, and a significant risk 
factor for CVD, not every obese patient is insulin 
resistant or at high risk of diabetes and CVD (32). 
This explains why obesity has been an ill-defined 
 modifiable CVD risk factor compared with oth-
ers such as hypertension, smoking, and cholesterol 
(high low-density lipoprotein [LDL]/low HDL). 
But, for any given amount of total body fat, the 
subgroup of  individuals with a selective excess of 
intra- abdominal, or visceral, adipose tissue is at 
substantially higher risk of being characterized by 
insulin resistance and by the features of metabolic 
syndrome (33–34).

thE COst Of ObEsity

Overweight and obese individuals are more likely 
to develop chronic disease risk factors, such as high 
blood pressure and dyslipidaemia, which develop 

Table 8.2 top and Bottom 10 U.S. States by obesity

2011 Rank State % Obese

Top States

1 Mississippi 34.5

2 Alabama 33.0

3 West virginia 32.9

4 tennessee 31.7

5 Kentucky 31.8

6 Louisiana 31.7

7 oklahoma 31.3

8 South Carolina 32.0

9 Arkansas 30.9

10 Michigan 31.7

bottom States

42 rhode island 26.0

43 New Jersey 24.8

44 Montana 23.5

45 vermont 23.9

46 Utah 23.0

47 Hawaii 23.1

48 Massachusetts 23.6

49 Connecticut 23.0

50 district of Columbia 23.7

51 Colorado 21.4

Note: geographical data demonstrates obesity linkage to 
Stroke Belt States
Source: Healthiest State rankings: Hawaii tops 2013 List. 
2013. http://www.huffingtonpost.com/2013/12/11/healthi-
eststate- rankings_n_4412574.html

Table 8.1 Prevalence of Childhood overweight and 
obesity in the United States

% Overweight Obese

Total Sample 33.6 17.1

White 33.5 16.3

black 35.1 20.0

Hispanic 37.0 19.2

Note: data collected in 2006, current data reflects similar 
findings
Sources: ogden CL, Carroll Md, Curtin Lr, et al. Prevalence 
of high body mass index in US children and adolescents, 
2007–2008. JAMA. 2010;303:249–9.

into chronic diseases, such as type 2 diabetes, heart 
disease, osteoarthritis, and some cancers (9). Fur-
thermore, overweight or obese individuals can expe-
rience complications during pregnancy and even die 
at an earlier age (9). Medicare and Medicaid paid for 
approximately one-half of obesity-attributed medical 
expenditures in 2003 (4). If rates continue to increase 
at their current levels, health care costs attributable 
to obesity are expected to be $344 billion in 2018 or 
over 11% of the gross domestic product. Health care is 
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Table 8.3 top 10 obesity Costs for U.S. Metro Areas

Metropolitan area % Obese Obesity Cost

New York, NY 21.5 $5,858,908,774

los angeles, Ca 20.3 $3,734,811,237

Chicago, Il 24.8 $3,395,276,300

Dallas, TX 25.9 $2,386,333,235

Houston, TX 26.1 $2,188,391,505

Philadelphia, Pa 25.0 $2,132,158,027

atlanta, Ga 23.2 $1,815,186,415

Detroit, MI 27.0 $1,698,978,098

boston, Ma 21.0 $1,377,016,981

baltimore, MD 27.4 $1,053,605,650

Source: More than 15% obese in Nearly All U.S. Metora 
Areas. 2012. http://www.gallup.com/poll/153143/obese 
nearly-metro-areas.aspx

Table 8.4 obesity Attributable Health Care Spending 
($/Adult) top and Bottom five U.S. States

State 2008 Cost

least Cost

Colorado $235

Connecticut $279

Virginia $327

Massachusetts $296

Rhode Island $293

Most Cost

Oklahoma $417

Ohio $433

Kentucky $433

Mississippi $441

Missouri $450

Source: Cost of obesity report. http://www.fightchron-
icdisease.org/sites/fightchronicdisease.org/files/docs/
Costofobesityreport-fiNAL.pdf

FIGuRe 8.1 obesity prevalence in U.S. adults 2009 dark gray: 15%–19%, light gray: 20%–24%, medium gray: 
25%–29%, cross-hatch: ≥ 30%.
Source: ogden CL Carroll Md, Kit BK, et al. Prevalence of obesity in the United States, 2009–2010. NCHS data Brief No, 82. January 2012.

(*BMI>_30, or ~ 30 lbs. overwelght for 5' 4" person)

rising at a rate of 2.1% greater than the average annual 
national GDP growth.

Table 8.3 illustrates how much money metro-
politan areas could be saving if we reduced the rate of 
obesity (30). Obesity costs more in areas with higher 
costs of living, even if the relative prevalence of 

obesity is low. Table 8.4 demonstrates that the leaner 
states spend the least on obesity per capita, whereas 
the weightier states spend almost twice as much (30).
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the tape measure and record the waist circumference 
in inches. In addition, ensure the tape is snug but does 
not push tightly into the skin and measure waist cir-
cumference after breathing out normally; do not “suck 
in” the stomach (Figure 8.3) (3). Furthermore, patients 
can attest to surrogate measures of body composition. 

MEAsurEs Of ObEsity

body Mass index

Body mass index (BMI) is the most commonly misused 
obesity diagnostic measure in doctors’ offices. BMI 
was not meant to be used as a diagnostic tool because 
gauging a patient’s obesity and health risk requires a 
careful look at their body composition. Nonetheless, 
BMI is a useful measure when studying populations or 
when screening patients for obesity. When weighing a 
patient, it is important to calibrate the scale monthly to 
be certain the weight is not inadvertently over- or under-
estimated. Patients should be weighed with as little 
clothing as possible, and each time the patient is seen in 
the office, they should be weighed in exactly the same 
manner. Figure 8.2 is the body mass index calculator 
and has been controversial due to the arbitrary nature 
of BMI category cutoffs. For example, it is possible that 
a healthy weight individual will be classified as over-
weight because she has a large bone and muscle mass.

Waist Circumference

Abdominal adiposity is a contributor to cardiovascular 
disease risk and metabolic syndrome. It is  important 
to screen patients using a simple measure, such as 
waist circumference, because it directly measures how 
much fat is stored around the abdomen. Waist circum-
ference is measured in the following way: locate the 
top of the hip bone, place the tape measure evenly 
around the bare abdomen at the level of this bone, read 

FIGuRe 8.2 Body mass index calculator.
Source: J.S. garrow and W. J. Quetelet’s index (W/H2) as a measure of fatness. international Journal of obesity 1985;9:147–153.

WEIGHT  Ibs 100 105 110 115 120 125 130 135 140 145 150 155 160 165 170 175 180 185 190 195 200 205 210 215
                kgs 45.5 47.7 50.0 52.3 54.5 56.8 59.1 61.4 63.6 65.9 68.2 70.5 72.7 75.0 77.3 79.5 81.8  84.1 86.4 88.6 90.9 93.2 95.5 97.7

WEIGHT in/cm            Underweight                      Healthy                             Overweight                        Obese                       Extremely obese

5'0''   -  152.4 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42

5'1''   -  154.9 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 36 37 38 39 40

5'2''   -  157.4 18 19 20 21 22 22 23 24 25 26 27 28 29 30 31 32 33 33 34 35 36 36 37 38

5'3''   -  160.0 17 18 19 20 21 22 23 24 24 25 26 27 28 29 30 31 32 32 33 34 35 36 37 38

5'4''   -  162.5 17 18 18 19 20 21 22 23 24 24 25 26 27 28 29 30 31 31 32 33 34 35 36 37

5'5''   -  165.1 16 17 18 19 20 20 21 22 23 24 25 25 26 27 28 29 30 30 31 32 33 34 35 35

5'6''   -  167.6 16 17 17 18 19 20 21 21 22 22 24 25 25 26 27 28 29 29 30 31 32 33 34 34

5'7''   -  170.1 15 16 17 18 18 19 20 21 22 22 23 24 25 25 26 27 28 29 29 30 31 32 33 33

5'8''   -  172.7 15 16 16 17 18 19 19 20 21 22 22 23 24 25 25 26 27 28 28 29 30 31 32 33

5'9''   -  175.2 14 15 16 17 17 18 19 20 20 21 22 22 23 24 25 25 26 27 28 28 29 30 31 31

5'10'' -  177.8 14 15 15 16 17 18 18 19 20 20 21 22 23 23 24 25 25 26 27 28 28 29 30 30

5'11'' -  180.3 13 14 15 16 16 17 18 18 19 20 21 21 22 23 23 24 25 25 26 27 28 28 29 30

6'0''   -  182.8 13 14 14 15 16 17 17 18 19 19 20 21 21 22 23 23 24 25 25 26 27 27 28 28

6'1''   -  185.4 13 13 14 15 15 16 17 17 18 19 19 20 21 21 22 23 23 24 25 25 26 27 27 28

6'2''   -  187.9 12 13 14 14 15 16 16 17 18 18 19 19 20 21 21 22 23 23 24 25 25 26 27 27

6'3''   -  190.5 12 13 13 14 15 15 16 16 17 18 18 19 20 20 21 21 22 23 23 24 25 25 26 26

6'4''   -  193.0 12 12 13 14 14 15 15 16 17 17 18 18 19 20 20 21 22 22 23 23 24 25 25 26

FIGuRe 8.3 Measuring tape position for measuring 
waist circumference.
Source: Waist circumference. McKinley Health Center. University 
of illinois at Urbana-Champaign. 2009. http://www.mckinley 
.illinois.edu/handouts/pdfs/waist_circumference.pdf

Measuring Tape
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higher risk of CHD (17). A similar analysis using 
the Nurses’ Health Study determined a linear rela-
tionship between BMI and CHD (18). The Women’s 
Health Initiative found that in both white and black 
women, overweight and obese women were associ-
ated with CHD incidence (19).

The Framingham Heart Study, which followed 
over 5,000 individuals for over 40 years linked CVD 
risk to obesity. Analysis of Framingham data showed 
that obesity increased an individual’s risk for not only 
CVD, but also risk factors such as diabetes, hyperten-
sion, and hypercholesterolemia (20). Finally, a study 
of 17,000 nurses established that nurses who were 
obese at around 50 years of age were approximately 
79% less likely to be healthy by 70 years of age (21).

According to the HOPE Study, men and women 
in the highest tertile of waist circumference have a 
29% greater risk of CVD mortality compared to the 
lowest tertile. Abdominal obesity is independently 
associated with CVD (Figure 8.4). The endocrine 
activity of abdominal fat cells can cause dyslipidemia, 
hypertension, glucose intolerance, and insulin resis-
tance, all of which contribute to cardiometabolic risk. 
Intra-abdominal adipocytes are more akin to endo-
crine organs than storage cells.

PhysiCAl ACtivity COunsEling:  
A WEighty PrOblEM

Currently, physical activity counseling by physicians is 
meager in the United States for many well-known rea-
sons (Figure 8.5). Lack of effort has been a contributing 
factor to our national weight problem. As a physician, 
do you feel comfortable counseling the families of obese 
children or adults on what physical activity modifica-
tions are safe for them to implement in order to increase 
energy expenditure? The treatment theme that has been 
most successful is one of energy balance. Increasing 
energy expenditure and reducing energy intake should 
be the patient’s goal. Increasing incidental physical 
activity in conjunction with recommended physical 
activity programs is the recommended approach. The 
hard work can be accomplished by reduced energy 
intake through moderating sedentary activity, portion 
size, sweetened beverages, and snacking. Reducing 
energy intake includes energy intake while watching 
TV or using the computer or mobile devices is a neces-
sity. Decrease sedentary activity to 3 hours or less per 
day (excluding work). Furthermore, limiting “screen 
time” to 3 hours daily (excluding work) may be benefi-
cial as research has shown that Americans now spend 
most of their screen time with the computer and mobile 
devices rather than the TV (25).

Patients losing weight will notice changes in their 
clothes related to waist circumference. Men will need 
to use more notches on their belt. Women will notice 
clothing feeling looser on their hips and thighs.

According to the U.S. Department of Heath and 
Human Services (HHS) the following individuals are at 
increased risk for developing chronic diseases: women 
with a waist circumference more than 35 inches and 
men with a waist circumference of more than 40 inches. 
However, the World Health Organization, due to recent 
research findings, has  recommended lower thresholds 
for waist circumference for Asian populations. There-
fore, those at increased risk for developing chronic dis-
ease include Asian women with a waist circumference 
of more than 31 inches and Asian men with a waist cir-
cumference of more than 35 inches.

The evaluation of body composition offers quan-
tification of the body’s major structural components. 
Because there are marked age and sex differences in 
body composition there are more or less complicated 
measures to obtain body density. The three most popu-
lar and indirect methods are hydrostatic weighing, 
prediction methods from skinfolds and circumfer-
ences, and bioelectrical impedance (BIA). Dual energy 
x-ray absorptiometry (DEXA) is considered very safe 
because the low-dose radiation requires virtually no 
cooperation from the patient and has been considered 
the highest standard today. All of them have limita-
tions, but for research purposes a combination of all 
four methods would be the “gold standard” (35–36).

ObEsity And hEArt disEAsE

The Framingham risk score is used to identify high-risk 
individuals, defined by a 10-year risk greater than 20% 
(13–15). However, Framingham risk assessment does 
not include measures of obesity and therefore surrogate 
risk measures including BMI and waist circumference 
are analyzed. Obesity measures based on BMI are cat-
egorized in three classes: BMI of 30 to 34.9 is class 
I, BMI of 35 to 39.9 is class II, and BMI ≥ 40 is class 
III. Waist circumference measurements are categorized 
differently with cut points indicating greater risk for 
diabetes, hypertension, dyslipidemia, and CVD. These 
cut points are > 102 cm in men and > 88 cm in women. 
Both BMI and waist circumference have been associ-
ated with type 2 diabetes and obesity alone has been 
shown to double the risk of heart failure (16).

A study with over 130,000 participants over 
the course of nine years assessed the relationship 
between BMI and CHD incidence and found that 
even after adjustment for standard risk factors, a 
unit increase in BMI was correlated with a 14% 
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FIGuRe 8.4 the HoPe Study.
Source: gr1 dagenais, Q. yi, J. f. Mann, J. Bosch , J. Pogue, and S. yusuf,  Prognostic impact of body weight and abdominal obesity 
in women and men with cardiovascular disease. Am Heart J. 2005;Jan;14954-60.
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lifestyle expertise, but can be the coach in improving 
the patient’s health. Evocation involves focusing on the 
behavior change the patient is willing to do and provid-
ing continuous personal reinforcement. Additionally, 
evocation elicits the patient’s ideas about change in his 
life and builds a time and a timetable regarding his daily 
incidental and recommended physical activity. Finally, 
autonomy deals with reinforcing ultimately any healthy 
behavior as a step toward the goal and accepting that the 
patient may not choose to change at this time. Finally, 
physicians should be aware of recommending physical 
activity just as they might prescribe a drug; patient edu-
cation has to be provided by the physician to her staff 
and the patient (Table 8.5).

MOtivAtiOnAl intErviEWing

The goal of Motivational Interviewing (MI) is to 
improve healthy habits overall by focusing on a vigor-
ous lifestyle that features healthy eating and physical 
activity (26). One example, treatment spirit, is defined 
by engaging your patient using collaboration, evoca-
tion, and autonomy. Collaboration includes acting as the 
patient’s guide on the journey to a physically active life, 
as well as exploring and supporting what the patient can 
and is willing to accomplish. Collaborators must avoid 
persuasion and be open to ideas from the patient as well 
as be willing to negotiate with the patient in order for 
her to set her own goals. The clinician generally lacks 

FIGuRe 8.5 Percentage of physician counseling time by topic.
Source: B.M. Pinto , M.g. goldstein , J.d. dePue , and f.B. Milan. Acceptability and feasibility of physician-based activity counseling. 
the PAL Project. Am J Prev Med. 1998;15:95–102.
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Putting tOgEthEr A PrOgrAM fOr 
yOur PAtiEnt

The following seven steps are the procedure for creat-
ing an energy expenditure program for your patient.

 n Step 1: Obtain history from childhood to today 
of their perceived body weight including a Physical 
Activity Readiness Questionnaire. Additionally, con-
sider how much time she can set aside for daily activ-
ity for energy expenditure and what activities she 
enjoys presently.

 n Step 2: Set body weight goals first and clothes size later 
with the patient during your appointment/counseling and 
develop rapport and a sense of trust.

 n Step 3: Select activities, incidental and treatment, 
that the patient would have accessibility to and be able 
to enjoy, increasing energy expenditure.

 n Step 4: Set targets for each activity including focus-
ing on increasing energy expenditure.

 n Step 5: Review the goals that were established by 
what the patient was willing to undertake and rein-
force accomplishments and achievement and think 
about raising the bar for the next visit by increasing 
duration, frequency, and intensity.

 n Step 6: Begin the obesity reduction program by giv-
ing the patient a pedometer to record walking energy 
expenditure per day.

 n Step 7: The patient will record activity, return the 
log, and assess the progress in the next appointment.

 n Step 8: Review patient body weight and counsel 
patient’s progress on meeting goals.

Table 8.5 Comparison of exercise and Medication

Parameter exercise Drugs

Type Aerobic, anaerobic, stretch, relaxation, 
flexibility, coordination, toning

Antibiotics, analgesics, anti-inflammatories, 
sedatives, antidepressants, hormones

Frequency 1–3 times/day, 7 days a week 1–3 times/day, 7 days a week

Duration Lifetime Short-term or lifetime

Time of Day various various

Contraindications illness, pain Allergy, rash, polypharmacy, other diseases

Side effects overuse injuries to muscles, tendons, or 
ligaments; joint injury; fatigue

organ damage, anemia, gastrointestinal 
symptoms, drowsiness, etc.

Patient education required required

Compliance variable variable

Source: Nieman dC. exercise testing and Prescription A Health related Approach. 4th ed. 1999. Mayfield. Mountain view 
California

Patient recommendations include ideas for 
incidental activity, for example, parking far away, tak-
ing the stairs, avoiding valet service, and getting off 
the bus earlier and walking the remainder of the way. 
Dosage must be assessed carefully; take baby steps at 
first and increase intensity from the baseline. A good 
measure of intensity and perceived exertion is whether 
the patient can carry on a conversation or count out 
loud. If he cannot, he needs to decrease intensity of 
the activity until he can. Duration can be altered by 
increased physical activity time if the patient pre-
fers, up to 60 minutes per day, 6 days per week. The 
patient can perform these activities in separate blocks 
of time as long as the total time amounts to 60 minutes 
per day. Furthermore, age; gender; behavior such as 
lifestyle, habits, and schedules (work/home); family/
community barriers; risks; cardiovascular health; and 
musculoskeletal status must be assessed.

An assessment of baseline activity and physical 
condition can be done through PAR-Q, questionnaire, 
surveys, and the Bruce protocol stress test. The Bruce 
protocol stress test includes heart rate and rating of 
perceived exertion, which are taken every minute 
and blood pressure every three minutes (Table 8.6). 
The test has been modified for sedentary and elderly 
patients and can be cross- referenced with target heart 
rate by age (Figure 8.6). It begins at a lower workload 
compared to the standard test. Here, the first level is 
performed at 0% incline and 2.74 km/h. The second 
level is done at 5% incline and 2.74 km/h. The third 
level matches the first level of the Standard Bruce Pro-
tocol Test (10% incline).
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Table 8.6 Bruce Protocol (Maximal) Stress test for 
treadmill

Stage Minutes % Grade Km/h MPH MeTS

1 3 10 2.7 1.7 4

2 6 12 4 2.5 6.6

3 9 14 5.4 3.4 9.1

4 12 16 6.7 4.2 12.9

5 15 18 8 5 15

6 18 20 8.8 5.5 16.9

7 21 22 9.6 6 19.1

Source: Nieman dC. exercise testing and Prescription A 
Health related Approach. 4th ed. 1999. Mayfield., Mountain 
view California

FIGuRe 8.6 Longitudinal examination of age-predicted symptom-limited exercise maximum heart rate, target heart 
rates by age.
Source: W.r. thompson, N.f. gordon, and L.S. Pescatello, American College of Sports Medicine. ACSM’s Guidelines for Exercise 
Testing. 8th ed. Philadelphia: Lippincott Williams & Wilkins. 2010.
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Assessment of appropriate physical activity 
can also be divided by visual and behavioral. Visual 
includes observation of how clothing fits, distribu-
tion of fat, and posture. Ask about body fat loss and if 
female clothing size has changed and for males, if belt 

size has changed. In addition, develop a framework 
for qualitative assessment. Behavioral assessment 
involves patients setting specific, reasonable, and 
attainable goals. Goals should stem from the idea of 
becoming more healthy as a facet of improving over-
all lifestyle (Figure 8.7).

Monitoring the patient involves weigh-
ing the patient at every visit. Waist circumference 
should be measured bimonthly and patient logs kept 
(Table 8.7). Some body composition changes should 
be expected within 3 months. If they are compliant, 
there should be an 8–12 lb. (about a pound a week) 
weight loss within 3 months, especially a reduction 
in abdominal obesity. The patient’s clothes should 
feel looser at the waist area. If the patient is los-
ing considerably more, then a thorough inquiry is 
suggested.

Barriers will exist and patients should reduce 
and perhaps eliminate contributors to a sedentary life-
style (TV, computers, elevators). Additionally, take 
note that family, friends, and work associates, may 
not understand a patient’s desire to be more physically 
active. Figure 8.8 includes examples of activities in 
which patients should partake.
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Does the patient
have 2 or more CVD

risk factors?

No

Begin program

Yes

Conduct stress test

Is the patient safely
and steadily losing

weight? 

Yes

Continue program

Is the patient experiencing
excessive fatigue, loss of
interest, musculoskeletal

injury, or excessive
soreness?  

No Yes

Reduce intensity
or duration

No

Reevaluate; change
activity, duration, or

intensity 

FIGuRe 8.7 Assessment of appropriate physical activity.
Source: W.r. thompson, N.f. gordon, and L.S. Pescatello, American College of Sports Medicine. ACSM’s Guidelines for Exercise 
Testing. 8th ed. Philadelphia: Lippincott Williams & Wilkins. 2010.

Adjusting thE PrOgrAM

In children and young adults, the Young Finns Study 
(n = 2,358 aged 9–24) showed level of physical activ-
ity positively related to HDL-C and negatively associ-
ated with triglycerides, Apo lipoprotein B, and insulin 
levels in males (but only triglycerides in females) 
(27). The Pawtucket Heart Study showed estimated 
maximal oxygen consumption and self-reported 
physical activity related to blood pressure, BMI, and 
HDL-C (28). A study of 3,331 Japanese men showed 
frequency of physical activity related to HDL-C and 
number of risk factors: those who exercised 1, 2, and 
≥ 3 days per week had 1.38, 1.19, and 0.99 risk factors 
(28). The PEPI study showed in 851 postmenopausal 
women self-reported physical activity positively asso-
ciated with HDL-C and inversely related to insulin 
and fibrinogen (29). Figure 8.9 gives the ACSM evi-
dence categories.

Adaptability and adjustments include some-
thing the patient enjoys that can be made progres-
sively more or less intense. Progressively overload to 

increase intensity and reduce the load to reduce inten-
sity. Intensity can be characterized using qualitative 
terms such as light, moderate, hard, or strenuous. Esti-
mated energy expenditure can be calculated in meta-
bolic equivalents (METS), a ratio of the metabolic 
rate during activity to resting metabolic rate: vigor-
ous work-related activities (lifting heavy loads, heavy 
construction) 8.0, jogging, running, cross-country 
skiing 8.0, swimming, other vigorous water activities 
6.0, less strenuous home maintenance, gardening 5.0, 
and bowling or golf 3.5. Direct monitoring requires 
behavioral observation or the use of mechanical or 
electronic devices, or physiologic measures such as 
calorimetry. Self-reporting techniques include diaries 
detailing physical activity in a given period, logs pro-
viding a record of specific activities, recalling surveys 
useful in large populations, retrospective quantitative 
history, and global self-reports. Finally, frequency 
of contact includes face-to-face contact at least once 
every 2 months to ensure progress and long-term fol-
low up via phone with doctor or nurse including vid-
eoconferencing if possible (eg, Skype/FaceTime).
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Table 8.7 example Walking Schedule

Week Workout 1 Workout 2 Workout 3

1 Slow five-minute warm-up walk. 
then alternate 60 seconds of 
moderate and 90 seconds of 
fast walking for a total of  
20 minutes.

Slow 10-minute warm-up walk. 
then alternate ten minutes of 
brisk walking for a total of  
30 minutes.

Slow 10-minute warm-up walk. 
then 15 minutes of  moderate 
walking, 20 minutes of brisk 
walking for a total of  
45 minutes.

2 Slow five-minute warm-up walk. 
then alternate 60 seconds of 
moderate and two minutes of 
fast walking for a total of  
20 minutes.

Slow 10-minute warm-up walk. 
then alternate ten minutes of 
brisk walking for a total of  
30 minutes.

Slow 10-minute warm-up walk. 
then 15 minutes of moderate 
walking and 25 minutes of brisk 
walking for a total of  
50 minutes.

3 Slow five-minute warm-up walk, 
then do two repetitions of the 
following:
• Moderate walk for 90 seconds
• Brisk walk for 90 seconds
• Brisk walk for 3 minutes
• Moderate walk for three 
minutes
total 20 minutes

Slow 10-minute warm-up walk, 
18 minutes of moderate walk-
ing, 12 minutes of brisk walking. 
total 40 minutes

Slow 10-minute warm-up walk, 
then 20 minutes of moderate 
walking followed by 30 minutes 
of brisk walking. total 60 
minutes.

4 repeat above schedule for the 
rest of the week

repeat last schedule repeat last schedule for the 
next 4 sessions

5 Walk 1.5 miles at own pace Walk 3 miles at own pace

6 Walk 2 miles at own pace Walk 3.5 miles at own pace

7 Walk 2 miles at own pace repeat last schedule

8 Walk 2.5 miles at own pace Walk four miles

9 Walk 2.5 miles at own pace the final workout! 
Congratulations!

Note: effective Walking Program 
Source: Nieman dC. exercise testing and Prescription A Health related Approach. 4th ed. 1999. Mayfield. Mountain view 
California

deconditioning

Getting back on track is important because even a few 
weeks’ break can reduce flexibility, strength, and endur-
ance. Some patients overdo it when they resume either 
due to guilt or perceived strength. Patients should begin 
reconditioning if they have been away from their pro-
gram for longer than 2 weeks (age, gender) by returning 
to the approximate range of 40–60% of their intensity 
when the program was discontinued. Add 10–15% each 
week until she reaches the threshold when she discon-
tinued. Delayed onset muscle soreness is to be expected 
when resuming a program. For travel, the ACSM has 
several recommendations (1). Exercise in the vicinity of 
your lodging or hotel; ask staff for running routes, how-
ever, always be careful in unfamiliar areas. Addition-
ally, pack equipment such as resistance bands and jump 

ropes, plan extra time for exercise, take colleagues out 
for a walk for business meetings, and walk and stretch on 
airplanes/buses and in the airport. AAOS Safety Guide-
lines include using proper equipment, balanced fitness, 
warm up, stretch, take time, drink water, cool down, and 
rest (2). First-aid techniques include resting the injury; 
icing it to lessen swelling, bleeding, and inflammation; 
applying a compression bandage to limit swelling; and 
elevating the injury above heart level to reduce swelling. 

AhA And ACC guidElinEs  
fOr MAnAgEMEnt Of ObEsity

The 2013 AHA and ACC recommendations include 
that all Americans should engage in regular physical 
activity at a level appropriate to their capacity, needs, 

Amsterdam_87864_PTR_08_071-084_9_26_14.indd   80 30/09/14   2:29 PM



8: ASSeSSMeNt ANd MANAgeMeNt of oBeSity  81

and interests. Regular physical activity has been 
shown to improve both lipid levels and blood pres-
sure. It is recommended for individuals to engage in 
aerobic activity 3 to 4 times a week, with each session 
lasting approximately 40 minutes at moderate to vig-
orous level intensity (11,12). In addition, overweight 
and obese adults should participate in 6 months of 

increased physical activity until weight loss main-
tenance is achieved, which transitions into 200–300 
minutes of physical activity each week (11,12).

 Several strategies exist for weight loss includ-
ing dietary changes to decrease both food and calorie 
intake. The first option is a 1,200 to 1,500 kcal/day 
diet for women and 1,500 to 1,800 kcal/day diet for 

FIGuRe 8.9 ACSM evidence categories.
Source: W.r. thompson, N.f. gordon, and L.S. Pescatello, American College of Sports Medicine. ACSM’s Guidelines for Exercise 
Testing. 8th ed. Philadelphia: Lippincott Williams & Wilkins. 2010.

FIGuRe 8.8 exercise pyramid. Proportion of physical activity dedicated to each category.
Source: W.r. thompson, N.f. gordon, and L.S. Pescatello, American College of Sports Medicine. ACSM’s Guidelines for Exercise 
Testing. 8th ed. Philadelphia: Lippincott Williams & Wilkins. 2010.

SEDENTARY ACTIVITIES

STRENGTH TRAINING
2–3 days per week
(all major muscle groups)
Biceps curls, push-ups, abdominal curls,
bench press, calf raises

MODERATE-INTENSITY PHYSICAL ACTIVITY
Most days–preferably every day
(about 30 minutes)

CARDIORESPIRATORY
ENDURANCE EXERCISE
3–5 days per week (20–60 minutes)

FLEXIBILITY TRAINING
  2 or more days per week (all major joints)
      Calf stretch,
         side lunge, step stretch,
             hurdler stretch

Walking, jogging, bicycling,
   swimming, aerobic dancing,
     in-line skating, cross-country
        skiing, dancing, basketball

   Walking to the store or bank
   Washing windows or your car
  Climbing stairs
  Working in your yard
 Walking your dog
Cleaning your room

Do infrequently

Watching television
Surfing the Internet
Talking on the telephone
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high-intensity interventions for over 14 sessions in 
six months either individually or in a group (11,12). 
Third, weight loss programs by a trained interven-
tionist can be delivered either electronically or over 
a phone. However, these mediums result in smaller 
weight loss than person-to-person sessions. Commer-
cial-based programs can be followed as well as long as 
their safety and efficacy can be proven through peer-
reviewed evidence. Fifth, extremely low calorie diets of 
less than 800 kcal/day can only be administered under 
limited circumstances and when the individuals will 

men (11,12). The second option is a general reduc-
tion in kcal/day by either 500 for women or 750 for 
men (11,12). The final option is to follow an evidence-
based diet to reduce high-carbohydrate, low-fiber, or 
high-fat foods (11,12).

Furthermore, several lifestyle interventions 
and counseling options exist as well. Patients should 
be advised to participate in comprehensive lifestyle 
programs for greater than six months that follow low-
calorie diets and increased physical activity by behav-
ioral strategies (11,12). A second option includes 

FIGuRe 8.10 treatment algorithm for overweight and obese patients.
Source: M.d. Jensen, d.H. ryan, C.M. Apovian, C.M. Loria, J.d. Ard, B.e. Millen, et al. 2013 AHA/ACC/toS guideline for the  
management of overweight and obesity in adults. J Am Coll Cardiol. (2013), figure 1 on page 19. doi: 10.1016/j.jacc.2013.11.004.

Patient
encounter

(See Box 1)

Measure weight,
height; calculate

BMI
(See Box 2)

Measure weight
and calculate BMI
annually or more

frequently
(See Box 17)

Advise to
avoid weight gain;
address and treat
other risk factors

(See Box 17)

No
BMI 18.5- < 25

No, insufficient risk

BMI 25 < 30 (overweight)
or 30 < 35 (class l obese)
or 35 < 40 (class ll obese)
or >_ 40 (class lll obese)

(See Box 3)

Assess need to
lose weight:

BMI >_ 30 or BMI 25 < 30
with risk factor(s)

(See Box 6)

Assess readiness to
make lifestyle changes
to achieve weight loss

(See Box 8)

Assess weight and
lifestyle histories

(See Box 5)
Assess and treat CVD

risk factors and obesity-
related comorbidities

(See Box 4)

Yes
BMI _> 25

Evaluation

Treatment

Follow-up and
weight loss

maintenance
(See Box 15)

High intensity
comprehensive

lifestyle
intervention

(See Box 11a)

Alternative delivery
of lifestyle

intervention
(See Box 11b)

Determine weight
loss and health goals

and intervention
strategies

(See Box 9)

Comprehensive lifestyle intervention
alone or with adjunctive therapies
(BMI ≥ 30 or ≥ 27 with comorbidity)

(See Box 10)

Weight loss ≥ 5%
and sufficient improvement

in health targets
(See Box 14)

BMI ≥ 30 or BMI ≥ 27 with
comorbidity—option for adding
pharmacotherapy as an adjunct

to comprehensive lifestyle
intervention

(See Box 12)

BMI ≥ 40 or BMI ≥ 35 with comorbidity.
Offer referral to an experienced

bariatric surgeon for consultation and
evaluation as an adjunct to

comprehensive lifestyle intervention
(See Box 13)

Continue intensive medical
management of CVD risk

factors and obesity-related
conditions; weight

management options
(See Box 19)

Weight
loss ≥ 5% and sufficient

improvement
in health targets

(See Box 18)

Intensive behavioral
treatment; reassess and
address medical or other

contributory factors;
consider adding or re-

evaluating obesity
pharmacotherapy, and/or

refer for to an experienced
bariatric surgeon

(See Box 16)

No, not yet ready

Yes, ready

Yes

Yes

Yes

No

No
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 n Box 15: Weight-loss maintenance.
 n Box 16: More intensive treatment if individuals 

unable to lose enough weight or meet goals.
 n Box 17: BMI measurement annually.
 n Box 18: Assessment of goals.
 n Box 19: Continue management of CVD risk factors 

and obesity related comorbidities.

suMMAry

Lifestyle modification is essential in reducing obesity’s 
contribution to cardiometabolic risk. Focusing on diet, 
physical activity/exercise, stress, and smoking alone can 
delay or prevent the onset of cardiometabolic disease. 
Increasing physical activity will continue to be one of 
the easiest and most effective tools in the fight against 
obesity in the future. Furthermore, the AHA and ACC 
guidelines must be incorporated and referenced in order 
truly to initiate a decrease in the obesity epidemic.
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Novel Biomarkers  
and Risk Factors

9

Low-density lipoprotein cholesterol (LDL-C) has 
been the primary target of lipid-lowering strategies to 
reduce cardiovascular disease (CVD) risk. Significant 
residual CVD risk remains despite successful lower-
ing of LDL-C levels (1). This residual risk is often seen 
in patients with metabolic syndrome or diabetes (2). In 
an effort to identify patients with residual CVD risk, 
the NCEP ATP III and joint ACC/AHA blood choles-
terol management panels examined non–high-density 
lipoprotein cholesterol (non-HDL-C) as a secondary 
therapeutic target (3,4). Several studies have supported 
the inclusion of non-HDL-C as a therapeutic target by 
demonstrating its superiority over LDL-C as a marker 
of CVD risk. However, implementation of non-HDL-
C measurement and treatment goals has been poor 
(5). Intense interest in advanced lipoprotein testing has 
emerged to identify biomarkers that are elevated in this 
residual CVD risk population who are undertreated by 
traditional LDL-C targeted therapies. Biomarkers such 
as lipoprotein (a) [Lp(a)], high-sensitivity C-reactive 
protein, LDL particle concentration, apolipoproteins A 
and B, and lipoprotein-associated phospholipase A2

 are 
emerging as the next-generation biomarkers to assess 
CVD risk. Currently, the new ACC/AHA guidelines 
have not introduced significant changes in biomarker 
recommendations (4). The ACC/AHA Risk Assessment 
guidelines do note it as one of the tests that can be per-
formed if the treatment decision based on global risk 
assessment is uncertain, and that levels of >2 mg/L can 
be used to restratify patient risk (4a).

LipopRoteiN(a)

Lipoprotein(a) [Lp(a)] was first described by Berg in 
1963 as an antigenic variant of LDL. It is composed 
of an apolipoprotein (a) particle covalently linked via 
a disulfide bond to the apolipoprotein B of a low-
density lipoprotein (LDL)-like particle (6–8). Since 
its discovery, many epidemiological studies have 
examined its association with cardiovascular dis-
ease, sparking a growing interest in its pathogenesis 
(1,6,9–13). ATP III classified it as an emerging risk 
factor in 2001 (3).

Genetics of Lp(a)

Lp(a) is a dense protein (1.050–1.080 g/mL) synthe-
sized by the liver. Plasma concentrations of Lp(a) are 
dependent upon the LPA gene, which codes for the 
apolipoprotein(a) particle. Apolipoprotein(a) is struc-
turally similar to plasminogen due to the location of 
LPA near PLA on chromosome 6q26. Apo(a) and plas-
minogen both contain several repeating kringle (K) 
domains. Apo(a) contains K–IV

1-10
 and plasminogen 

contains K–I to K–V. Apo(a) isoform size is deter-
mined by the number of K–IV

2
 repeats (6,7,13,14). 

Plasma Lp(a) concentration is generally inversely 
related to Apo(a) isoform size (small isoform size 
is associated with higher plasma concentrations and 
increased CVD risk).

Henry G. Cheng, MD, 
Seth S. Martin, MD,  
and Steven R. Jones, MD
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upregulating plasminogen activator inhibitor-1, both 
of which prevent the conversion of plasminogen to 
plasmin (19). In addition, Lp(a) is the major trans-
porter of oxidized phospholipids (15).

Lp(a) as a therapeutic target

Lp(a) concentration is generally unaffected by classic 
lipid-lowering strategies such as diet/lifestyle modi-
fication and statins. Niacin has been shown to lower 
Lp(a) levels by an unknown mechanism. Estrogen 
therapy can reduce Lp(a) levels in women but is also 
associated with an increased risk for cancer. High-dose 
statin therapy to lower LDL-C levels aggressively has 
been shown to be effective in lowering CVD risk in 
patients with high Lp(a) levels (9,12,15) and is gener-
ally accepted as the primary strategy for risk reduction 
in conjunction with control of other risk factors.

Several challenges remain before Lp(a) can be 
classified as a therapeutic target. These include:

1. Establishing that lowering Lp(a) reduces CVD risk, 
currently Class IIIc recommendation (no benefit) (21)
2. Standardizing Lp(a) measurement and establishing 
clinical cutoffs
3. Finding an effective and well-tolerated medication 
to directly target Lp(a)

C-ReaCtive pRoteiN (CRp)

CRP is an acute phase reactant produced by the liver. 
It was discovered in 1930 as a reactant of somatic 
C polysaccharide in patients with Streptococcal 
pneumonia. Since then, it has been associated with 
increased vascular events in patients with coronary 
artery disease. Several prospective studies have shown 
that elevated CRP is an independent risk factor for MI, 
stroke, and peripheral vascular disease (5,15).

CRP binds to lectin-like oxidized LDL 
 receptor-1 on endothelial cells and increases intravas-
cular inflammation by activating complement and mac-
rophages, inhibiting nitric oxide release, and  promoting 
 thrombosis (5).

There is conflicting data on the predictive value 
of CRP for CVD risk. In the clinical setting, high- 
sensitivity CRP (hsCRP) has a Class IIa recommen-
dation in men ≥ 50 years old and women ≥ 60 years 
old with LDL < 130 mg/dL; not on hormone, lipid, or 
immunosuppressant therapy, and without CVD, diabe-
tes, or CKD (Class IIb recommendation for men < 50 
and women < 60 years old) (3,4,20). However, whether 

Lp(a) and CvD Risk

In the general population, there is a less than a thou-
sandfold variability in plasma Apo(a) size and Lp(a) 
concentration, making it very difficult to establish 
CVD risk tertiles (1). Recent studies have suggested 
that Lp(a) cholesterol > 10 mg/dL, mass > 25 mg/dL, 
or molar concentrations > 70 nmol/L—each represent-
ing approximately the 75–80th population percen-
tile—independently predict excess CVD risk in the 
presence of other CVD risk factors. Several studies 
have examined the relationship between apo(a) iso-
form size, plasma concentration, and CVD risk across 
different ethnicities. In Caucasian populations, small 
apo(a) isoforms of < 22 K–IV

2
 repeats were associ-

ated with high plasma concentrations of Lp(a) and 
increased CVD risk. Compared to the black popu-
lation, whites tended to have a smaller isoform size 
and higher CVD risk despite similar Lp(a) concen-
tration (1,9,10,13). This suggests that apo(a) isoform 
size may have a stronger association with CVD than 
plasma Lp(a) levels. Studies have also indicated that 
small isoform size may be an independent risk predic-
tor of CVD in men but not women regardless of eth-
nicity (15). In postmenopausal women not receiving 
hormone replacement therapy, elevated levels of Lp(a) 
> 80th percentile were associated with excess risk 
when accompanied by LDL-C greater than median 
levels, > 121 mg/dL. Lp(a) was not associated with 
excess risk in women treated with hormone replace-
ment therapy (16).

Although Lp(a) levels are in large part  heritable, 
nephrotic disease and diabetes mellitus have been shown 
to increase plasma Lp(a) concentrations markedly (1,2). 
This is likely caused by increased synthesis of apo(a) in 
these patients, and not due to impaired excretion caused 
by renal disease. Contrary to patients with normal renal 
function, patients on hemodialysis with elevated Lp(a) 
levels tend to have large isoform sizes. Lp(a) concentra-
tion increases with poor glycemic control (2).

There have been several proposed mecha-
nisms by which Lp(a) causes CVD but the studies 
were limited by the variability in their study design, 
sample collection and analysis, and Lp(a) isoforms 
(10,13,15,17). Analysis of culprit lesions from patients 
with unstable angina showed Lp(a) deposition in the 
atherosclerotic plaques at levels proportional to circu-
lating plasma Lp(a) (18). Lp(a) is structurally similar 
to LDL, which facilitates its deposition in atheroscle-
rotic lesions where it binds the extracellular matrices 
composed of glycosaminoglycans, fibrin, fibrino-
gen, and fibronectin. Lp(a) prevents thrombolysis by 
directly binding tissue plasminogen activator (tPA) or 
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(Class IIb recommendation) that meet any of the fol-
lowing criteria (3,4,21).

1. Smokers
2. Patients with two or more major CVD risk factors
3. Patients > 65 years old with 1 CVD risk factor
4. Diabetics
5. Patients with metabolic syndrome who are at mod-
erate CVD risk

Because LDL primarily transports Lp-PLA
2
, 

statin therapy targeting LDL also indirectly lowers 
Lp-PLA

2
 levels. In the PROVE-IT study, Lp-PLA

2
 

mass and activity decreased about 20% with therapy 
and was independently shown to have favorable CV 
outcomes (5).

Darapladib is a direct Lp-PLA
2
 inhibitor cur-

rently being studied in the STABILITY trial to deter-
mine its efficacy in reducing CVD risk. This trial 
will also examine the efficacy of Lp-PLA

2
 guided 

therapy. Results of this trial may help establish a 
clinical role for Lp-PLA

2
 screening. The latest 2013 

ACC/AHA guidelines for risk assessment do not 
address LpPla2.

LDL paRtiCLes

LDL-C has been the long-standing target for statin 
therapy. However, it is not the best indicator of CVD 
risk because risk correlates better with LDL particle 
number rather than cholesterol concentration. An 
example of this is individuals who have LDL particles 
that contain less cholesterol than average, and thus the 
LDL-C level in these patients would underestimate the 
number of LDL particles. This is clinically important 
because these patients have higher risk than indicated 
by the LDL-C level (25). Patients with diabetes mel-
litus or metabolic syndrome tend to have high levels 
of small dense LDL, and therefore discordantly low 
LDL-C relative to LDL-P. The current ACC/AHA 
guidelines have a Class III recommendation for moni-
toring LDL-P (4). LDL-P can serve as a secondary 
marker to further risk stratify patients with normal 
LDL-C levels but have additional CVD risk factors (5).

apoLipopRoteiNs a1 aND B

Apoproteins are structural proteins attached to lipo-
proteins to form apolipoproteins. There are two main 
classes of clinically relevant apolipoproteins: Apo A1 
and Apo B. Apo A1 is primarily located in HDL, facili-
tating removal of cholesterol from macrophages to pre-
vent the formation of foam cells. It also functions as 
the binding site for lecithin cholesterol acyl transferase 

the incremental predictive value is clinically meaning-
ful beyond other risk factors and the role of CRP in 
therapeutic decision making remain topics of ongoing 
debate (4,19,21). More recent recommendations from 
the ACC/AHA have suggested hsCRP as one of the 
tests that may be performed if the treatment decision 
based on global risk scoring is uncertain, with a level 
of > 2 mg/L being a criterion for upstaging of risk.

Serum high-sensitivity CRP is classified into 
three tertiles:

1. < 1.0 mg/L (low risk)
2. 1.0–3.0 mg/L (intermediate risk)
3. > 3.0 mg/L (high risk)

The main areas of controversy regarding CRP are 
whether it has a direct effect on atherosclerosis indepen-
dent of other processes and whether a direct CRP low-
ering agent will be effective in reducing CVD events.

LipopRoteiN-assoCiateD 
phosphoLipase a2 (Lp-pLa2)

Most prospective studies have classified Lp-PLA
2
 as 

an independent predictor of both CVD and stroke risk 
(WOSCOPS, ARIC, MONICA) (22–24). Lp-PLA

2
 is 

secreted by macrophages, T-cells, mast cells, hepato-
cytes, and monocytes. It is primarily transported by 
LDL, but is also located on Lp(a) and HDL. LDL 
accumulation in the vascular intima leads to upregu-
lation of Lp-PLA

2
 activity causing progression of 

plaque formation. Lp-PLA
2
 hydrolyzes oxidized phos-

pholipids (OxPL) into two inflammatory molecules, 
lysophosphatidylcholine (lyso-PC) and oxidized fatty 
acids, which increases cytokine expression and mac-
rophage transformation into foam cells (5,17).

Lp-pLa2 and Lp(a)

Under normal conditions Lp(a) acts as a scavenger of 
OxPL and degrades it into a proinflammatory molecule: 
lyso-PC. Under inflammatory conditions, OxPL levels 
increase and overwhelm the ability of Lp(a)-Lp-PLA

2
 

to degrade OxPL. In patients with high Lp(a) levels, 
there is more transportation of  Lp-PLA

2
 to the vascular 

endothelium leading to higher Lp-PLA
2
 activity. This 

leads to enhanced oxidation within the plaque (17).

Lp-pLa2 screening and therapy

Lp-PLA
2
 screening has not been well established. 

Some experts recommend its use for risk stratifica-
tion of intermediate/moderate CVD risk populations 
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Figure 9.1 fully adjusted Hrs of biomarkers for incident cardiovascular events. Hrs are per 1-Sd increment and are 
adjusted for age, area, body mass index, systolic blood pressure, diabetes mellitus, smoking, non-HdL cholesterol, 
HdL-cholesterol, and cardiovascular medication. Shown on the bottom is the Hr associated with a continuous score 
derived from Nt-proBNP, C-reactive protein, and troponin i. Apo indicates apolipoprotein; Ci, confidence interval.
Source: Adapted with permission from Circulation. Contribution of 30 biomarkers to 10-year cardiovascular risk estimation in 2 
population cohorts: the MoNiCA, risk, genetics, archiving, and monograph (MorgAM) biomarker project. Blankenberg S1, Zeller t, 
Saarela o, Havulinna AS, kee f, tunstall-Pedoe H, kuulasmaa k, yarnell J, Schnabel rB, Wild PS,Münzel tf, Lackner kJ, tiret L, evans 
A, Salomaa v; MorgAM Project. Circulation. 2010 Jun 8;121(22):2388–2397.

in the formation of cholesteryl esters found in mature, 
spherical HDL particles. ApoAI levels measured in 
serum are inversely associated with CVD risk, similar 
to HDL-C but usually with higher strength of statisti-
cal association for incident CVD both in epidemiologic 
studies (26) and in patients treated with statins (27).

Apo B is a robust marker of total atherogenic 
particle concentration given that one apo B molecule 
is present on each non-HDL particle, VLDL, IDL, and 
LDL and Lp(a). Prospective studies have established 
that Apo B levels correlate more closely with CVD risk 
than LDL-C. Its clinical use as a lipid biomarker has 
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micronecrosis. Elevations in N-terminal-pro-brain natri-
uretic peptide and troponin I have been shown to be 
independently associated with CVD risk. In the MON-
ICA-MORGAM study, CRP, NT-proBNP, and troponin 
I were the only three biomarkers found to have consistent 
additive predictive value over conventional predictors and 
lipids (Figure 9.1). Improvement in risk reclassification 
was observed with the addition of all three biomarkers 
scores (NT-proBNP, troponin I, and CRP); each individ-
ual biomarker did not improve CVD risk prediction (30). 
NT-proBNP and troponin I individually received Class III 
recommendations from the ACC/AHA (4,21); moreover, 
panels of multiple biomarkers may not have been endorsed 
for general use in ACC/AHA or NLA guidelines.

summaRy

Advanced lipid biomarkers help refine CVD risk in a 
low-intermediate CVD risk population. The evidence 
for some biomarkers is stronger than others. The rec-
ommendations above, summarized in Table 9.1, are 
based on current NLA guidelines, which are more 
liberal than the NHLBI ATP IV guidelines (4). When 
using advanced lipid biomarkers in the clinical set-
ting, the physician should consider the clinical context 
and whether additional pharmaceutical therapy will be 
well tolerated by the patient.

been well established. LDL-P is strongly correlated 
with apoB inasmuch as typically 90% of apoB con-
taining non-HDL particles are LDL. Both Apo B and 
LDL-P are considered to be coprimary targets of lipid 
therapy by the Canadian Lipid Guidelines. The ACC/
AHA guidelines have a Class III recommendation for 
monitoring apolipoproteins (3,4,21). However, the NLA 
Biomarkers Expert Panel recommends that Apo B mea-
surement is reasonable for patients with intermediate or 
higher risk (3,5). Patients receiving statin therapy can 
also be monitored with Apo B measurements because 
it has a 1:1 relationship with the number of atherogenic 
particles. Apo B is regarded as a superior risk indicator 
to LDL-C and is equivalent or superior to non-HDL-C, 
particularly when the two measures are discordant (28). 
Additional clinical trial data are necessary to clearly 
establish Apo B treatment targets, although levels of 
< 80 mg/dL are commonly accepted as goals in high 
risk and secondary prevention patients.

otheR BiomaRkeRs (Nt-proBNp 
aND tRopoNiN i)

NT-proBNP is the cleaved portion of proBNP, which is 
elevated with increased ventricular stretch (29). Mild 
troponin I elevations in these studies suggest cardiac 

Table 9.1 NLA recommendations regarding Biomarker and Advanced Lipoprotein testing

initial Clinical assessment

CrP lp-Pla2 apo b lDl-P lp(a)
HDl or lDl 
Subfractions

low risk 
(<5% 10-year 
CHD event 
risk)

Not 
recommended

Not recom-
mended

Not recom-
mended

Not recom-
mended

Not recom-
mended

Not recom-
mended

intermediate 
risk (5-20% 
10-year CHD 
event risk)

recommended 
for routine 
measurement

Consider 
for selected 
patients

reasonable 
for many 
patients

reasonable 
for many 
patients

Consider 
for selected 
patients

Not recom-
mended

CHD or CHD 
equivalent

Consider 
for selected 
patients

Consider 
for selected 
patients

Consider 
for selected 
patients

Consider 
for selected 
patients

Consider 
for selected 
patients

Not recom-
mended

Family 
History

reasonable for 
many patients

Consider 
for selected 
patients

reasonable 
for many 
patients

reasonable 
for many 
patients

reasonable 
for many 
patients

Not recom-
mended

recurrent 
events

reasonable for 
many patients

Consider 
for selected 
patients

reasonable 
for many 
patients

reasonable 
for many 
patients

reasonable 
for many 
patients

Not recom-
mended

(continued )
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On-Treatment Management Decisions

CrP lp-Pla2 apo b lDl-P lp(a)
HDl or lDl 
Subfractions

low risk 
(< 5% 10-year 
CHD event 
risk)

Not recom-
mended

Not recom-
mended

Not recom-
mended

Not recom-
mended

Not recom-
mended

Not 
recommended

intermediate 
risk (5-20% 
10-year CHD 
event risk)

reasonable 
for many 
patients

Not recom-
mended

reasonable 
for many 
patients

reasonable 
for many 
patients

Not recom-
mended

Not 
recommended

CHD or CHD 
equivalent

reasonable 
for many 
patients

Not recom-
mended

reasonable 
for many 
patients

reasonable 
for many 
patients

Consider 
for selected 
patients

Not 
recommended

Family 
History

Consider 
for selected 
patients

Not recom-
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Consider 
for selected 
patients

Consider 
for selected 
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Consider 
for selected 
patients
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recommended
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reasonable 
for many 
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Not recom-
mended

reasonable 
for many 
patients

reasonable 
for many 
patients

Consider 
for selected 
patients

Not 
recommended
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10
Antithrombotic Therapy in 
the Primary and Secondary 
Prevention of Cardiovascular 
Disease

Thrombosis is central to the pathophysiology of 
most acute cardiovascular (CV), cerebrovascular, 
and peripheral vascular events. Platelet activation and 
blood coagulation are two dependent and complemen-
tary pathways that serve as the bedrock of hemostasis 
and thrombosis, both physiologically and pathologi-
cally. An understanding of platelet biology and the 
coagulation cascade has led to the identification of 
various factors that serve as targets for antithrombotic 
therapies (Table 10.1). Over the last decade, many 
novel oral anticoagulants and antiplatelet agents have 
been added to our armamentarium in CV medicine. 
This chapter reviews landmark trials and recommen-
dations from current guidelines related to various 
existing and new antithrombotic therapies in the pri-
mary and secondary prevention of CV disease.

ASPirin

Primary Prevention

 n Aspirin is recommended for men over age 45 years 
who are at increased risk for CV events (1–3).

 n Aspirin is recommended for women over age 65 
years for stroke prevention (4).

 n Aspirin is recommended for men over age 50 years 
and women over age 60 years with diabetes mellitus 
(DM) (5).

 n Aspirin may be used for stroke prevention in 
patients with atrial fibrillation (AF) as an alternative to 
warfarin and the novel oral anticoagulants (NOACs) 
in patients at intermediate risk for stroke (CHA

2
DS

2
-

VASc score of 1) (6). Alternatively, aspirin may be 
used for those who refuse oral anticoagulant (OAC) 
therapy (7).

Given its long history, wide availability, and low 
cost, aspirin is the most commonly used medication 
in the primary prevention of CV disease. Divergent 
guidelines regarding its use have been published by 
several organizations, including the U.S. Preventive 
Services Task Force (USPSTF) (3), American Heart 
Association (AHA) (2), American Stroke Association 
(ASA) (4,6), American College of Chest Physicians 
(ACCP) (1,8), and European Society of Cardiology 
(ESC) (7,9). Variability in recommendations primar-
ily involves the primary prevention population, where 
more limited efficacy of aspirin must be weighed 
against its bleeding risk.

The efficacy and safety of aspirin in primary pre-
vention was reviewed in a landmark meta-analysis by 
the Antithrombotic Trialists’ Collaboration (10). This 
study demonstrated a small absolute reduction in the 
risk of major coronary events in men (Relative Risk 
[RR]: 0.77 95% Confidence Interval [CI]: 0.67–0.89, 
Absolute Risk Reduction [ARR]: 0.15% per year) 
and a small absolute reduction in the risk of ischemic 
stroke in women (RR: 0.77 [0.59–0.99], ARR: 0.02% 
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50 years of age with one other risk factor and no relative 
contraindications to aspirin use (1). Additionally, given 
the high CV risk in DM, the AHA and American Col-
lege of Cardiology (ACC) recommend that diabetics 
with one additional risk factor for CHD be treated with 
aspirin beginning at age 50 years for men and at age 60 
years for women (5). Altogether different are the ESC 
guidelines, which recommend against the use of aspirin 
for  primary prevention (9).

Aspirin’s efficacy for stroke prevention in AF is 
less pronounced compared to other anithrombotic ther-
apies. Current ACC/AHA guidelines (6) recommend 
aspirin as an option in those with a CHA

2
DS

2
-VASc  

score of 1. In contrast, the ESC (7) and ACCP guide-
lines (8) suggest that an anticoagulant be used in those 
with a CHA

2
DS

2
-VASc score ≥1. Under these guide-

lines, for those who cannot be anticoagulated, the use 
of aspirin in combination with clopidogrel should be 
considered if bleeding risk is permissive, whereas 
aspirin monotherapy should be limited to those who 
refuse oral anticoagulation altogether.

Overall, the effect size of aspirin in primary 
prevention is small. As such, only patients with pre-
dominantly high risk of CHD and low risk of bleeding 
should be considered for aspirin therapy.

per year). This came, however, with the cost of a small 
absolute increase in hemorrhagic stroke (RR: 1.32 
[CI: 1.00–1.75], Absolute Risk Increase [ARI]: 0.01% 
per year) and extracranial major bleeding (RR: 1.54 
[CI: 1.30–1.82], ARI: 0.03% per year), with resultant 
uncertain net benefit.

A subsequent meta-analysis by the USPSTF (3) 
suggested that for men, the benefit of aspirin increased 
with age and coronary heart disease (CHD) risk (as 
assessed by the Framingham Study), whereas the 
risk of bleeding largely increased with age alone. Net 
clinical benefit occurred in (a) men aged 45–59 years 
with a 10-year CHD risk of 4%, (b) men aged 60–69 
years with a 10-year CHD risk of 9%, and (c) men 
aged 70–79 years with a 10-year CHD risk of 12%. 
Given the impact of age, it comes as no surprise that 
most men over age 60 years will have a 10-year CHD 
risk > 9% and only men in their 40s with multiple risk 
factors will have a 10-year CHD risk > 4%. In persons 
who do not meet these levels of risk, the potential side 
effects of aspirin outweigh the potential benefit.

Contrary to the USPSTF recommendations, the 
AHA/ASA guidelines recommend aspirin for all adults 
with a 10-year CHD risk of 6% to 10% (4) and the ACCP 
guidelines encourage low-dose aspirin in all adults over 

Table 10.1 Antithrombotic Agents Used in the prevention of cardiovascular Disease

Drug Mechanism of action Primary Use

Aspirin cyclooxygenase-1 inhibitor primary and secondary prevention of 
cV disease

ticlopidine, clopidogrel, 
prasugrel, and ticagrelor

p2y12 receptor antagonist predominantly secondary prevention 
following an AcS or pci

Dipyridamole phosphodiesterase inhibitor (only 
studied in combination with aspirin)

Secondary prevention following a tiA 
or stroke

cilostazol phosphodiesterase iii inhibitor Secondary prevention in symptomatic 
pAD

Warfarin Vitamin K antagonist primary and secondary stroke 
 prevention in those with valvular  
and nonvalvular atrial fibrillation

Dabigatran Direct thrombin inhibitor primary and secondary stroke 
 prevention in those with nonvalvular 
atrial fibrillation

rivaroxaban, Apixiban, 
edoxaban*

Factor Xa inhibitor primary and secondary stroke prevention 
in those with nonvalvular atrial fibrillation

Vorapaxar protease-activated receptor-1 
antagonist

Secondary prevention in those with prior 
mi or pAD

Abbreviations: AcS: acute coronary syndrome, cV: cardiovascular, mi: myocardial infarction, pAD: peripheral artery disease, pci: 
percutaneous coronary intervention, tiA: transient ischemic attack.
*not currently FDA approved.
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per year). The ACTIVE-W trial was stopped early 
as patients in the DAPT arm were found to be at an 
increased risk of adverse CV events compared to those 
taking a VKA (RR: 1.44 [CI: 1.18–1.76], ARI: 1.67% 
per year), with no difference in major bleeding (12).

Given this, current guidelines recommend lim-
iting the use of clopidogrel in the primary prevention 
of CHD to patients who are unable to take aspirin 
(eg, hypersensitivity reaction) (1). For AF patients 
at increased risk of stroke who are not candidates for 
a VKA, DAPT with aspirin and clopidogrel may be 
considered (7,8). With the availability of NOACs how-
ever, DAPT is less commonly used for this indication.

Secondary Prevention

 n Clopidogrel may be used as monotherapy in patients 
who are intolerant to aspirin for secondary prevention 
of CV events (11), stroke (9, 12), or PAD (13).

 n A P2Y
12

 receptor antagonist should be used in 
 combination with aspirin for at least 1 year in patients 
following an ACS (1,9,11).

 l If no percutaneous coronary intervention (PCI) 
was performed, either clopidogrel or ticagrelor 
should be used (1,11).

 l If PCI was performed, clopidogrel, ticagrelor, or 
prasugrel may be used (1,11).

 n A P2Y
12

 receptor antagonist should not be used in 
patients revascularized with coronary artery bypass 
graft (CABG) surgery for stable coronary artery 
 disease (1,11).

 n Clopidogrel should be used in combination with aspi-
rin in patients receiving PCI for stable coronary artery 
disease and for a time period specific to the type of stent 
placed, followed thereafter by lifelong aspirin (16).

 l Patients receiving a bare metal stent (BMS) 
should be treated with clopidogrel for a minimum 
of 1 month and ideally 1 year (16).

 l Patients receiving a drug eluting stent (DES) 
should be treated with clopidogrel for at least 
1 year (16).

Coronary Artery Disease

There is strong evidence supporting the addition of a 
P2Y

12
 receptor antagonist to aspirin in the secondary 

prevention of CV disease following an ACS or in those 
undergoing PCI. Guideline recommendations by the 
ACC/AHA, ACCP, and ESC each provide consistent 
support for their use. There are also data to support the 
use of a P2Y

12
 receptor antagonist as monotherapy in 

stable CV disease or after a transient ischemic attack 
(TIA) or stroke.

Secondary Prevention

 n Aspirin (at a dose of 75–162 mg/day) is recom-
mended for all patients with coronary artery disease 
unless contraindicated (1,11).

 n Aspirin (at a dose of 75–325 mg/day) is an option for 
patients following an ischemic stroke (11,12).

 n Aspirin (at a dose of 75–100 mg/day) is an option rec-
ommended for patients with peripheral artery disease 
(PAD) (13).

In contrast to the debated benefits of aspirin in 
primary prevention, its role in secondary prevention 
is more certain and established. The previously men-
tioned Antithrombotic Trialists’ Collaboration meta-
analysis found ten-fold greater benefit in secondary 
as compared to primary prevention. This benefit was 
consistent among men and women and those with a 
history of stroke and CHD (10). Because patients with 
a history of acute coronary syndrome (ACS), stroke, 
CHD, or PAD face greater CV risk, it is not surprising 
that they derive greater benefit from aspirin therapy.

Consistent with prior observational studies, the 
CURRENT-OASIS 7 trial (14) demonstrated similar 
efficacy between higher dose (300–325 mg/day) and 
lower dose (75–100 mg/day) aspirin in patients with an 
ACS undergoing percutaneous coronary intervention 
(PCI), with slightly increased risk of minor bleeding at the 
higher dose (Hazard Ratio [HR]: 1.13 [CI: 1.00–1.27],  
ARI: 0.6%). Based on this, current guidelines give 
preference to low-dose aspirin (75–162 mg/day) in this 
population (1,11).

P2Y12 reCePTor AnTAgoniSTS

Primary Prevention

P2Y
12

 receptor antagonists are not recommended in 
the primary prevention of CHD. Among the currently 
approved P2Y

12
 inhibitors, only clopidogrel has been 

studied in this population. The CHARISMA study 
compared dual antiplatelet therapy (DAPT) with aspi-
rin and clopidogrel to aspirin alone in a mixed popula-
tion of primary and secondary prevention. Treatment 
with DAPT was associated with no greater efficacy 
and only increased risk of bleeding (15).

In patients with AF, DAPT with aspirin and 
clopidogrel was compared with aspirin monotherapy 
in the ACTIVE-A trial and with a vitamin K antagonist 
(VKA) in the ACTIVE-W trial. In ACTIVE-A, DAPT 
reduced the risk of stroke (RR: 0.72 [CI: 0.62–0.83], 
ARR: 0.9% per year) at the expense of increased 
major bleeding (RR: 1.57 [CI: 1.29–1.92], ARI: 0.7% 
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major bleeding was higher among those treated with 
ticagrelor  (HR: 1.25, CI: 1.03–1.53).

Preference among the P2Y
12

 inhibitors varies 
among the different guidelines. The ACC/AHA guide-
lines (11) list ticagrelor, prasugrel, and clopidogrel as 
equivalent alternatives, whereas the ACCP guidelines 
(1) give preference to ticagrelor over clopidogrel in all 
patients with an ACS, and the ESC guidelines (9) give 
preference to ticagrelor or prasugrel over clopidogrel in 
patients with an ACS. Largely because of its relatively 
low cost, clopidogrel still remains the most widely used 
P2Y

12
 inhibitor in the United States today.
The efficacy of DAPT with clopidogrel and 

aspirin in stable CAD remains uncertain. Among 
patients with known CV disease in the CHARISMA 
trial (15), DAPT was associated with a significant 
reduction in major CV events when compared to aspi-
rin alone (RR: 0.88 [CI: 0.77–0.998], ARR: 1.0%). 
This came, however, with an increased risk of moder-
ate bleeding (ARI: 0.8%). Investigation of long-term 
ticagrelor in this population is currently underway.

Outside of DAPT after an ACS, clopido-
grel remains the only P2Y

12
 receptor antagonist to 

be evaluated as monotherapy. The CAPRIE study 
 compared clopidogrel to aspirin in patients with 
stable CV disease. Clopidogrel monotherapy was 
associated with a small but statistically significant 
reduction in major adverse CV events compared to 
aspirin (RRR: 8.7% [CI: 03–16.5%], ARR: 0.5% per 
year) (21). Historically, though, clopidogrel’s higher 
cost has largely limited its use to patients who are 
intolerant of aspirin.

Cerebrovascular Disease

In the MATCH trial, DAPT with aspirin and clopi-
dogrel was compared to clopidogrel alone in patients 
with a recent TIA or stroke. Use of DAPT provided 
no incremental benefit and was associated with a 
statistically significant 1.3% increased risk of major 
bleeding. These findings, along with data from the 
PROFESS trial, which demonstrated similar efficacy 
between clopidogrel and combination therapy with 
aspirin and extended-release dipyridamole, support 
the use of clopidogrel monotherapy in the secondary 
prevention of TIA or stroke (12).

optimal Duration of DAPT

The optimal duration of DAPT following PCI is the 
subject of ongoing investigation. Current guidelines 
recommend DAPT ideally for 1 year, especially 

The CURE trial was one of the first studies to 
establish the role of DAPT in secondary prevention. 
In this trial, patients with a non-ST–segment elevation 
ACS, managed medically or with revascularization, 
were randomized to aspirin plus clopidogrel versus 
aspirin alone for a mean of 9 months. The addition 
of clopidogrel was associated with a 2.1% absolute 
reduction in major cardiac events and a 1.0% abso-
lute increase in major bleeding. Maximal benefit was 
noted to occur at 3 to 6 months, with continued benefit 
out to 1 year (17).

Subsequent studies sought to evaluate the 
effects of more potent P2Y

12
 receptor  antagonists 

(eg, prasugrel, ticagrelor) following an ACS. In the 
TRITON-TIMI 38 study (18) prasugrel was compared 
to clopidogrel on a background of aspirin  therapy in 
ACS patients undergoing PCI. Treatment with pra-
sugrel was associated with a significant reduction in 
major adverse CV events (HR: 0.81 [CI: 0.73–0.90], 
ARR: 2.2%) at the expense of increased non-CABG 
TIMI major bleeding (HR: 1.32 [CI: 1.03–1.68], ARI: 
0.6%). Notably, an approximate 50% relative reduc-
tion in stent thrombosis was observed with prasugrel.

Subgroup analyses demonstrated prasugrel’s 
greatest efficacy in patients with DM or ST-segment 
elevation myocardial infarction (STEMI). Higher 
bleeding was observed with prasugrel in those (a) 
≥ 75 years of age, (b) under 60 kg, and (c) undergo-
ing CABG surgery, prompting recommendations to 
limits its use in the first two populations and withhold 
it at least 7 days prior to anticipated surgery for the 
third group. In addition, prasugrel should not be used 
in patients with a history of TIA or stroke (16). More 
recently, the TRILOGY ACS study found that the ben-
efit of prasugrel over clopidogrel in patients undergo-
ing PCI did not apply to medically managed ACS 
patients, with a similar risk of major adverse cardiac 
events in both groups (HR: 0.91, CI: 0.79–1.05) (19).

In the PLATO study, ticagrelor was compared 
to clopidogrel in ACS patients who were medically 
managed, underwent PCI, or had CABG surgery 
(20). Treatment with ticagrelor was associated with 
a significant reduction in major adverse CV events 
(HR: 0.84 [CI: 0.77-0.92], ARR: 1.9%), with no 
overall increased risk of major bleeding (HR: 0.99, 
CI: 0.89–1.10). Further review of the PLATO data 
demonstrated geographic heterogeneity in response, 
with decreased efficacy in the North American 
cohort. This was thought to be due to use of aspirin at 
higher doses in this region, prompting recommenda-
tions to use ticagrelor only with low-dose aspirin (75-
100 mg/day). Furthermore, although ticagrelor was 
not associated with an increase in the rate of overall 
major bleeding, the rate of non-CABG–related TIMI 
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there has been significant interest in identifying who 
is likely to be a “nonresponder.” High on-treatment 
platelet reactivity (HPR) has emerged as a potent risk 
factor for recurrent ischemic events following PCI and 
can be measured using various platelet function tests 
(eg, VerifyNow assay) (22).

Among the genetic polymorphisms, CYP2C19*2 
has been most associated with attenuated platelet inhibi-
tion and increased CV risk. In a meta-analysis of 9 stud-
ies, one and two loss-of-function (LoF) CYP2C19*2 
alleles were present in 26.3% and 2.2% of patients 
treated with clopidogrel, respectively, and were asso-
ciated with increased risk of CV events compared to 
noncarriers (HR 1.55 and 1.76, P = .01 and P = .002, 
respectively) (23).

when prescribed in the setting of an ACS, with life-
long aspirin thereafter (1,9,11,16). Although recent 
trials have evaluated treatment durations of 6 to 
24 months, 12  months of DAPT still remains the 
standard.

Platelet Function Testing  
and Pharmacogenetic Testing

Clopidogrel is a prodrug that is metabolized to its 
active form by intestinal esterases and several hepatic 
cytochrome (CYP) P450 enzymes (Figure 10.1). 
Because environmental and genetic factors contrib-
ute to the variable antiplatelet effect of clopidogrel, 

FigUre 10.1 metabolism of p2y12 inhibitors. clopidogrel and prasugrel are both prodrugs that require oxidation by 
hepatic cytochrome p450 enzymes to generate their active metabolites that inhibit the anucleate cell for its lifespan. 
the majority of clopidogrel is inactivated by carboxylesterases, such that only 15% of the active metabolite reaches 
the platelet receptor after undergoing two steps of oxidative biotransformation. prasugel confers greater and more 
rapid platelet inhibition than clopidogrel through its efficient metabolism, requiring only one hepatic cyp450 oxida-
tion step to generate its active metabolite. the cyclo-pentyl-triazolo-pyrimidine ticagrelor, unlike the thienopyridines, 
is rapidly absorbed as an active metabolite without requiring any hepatic or intestinal oxidative biotransformation. its 
reversible affinity toward p2y12 receptors allows potent and consistent platelet inhibition.
Source: reprinted, with permission, from ref (22). yousuf o, bhatt DL. the evolution of antiplatelet therapy in cardiovascular disease. 
Nat Rev Cardiol. 2011;8547–8559.
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Cilostazol’s benefit in symptomatic PAD comes 
from its ability to decrease symptoms and improve 
quality of life (13). It has not been shown, however, to 
improve CV mortality or reduce major cardiac events. 
As such, it is generally recommended as second-line 
therapy following aspirin.

More recently, there has been interest in cilo-
stazol as an addition to DAPT where it has been shown 
to reduce restenosis 1 to 12 months after PCI  (26).  
At the present time, however, there are no guideline 
recommendations for this indication.

Vorapaxar

Vorapaxar is a thrombin receptor (protease-activated 
receptor-1) antagonist that was recently approved to 
reduce adverse CV events in patients with a history 
of myocardial infarction (MI) or PAD. In the TRA 
2P-TIMI 50 study, 26,449 patients with known CV 
disease were randomized to vorapaxar (2.5 mg daily) 
or placebo for a median of 30 months (27). Patients in 
both arms of the trial could have been on aspirin and/or 
a thienopyridine.  Treatment with vorapaxar was asso-
ciated with a significant reduction in CV death, MI, 
or stroke (HR: 0.87 [0.80–0.94], ARR: 1.2%). This 
came, however, at the expense of increased moderate 
to severe bleeding (HR: 1.66 [1.43–1.93] ARI: 1.7%) 
and intracranial hemorrhage (ARI: 0.5%). Therefore, 
vorapaxar should not be used in patients with a history 
of stroke, TIA, or intracranial hemorrhage.

The timing of vorapaxar initiation continues to 
be discussed. In the TRACER study (28), when vora-
paxar was given in conjunction with a loading dose 
at the time of ACS presentation, there was no signifi-
cant reduction in the primary endpoint of CV death, 
MI, stroke, recurrent ischemia with rehospitalization, 
or urgent coronary revascularization and there was an 
increased risk of major bleeding. Patients in the TRA 
2P-TIMI 50 study, however, were eligible for enroll-
ment as early as 2 weeks after their index event.

WArFArin

Primary Prevention

 n Patients with AF at increased risk for stroke (based 
on the CHA

2
DS

2
-VASc score) should be treated with 

warfarin for primary prevention (6–8).
 n Patients with AF and a mechanical heart valve 

should be treated with warfarin for primary preven-
tion of stroke (6, 12).

Although HPR with clopidogrel can be over-
come by increasing the maintenance dose of clopido-
grel or switching to more potent antiplatelet therapy 
(eg, prasugrel or ticagrelor), improvement in clinical 
outcomes with this strategy has not been confirmed. 
In the GRAVITAS study, patients on clopidogrel with 
HPR were randomized to double dose versus standard 
dose clopidogrel one day after PCI. The 30-day and 
6-month outcomes between the two strategies were 
unchanged (HR: 1.01 [CI: 0.58–1.76], ARR: 0%) and 
the reduction in HPR was not significantly predic-
tive of outcome (24). Alternatively, the TRIGGER-
PCI study randomized patients with HPR following 
elective PCI to continued use of clopidogrel or a 
switch to prasugrel. Given the extremely low event 
rate and small sample size, no benefit was demon-
strated with the more potent antiplatelet agent despite 
greater  platelet inhibition (25). Thus, although HPR 
and LoF genotypes remain risk factors for adverse 
CV events, it remains uncertain whether a change in 
 pharmacotherapy can mitigate this risk.

oTher AnTiPlATeleT AgenTS

Dipyridamole

Low-dose aspirin with extended release dipyridamole 
is another choice for the secondary prevention of cere-
brovascular events (9,12).

Dipyridamole has been studied in combination 
with aspirin for secondary stroke prevention in several 
trials and has been shown to have incremental ben-
efit compared with aspirin alone (12). Of concern in 
these trials, however, has been variability in the dose 
of aspirin studied. Most recently in the ESPRIT study, 
aspirin (30–325 mg/day) was compared to aspirin 
plus dipyridamole (200 mg twice daily). Combination 
therapy reduced the risk of adverse CV events (HR: 
0.80 [CI: 0.66–0.98], ARR: 1% per year) (12). Cur-
rent ASA/AHA guidelines (12) consider the combina-
tion of aspirin and dipyridamole to be an equivalent 
alternative to aspirin monotherapy for the secondary 
prevention of stroke, however, the ESC guidelines (9) 
state that it should be used preferentially.

Cilostazol

For patients with PAD and continued symptoms of 
intermittent claudication despite exercise therapy, 
smoking cessation, and treatment with aspirin, cilo-
stazol is recommended for symptom relief (13).
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but instead modifiable risk factors should be mitigated 
and caution undertaken when starting these patients 
on anticoagulation.

Warfarin genotyping

Given warfarin’s narrow therapeutic window, con-
siderable interest has been focused on tailoring war-
farin dosing based on genotyping. Several genes are 
involved in warfarin metabolism, including CYP2C9, 
VKORC1, and CYP4F2. The first two have muta-
tions that cause an increased anticoagulant effect at a 
given dose of warfarin, whereas mutations in CYP4F2 
require increased doses to achieve a therapeutic INR. 
Even though commercial testing is available for muta-
tions of all three genes, the cost may be prohibitive and 
knowledge of genotyping does not limit the necessity 
for routine INR monitoring.

noVel AnTiCoAgulAnTS

Dabigatran, rivaroxaban and apixiban are reasonable 
alternatives to warfarin in patients who are at moder-
ate to high risk of stroke (CHA

2
DS

2
-VASc score ≥ 1) 

(6,7).
Based on warfarin’s need for ongoing moni-

toring, along with its narrow therapeutic index, long 
half life, and wide variability in response, there has 
been significant interest in developing NOACs that 
overcome each of these limitations. Three new anti-
coagulants have received FDA approval (dabigatran, 
rivaroxaban, and apixaban) and one (edoxaban) has 
completed a phase III trial for prevention of stroke or 
systemic embolism in  non-valvular AF. Each of these 
medications has the benefit of providing reliable rapid 
anticoagulation without the need for routine anticoagu-
lant monitoring. They also have a shorter, more predict-
able half-life that makes  periprocedural management 
easier, however, none currently has an antidote.

Dabigatran is a predominantly renally excreted 
twice daily direct thrombin inhibitor that was approved 
based on a head-to-head comparison to warfarin in 
patients with AF and high risk of stroke at two differ-
ent doses in the RE-LY trial (29). Dabigitran reduced 
the primary outcome (combination of stroke and sys-
temic embolism) compared to warfarin (RR: 0.66 [CI: 
0.53–0.82], ARR: 0.59% per year), with a similar 
risk of major bleeding. Notably, annual rates of life 
threatening and intracranial bleeding with the 150-mg 
dose of dabigitran (1.45% and 0.30%, respectively) 
were lower than those observed with warfarin (1.80% 
and 0.74%, respectively), whereas annual rates of 

AF is a potent risk factor for stroke with an 
annualized risk of 3.5% for all comers (12). Current 
guidelines recommend the use of a stroke assessment 
tool to determine optimal antithrombotic therapy. The 
most common of these is the CHADS2

 score, which 
assigns 1 point each for congestive heart  failure, 
hypertension, age ≥ 75 years, and DM, and 2 points 
for a prior history of TIA or stroke. In general, a 
score of 0 indicates a relatively low risk of stroke, 
a score of 1 indicates a moderate risk of stroke, and 
a score of 2 or greater indicates a high risk of stroke. 
Many have argued, however, that the CHADS

2
 score 

can underestimate stroke risk, particularly in those 
deemed low risk.

This has prompted the development of the 
CHA

2
DS

2
-VASc score, which in addition to the 

CHADS
2
 score, assigns a point each to female gender, 

history of vascular disease, and age between 65 and 74 
years, as well as an additional point to age ≥ 75 years. 
The CHA

2
DS

2
-VASc score has the primary benefit of 

further stratifying those patients with low CHADS
2
 

scores into groups that are truly low risk where no 
therapy is needed and higher risk patients where an 
OAC is recommended (7).

Warfarin has been shown to reduce the risk 
of stroke in patients with AF by over 60%, at a cost 
of increased clinically significant bleeding. Current 
ACC/AHA guidelines (6) recommend the use of (a) 
any OAC (with no preference given) in patients at 
high risk of stroke (CHA

2
DS

2
-VASc score ≥ 2), (b) no 

antithrombotic therapy in those at low risk of stroke 
(CHA

2
DS

2
-VASc score of 0), and (c) either no anti-

thrombotic therapy, aspirin, or an OAC in those at 
moderate risk of stroke (CHA

2
DS

2
-VASc score of 1) 

Several risk scores have been developed to 
assess the likelihood of bleeding in those receiving 
anticoagulant therapy (most notably with a VKA). 
The HAS-BLED score, which assigns one point 
each for uncontrolled hypertension, abnormal renal 
function, abnormal liver function, stroke,  bleeding 
history, labile international normalized ratio (INR), 
elderly (age > 65 years) and concomitant drug use 
(eg, NSAID, antiplatelet agent, alcohol) is the most 
widely used among them. Although other bleeding 
risk scores (eg, ATRIA, HEMORR2HAGES) exist, 
the HAS-BLED score has better predictive value than 
the ATRIA score, is less complicated than the HEM-
ORR2HAGES score, and is recommended by the 
ESC (9). A score ≥ 3 generally indicates an increased 
risk of bleeding and mandates caution when using an 
OAC. Patients with high HAS-BLED scores, however, 
also tend to be at exceptionally high risk for stroke. 
Because of this, an OAC should not necessarily be 
withheld from patients with increased bleeding risk, 
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Because dabigitran and rivaroxaban are largely 
renally excreted, they must be dose-adjusted in patients 
with stage 3 to 4 chronic kidney disease and are not 
approved in patients with lesser degrees of renal func-
tion.  Patients taking apixaban, however, require dose 
adjustment for a serum creatinine ≥1.5 mg/dL, if 
another risk factor for bleeding is present. In addition, 
apixaban can be used in patients with end-stage renal 
disease maintained on hemodialysis.  Finally, use of all 
NOACs in AF is limited to those without significant 
valvular heart disease.

SummArY

Antithrombotic therapies remain central to the pri-
mary and secondary prevention of CV disease. In 
each medication class, it is important to balance the 
ischemic benefits against the bleeding risks to deter-
mine the relative benefit. Although the past decade has 
witnessed prodigious advancements with the addition 
of new antiplatelet therapies and novel oral anticoagu-
lants, important questions remain unanswered and are 
the subject of on-going investigation.
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GI bleeding were higher with dabigitran (1.51% vs. 
1.02% for warfarin).

Rivaroxaban is a predominantly renally 
excreted once daily factor Xa inhibitor that was 
approved based on a head-to-head comparison to 
warfarin in the ROCKET-AF study (30). At the 
20 mg dose, rivaroxaban was found to be noninferior 
to  warfarin for the primary endpoint (composite of 
ischemic stroke, hemorrhagic stroke, and systemic 
embolism) (HR: 0.88 [0.74–1.03] in the intention-
to-treat analysis). The annual rates of intracranial 
hemorrhage and fatal bleeding observed with riva-
roxaban (0.5% and 0.2%, respectively) were lower 
than those observed with warfarin (0.7% and 0.5%), 
with a similar rate of  clinically significant and major 
bleeding (14.9% with rivaroxaban and 14.5% with 
warfarin).

Apixaban is an oral, factor Xa inhibitor that 
was the latest of the NOACs to receive FDA approval 
for stroke prevention. The primary support came 
from the ARISTOTLE trial (31), in which 18,201 
patients with AF and a mean CHADS2

 score of 2.1 
were randomized to receive apixaban 5 mg twice 
daily or adjusted-dose warfarin. Apixaban was found 
to be superior to warfarin for the primary endpoint 
(stroke or systemic embolism), with an event rate 
of 1.27% per year with apixaban and 1.6% per year 
with warfarin (HR: 0.79 [0.66–0.95]) that was pri-
marily driven by a reduction in hemorrhagic stroke. 
Compared to warfarin, apixaban was associated with 
a statistically significantly lower rate of major bleed-
ing (2.1% vs. 3.1%) and reduced all-cause mortality 
(3.52% vs. 3.94%). The treatment effect appeared 
to be consistent across multiple subgroups includ-
ing patients who were 75 years of age and older and 
those with renal impairment.

Although not yet approved, the once daily 
factor Xa inhibitor, edoxaban, was evaluated in the  
ENGAGE AF-TIMI 48 trial (32). This study random-
ized 21,105 patients with AF and a mean CHADS2

 
score of 2.8 in a 1:1:1 design to high-dose edoxaban 
(60 mg daily), low-dose edoxaban (30 mg daily), or 
warfarin to achieve an INR goal of 2.0 to 3.0. Non-
inferiority for the low-dose of edoxaban (HR 1.07, 
1.5% vs. 1.61% annual event rate) and superiority for 
the high-dose of edoxaban (HR 0.79; 1.5% vs. 1.18% 
annual event rate) was demonstrated for the primary 
endpoint of stroke or systemic embolism in the modi-
fied intention-to-treat population. The primary safety 
endpoint of annualized major bleeding was 3.43% 
with warfarin versus 2.75% with high-dose edoxaban 
and 1.61% with low-dose  edoxaban. The correspond-
ing annualized mortality rates were 3.17% versus 
2.74% and 2.71%, respectively.
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Epidemiological studies have established the impor-
tance of psychosocial risk factors for coronary heart 
disease (CHD) (1,2). The psychosocial risk factors that 
have been linked to CHD include depression,  anxiety 
syndromes, various negative cognitive thought pat-
terns, chronic stress, social isolation, and poor social 
support. In addition, clinical studies indicate that in 
addition to exercise, poor diet, overeating, and smok-
ing, two other lifestyle habits are also associated with 
increased clinical risk: inadequate sleep and inad-
equate rest and relaxation. As depicted in Figure 11.1, 
psychosocial risk factors promote the development or 
progression of CHD in three ways.

Psychosocial risk factors are directly pathogenic: 
they promote unhealthy behaviors, such as overeating, 
poor nutrition, physical activity, and increased smok-
ing, and their presence inhibits the initiation and adher-
ence to efforts designed to change health-damaging 
habits. Conversely, poor health habits, such as physical 
inactivity and lack of sleep, can increase vulnerability 
to psychosocial stress.

The direct pathogenic effects of psychosocial 
risk factors stems from their persistent activation of 
the hypothalamic pituitary adrenal axis and dysregu-
lation of the sympathetic nervous system. The resul-
tant elevation in serum cortisol levels and enhanced 
sympathetic stimulation and interplay between the 
neuroendocrine and immune systems can produce 
widespread systemic effects, varying in presentation 
according to the type and magnitude of stress (1,2). 
These effects include:

11
Psychosocial Risk Factors 

for Cardiovascular Disease

 n Endocrine abnormalities, including insulin resistance, 
metabolic syndrome, diabetes, and central obesity

 n Autonomic dysfunction
 n Inflammation (eg, elevation in C-reactive protein 

and inflammatory cytokines)
 n Increase in cardiovascular reactivity (ie, exagger-

ated heart rate and blood pressure responses to stress, 
and delayed recovery)

 n Hypertension
 n Endothelial dysfunction
 n Platelet abnormalities
 n Telomere erosion (accelerated aging)
 n Unfavorable alterations in brain plasticity

Unlike the treatment of conventional CHD risk 
factors, such as hypercholesterolemia, hypertension, 
and diabetes, there are no current practice guidelines 
for the treatment of psychosocial risk factors in car-
diovascular practice. However, an increasing evidence 
base, adapted from various clinical studies and other 
aspects of the medical literature, including the rich 
development of medical psychology, provide a clini-
cal basis for approaching psychosocial risk factors, as 
summarized below.

DePRession

Depression has been extensively studied as a CHD risk 
factor and it occurs commonly in cardiac populations. 
Consistent study has shown that the frequency of major 
depression is ∼15% in cardiac populations, which is 

Alan Rozanski, MD, FACC
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regarding other symptoms, such as sleeping difficul-
ties, fatigue, poor appetite or overeating, and suicide 
risk (see Appendix 11.1). In patients with high scores 
(≥10), a more comprehensive clinical evaluation by a 
qualified professional is recommended according to 
the published algorithm shown in Figure 11.2 (5).

The treatment of depression includes both the 
use of antidepressant medications and/or use of psy-
chotherapy. Selective serotonin reuptake inhibitors 
(SSRIs) are the first-line medication of choice for 
treating depression and randomized control trials have 
demonstrated their safety in the treatment of cardiac 
patients including after acute myocardial infarction. 
Following the initiation of antidepressant medica-
tions, patients should be closely monitored for at least 
two months to watch for the development of adverse 
symptoms and to monitor patient adherence.

Psychotherapy for treating depression may 
include either the use of cognitive behavioral therapy 
or interpersonal psychotherapy. Cognitive therapy, 
based on the concept that the quality of our thinking 
affects our emotions, targets helping patients to iden-
tify distortions in their thoughts and behavior patterns 
and assisting them to develop tools to change these 
distortions. Interpersonal psychotherapy attempts to 
reduce depressive symptoms by helping patients in 
their social interactions, targeting such problems as 
social isolation, role conflicts, and prolonged grief.

It should be noted that whether treating depres-
sion will alter CHD prognosis is currently incon-
clusive and awaits further study. In the interim, the 
treatment of depression in cardiac patients still appears 
warranted for reduction of depressive symptoms and 
improvement in lifestyle.

approximately threefold higher than the point preva-
lence of depression in the general  population. In addi-
tion, approximately another 15% of CHD patients may 
manifest subsyndromal levels of depression. Studies 
that have examined the relationship between the sever-
ity of depressive symptoms and cardiac events have 
generally found the presence of a graded relationship 
between the two, and depression, when severe, is of 
comparable strength to other major CHD risk factors.

In a recent meta-analysis of 52 studies, involv-
ing 146,538 subjects, depression was associated with 
a nearly twofold increased risk of myocardial infarc-
tion and/or cardiac death in community cohorts (3), 
and comparable risk for adverse clinical events has 
been noted among patients with known CAD who 
have depression (3,4). Similar risk has been noted for 
depression among patients with known CAD.

A variety of scales has been developed to 
 diagnose depression and is frequently used in epide-
miological research, but a multidisciplinary council 
from the American Heart Association (5) has rec-
ommended at least screening cardiac patients with a 
two-item subscale of the Patient Health Questionnaire 
(PHQ-2) which asks patients:

How often over the last two weeks have you been 
bothered by (0 = not at all; 1 = several days; 2 = more 
than half the days; 3 = nearly every day):

 l Little interest in or pleasure in doing things
 l Feeling, down, depressed, or hopeless

For those indicating a positive answer to either 
question (ie, scores ≥ 2, reflecting the occurrence 
on more than half of days), a 9-item version of the 
PHQ is recommended that further queries patients 

Psychosocial
stress

1 2

Modification of
health

behaviors 
3

Directly
pathogenic

Promote
unhealthy
behaviors 

Figure 11.1 the three ways that psychosocial risk factors promote the development or progression of CHd.
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Exercise has also been recently advocated as a 
treatment for depression, based on cross-sectional and 
epidemiological studies and a series of randomized 
studies that found a large treatment effect for exercise 
compared to other treatments for depression (standard 
treatment, no treatment, or placebo) (6). In addition, 
a series of randomized control studies, including a 
recent study in cardiac patients, has found exercise to 
be comparable to antidepressant medication in allevi-
ating depressive symptoms (7).

Anxiety synDRomes

Early studies regarding anxiety revealed an unclear 
relationship to CHD, partly due to insufficient scales 
for measuring anxiety symptoms. In recent years, 
epidemiological studies have increasingly revealed 
a strong association between anxiety symptoms and 
CHD. For instance, in a meta-analysis of 9 community 
cohort studies, Roest et al. observed a nearly  1.5-fold 

increase in cardiac mortality for those who had 
 anxiety symptoms at baseline (8). Four major anxiety 
syndromes have been linked to increased cardiac risk:

 n Generalized Anxiety Disorder (GAD) consists of 
excessive and generally uncontrollable anxiety or worry, 
present for most days for at least six months, resulting 
in social and occupational dysfunction. In two studies, 
a nearly twofold increase in adverse outcomes has been 
noted among patients suffering from GAD (9,10).

 n Phobias consist of marked and persistent fear of 
objects or situations, which upon exposure, commonly 
provoke anxiety and a fear of acting in a dysfunctional 
manner. In one study of 33,999 males, a graded rela-
tionship was noted between the presence of  phobic 
anxiety symptoms and cardiovascular death (11). The 
group with the highest level of phobic anxiety had 
an odds ratio for cardiovascular death that was three-
fold higher than the lowest symptom group, with the 
attributable risk due primarily to sudden cardiac death. 
Similarly, in the Nurses’ Health Study, the presence of 

At a minimum, screen with 2-item PHQ-2.

If “Yes” to either question

If “Yes” to Q.9 “Suicidal,”
immediate evaluation for

acute suicidality‡

At riskIf safe

Determine appropriate treatment (antidepressants, cognitive
behavioral therapy, or adjunctive interventions)

Carefully monitor for treatment adherence, drug
efficacy, and safety

Major depression†
(PHQ-9 score ≥20)

Mild to moderate,
uncomplicated*

(PHQ-9 score 10–19)

Minimal symptoms
of short duration

(PHQ-9 score <10)

Support, education,
follow-up within

1 month

If symptoms persist
or worsen

Refer for more comprehensive clinical evaluation by a professional qualified in the
diagnosis and management of depression

Emergency
department

Screen with PHQ-9

Figure 11.2 Screening for depression in patients with coronary heart disease.
*Meets diagnostic criteria for major depression, has a PHQ-9 score of 10–19, has had no more than 1 or 2 prior episodes of depres-
sion, and screens negative for bipolar disorder, suicidality, significant substance abuse, or other major psychiatric problems.
†Meets the diagnostic criteria for major depression and 1) has a PHQ-9 score ≥20; or 2) has had 3 or more prior depressive episodes; 
or 3) screens positive for bipolar disorder, suicidality, significant substance abuse, or other major psychiatric problem.
‡if “yes” to Q.9 “suicidal,” immediately evaluate for acute suicidality. if safe, refer for more comprehensive clinical evaluation; if at risk 
for suicide, escort the patient to the emergency department.
(Source: Litchman JH, Bigger Jt, Blumenthal J, et al. depression and Coronary Heart disease: recommendations for screening, refer-
ral, and treatment: A Science advisory from the American Heart Association Prevention committee of the Council on Cardiovascular 
nursing, Council on clinical cardiology, Council of epidemiology and Prevention, and interdisciplinary council on Quality of care and 
outcomes research: endorsed by the American Psychiatric Association. Circulation. 2008;118:1768–1775).
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of 25 studies by Chida et al. found that the presence 
of anger or hostility increased the risk for CHD by 
approximately 20% among community cohorts, and 
increased event risk by 25% among a meta-analysis of 
19 studies involving patients with known CHD (16). 
Increasing interest has also centered on the CHD-risk 
posed by pessimism versus optimism.

In the first such study, Kubzansky et al. noted 
a relative risk for myocardial infarction or cardiovas-
cular death of only 0.44 (95% CI 0.26–0.74) among 
optimistic versus pessimistic men followed for approx-
imately 10 years in the Normative Aging Study (17) 
and optimism was also associated with lower risk of 
CHD and cardiovascular death among 97,253 women 
who were followed in the Women’s Health Initia-
tive (18). A report from the Normative Aging Study 
also found an increased event risk in association with 
worry (19) and indirect data suggest that rumination 
could also be linked to CHD, but formal epidemiologi-
cal study of this cognitive state is presently lacking.

The importance of negative cognitive states is 
also emphasized by data indicating that such states may 
serve as precursor states for depression,  disturb car-
diovascular physiology, and promote negative health 
behaviors, such as poor diet and physical inactivity.

Anger can be successfully treated by referral to 
anger management programs (20). Patients who are 
noted to have excessive pessimism, worry, or rumina-
tion may benefit from referral to trained mental health 
professionals as a preventive strategy to ward off more 
serious downstream emotional sequalae.

ChRoniC stRess

Various lines indicate a strong link between chronic 
stress and CHD. In controlled experimental animal stud-
ies, chronic stress is directly causative of atherosclerosis, 
even among animals on a low cholesterol diet (1). Inves-
tigational study has further linked chronic stress to many 
of the pathophysiological disturbances listed above. Var-
ious situational stressors have been linked to CHD and/
or increased risk of cardiac events including “job strain” 
(ie, high job demand in the face of little job latitude) and 
other forms of job stress, including unemployment (21), 
marital strain (22), and exposure to adverse childhood 
experiences, such as sexual abuse (23).

In the multinational INTERHEART study (24), 
a proportional relationship was noted between the mag-
nitude of stress and risk for myocardial infarction. The 
odds ratio for myocardial infarction in  subjects with 
family or work stress was comparable to that noted for 
more conventional CHD risk factors in this study.

Scales have also been developed for screen-
ing for chronic stress. One such scale is a four-item 

phobic anxiety was associated with an increased risk 
for sudden cardiac death and fatal CHD (12).

 n Panic disorder consists of recurrent panic attacks, 
with persistent concern of more panic attacks or con-
cern for their sequalae. Among 3,369 postmenopausal 
women in the Women’s Health Initiative Observational 
Study, 10% reported full-blown panic attacks, with a 
fourfold increase in cardiac events and a nearly twofold 
increase in all-cause mortality in these patients (13).

 n Posttraumatic stress syndrome consists of the occur-
rence of a characteristic constellation of symptoms that 
continue for >1 month after a traumatic event, such as 
flashback memories or other persistent re-experiencing, 
persistent avoidance of stimuli related to the original 
trauma, numbing of feelings, and hyperarousal, lead-
ing to significant impairment in daily life functioning. 
A recent meta-analysis of six studies found that PTSD 
is associated with a 1.55 (95% CI 1.34–1.79) adjusted 
hazard ratio for CHD, which remained significant after 
further adjustment for comorbid depression (14).

As with depression, anxiety can also be screened 
for by using a two-item subscale of the GAD-7 scale 
that is used to screen for anxiety (15):

Over the last 2 weeks, how often have you been both-
ered by the following problems:

 n Feeling nervous, anxious, or on edge
 n Not being able to stop or control worrying

The two questions are scored on a four point 
scale (0 = not at all, 3 = nearly every day). Those 
with increased scores can then be assessed using the 
GAD-7, as shown in Appendix 2. Elevated anxiety 
scores should be followed by referral of patients to a 
 professional who can provide a more comprehensive 
evaluation as to the type and severity of anxiety symp-
toms and determine the appropriate mode of therapy.

Various treatment options are available to treat 
anxiety symptoms. A mainstay for treating many 
 anxiety syndromes includes the use of cognitive 
behavioral therapy, with modifications, as appropri-
ate, for specific forms of anxiety such as PTSD or 
phobias. Other forms of targeted psychotherapies 
may also be applied. Pharmacological interventions 
include the use of SSRIs or benzodiazepines, which 
may be combined with concomitant psychotherapy. 
For milder forms of anxiety, relaxation techniques and 
problem-solving counseling may be useful.

negAtive Cognitive stAtes

Various negative cognitive states have been investi-
gated as to their relationship to CHD. The most studied 
of these has been hostility and anger. A meta-analysis 
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 support have consistently been shown to increase the 
risk for CHD, cardiac events, and all-cause mortality, 
and strong social support has been found to be a buff-
ering agent against medical illness. In a meta-analysis 
of 148 studies, involving 308,849 participants, both 
functional support and structural support were found 
to be predictors of increased longevity and a complex 
measure of social integration was found to be associ-
ated with a 1.91 (95% CI 1.63–2.23) odds of increased 
survival, an effect size that is comparable to many 
therapeutic interventions, such as smoking cessation, 
and cardiac rehabilitations (26).

Pathophysiological studies indicate multiple 
mechanisms by which poor social support is health-
damaging. Poor social support is also associated 
with an increased prevalence of health-damaging 
behaviors. In addition, in another meta-analysis of 
122  studies, Dimatteo et al. found that various mea-
sures of social support were significant predictors of 
patient adherence (27).

Various questionnaires can be used to screen for 
the quality of emotional and structural support among 
patients. Alternatively, an open-ended question or 
series of questions can be used to query patients 
with respect to the quality of their social lives. As a 
minimum, it behooves physicians to be aware of the 
 community- or hospital-based programs that can pro-
vide the opportunity for social interaction or support 
for patients presenting with significant loneliness 
or lack of social support. Second, when appropri-
ate, physicians can emphasize to patients the need to 
spend more time with friends or families. Third, some 
patients, particularly the elderly, may benefit from 
volunteering, which appears to enhance well-being 
and longevity (28). Finally, for patients experiencing 
a high level of social isolation, referral to social ser-
vices may be indicated.

inADequAte sleeP AnD/oR Rest 
AnD RelAxAtion

Both short and long sleep have been linked to the 
development of CHD (29). Short sleep is of partic-
ular interest because of a temporal trend to volun-
tary decreased sleep time in contemporary society. 
Experimental and clinical study have demonstrated 
that short sleep is associated with an increased risk 
for hypertension, diabetes, and weight gain, as well as 
various mediators of CHD, including abnormalities in 
neuroendocrine function and increased inflammation. 
Insomnia is also a risk factor for CHD, as indicated in 
a recent meta-analysis (30). Data regarding the impor-
tance of downtime and unwinding after work are more 
scant, but epidemiological studies have observed an 

subscale of the perceived stress scale (see  Appendix 3). 
Scales have also been developed to screen for job 
stress, such as the assessment for job strain. Alterna-
tively, it has been suggested that a short open-ended 
review of systems can be conducted to screen for 
undue distress and other psychosocial risk factors as 
well. One that has been proposed includes the follow-
ing seven open-ended questions (2):

 n How would you describe your energy level?
 n How have you been sleeping?
 n How has your mood been recently?
 n What kind of pressure have you been under at work 

or at home?
 n What do you do to unwind after work or at the end 

of the day? Do you have difficulty unwinding?
 n Who do you turn to for support?
 n Are there any personal issues that we have not cov-

ered that you would like to share with me?

Approaches to treatment of chronic stress are 
quite varied and depend on many factors, including the 
objective nature of situational stressors, individuals’ 
appraisals of stress, personality factors, and other life 
circumstances, such as social support, preferred coping 
mechanisms, and the like. At a minimum, physicians 
can make practical suggestions to patients regarding 
positive health practices that they can adopt to support 
themselves during periods of stress. This point is sup-
ported by data which indicate that patients tolerate stress 
better when they feel energetic (25). Thus encouraging 
and helping patients to exercise, obtain more sleep, and 
eat properly can assist some patients in handling stress.

In addition, physicians can make practical 
suggestions regarding rest and relaxation or stress 
reduction practices, such as breathing exercises and 
progressive relaxation techniques, and/or refer patients 
to structured programs, such as mindfulness-based 
stress reduction (MBSR) classes, yoga, or Tai Chi.

Physicians, by listening to their patients discuss 
symptoms they have when they are ill or experiences 
of increased concerns about their health, can also make 
appropriate lifestyle suggestions, such as the need to 
have more unwinding time for patients with long work 
hours, or the need for more vacation time.  Physicians 
can also refer patients with more severe or specific 
forms of life stress to appropriate forms of psycho-
therapeutic intervention, such as cognitive behavioral 
therapy.

soCiAl isolAtion AnD PooR 
soCiAl suPPoRt

The need for positive social connection is a basic 
 psychological need. Loneliness and poor social 

Amsterdam_87864_PTR_11_101-109_9_26_14.indd   105 25/09/14   12:19 PM



106 ASPC MANUAL of PreveNtive CArdioLogy

 n Apply principles of effective behavioral counseling 
(eg, promotion of internal motivation in patients and 
promoting self-efficacy).

 n Concentrate special preventive efforts and support 
among patients with low socioeconomic status.

 n Use recommended interventions, which include indi-
vidual or group counseling, cognitive behavioral ther-
apy, referral to stress management programs, and stress 
management practices (eg, meditation, progressive 
relaxation, breathing exercises, yoga, and biofeedback).

 n Refer patients with clinically significant emotional 
distress to behavioral specialists.

These European guidelines were recently 
updated, with psychosocial interventions receiving 
the class of recommendations for clinical manage-
ment shown in Table 11.1 (34).

summARy

Psychosocial risk factors are prevalent in cardiac popu-
lations and generally manifest a graded relationship 
between the severity of these risk factors and the likeli-
hood of adverse clinical events. Psychosocial risk factors 
manifest their effects through three general mecha-
nisms: (a) they are directly pathogenic; (b) they promote 
unhealthy lifestyle habits; and (c) they impede patient 
adherence to recommended lifestyle interventions.

Screening for depression and anxiety can be per-
formed using a brief, four-item questionnaire (PHQ-4) 
and these and other psychosocial risk factors can also 
be assessed by using a short series of open-ended ques-
tions as part of physicians’ review of systems. Formal 
practice guidelines for the management of psychoso-
cial risk factors do not yet exist in the United States, 
however, there is a wide variety of practical steps that 
physicians can take to manage psychosocial risk fac-
tors in clinical practice, as reviewed in this chapter.

increased risk for clinical events among individuals 
who report difficulty in unwinding after work (31,32).

Sleep questionnaires customarily target a few 
domains of sleep difficulty, such as difficulty falling 
asleep within 30 minutes, waking up in the middle 
of the night with difficulty falling back to sleep, or 
waking up not feeling rested. Alternatively, physicians 
can screen for sleep and unwinding difficulty by add-
ing such targeted questions to their general review of 
systems. For patients with insomnia, sleep hygiene 
measures can be suggested or a trial of a sleeping 
medication may be indicated.

If sleeping difficulties are substantial, patients 
can also be referred to sleep medicine programs 
accustomed to dealing with these issues. In vulnerable 
patients who are restricting their sleep voluntarily 
(eg, those who are highly stressed), the physician can 
also serve as a strong advocate for increasing sleep. 
Patients who have trouble unwinding may be candi-
dates for stress management techniques, such as those 
discussed above.

euRoPeAn guiDelines

Although specific guidelines regarding manage-
ment of psychosocial risk factors do not yet exist in 
the United States, in 2007 a Joint Task Force of the 
European Society of Cardiology in conjunction with 
other European societies on cardiovascular disease 
prevention issued guidelines on CHD prevention that 
included guidelines regarding the management of 
psychosocial risk factors (33). The central elements of 
their recommendations called for the following:

 n Assess for the presence of psychosocial risk factors 
in all patients, with core questions concerning socio-
economic status and social isolation, work and family 
stress, depression, and hostility.

Table 11.1 recommendations for Clinical Management

recommendations Class level* grade

Multimodal behavioral interventions, integrating health education, 
physical exercise, and psychological therapy for psychosocial risk 
 factors and coping with illness, should be prescribed.

i A Strong

in the case of clinically significant symptoms of depression, anxiety, 
and hostility, psychotherapy, medication, or collaborative care should 
be considered. this approach can reduce mood symptoms and 
enhance health-related quality of life, although evidence for a definite 
beneficial effect on cardiac endpoints is inconclusive

iia A Strong

*Level of evidence.
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APPenDix 1

Patient health questionnaire-9 (Phq-9)

Over the last 2 weeks, how often have you been bothered by any of the following problems?

Not at all Several days
More than 

half the days
Nearly every 

day

1. Little interest or pleasure doing things 0 1 2 3

2. feeling down, depressed, or hopeless 0 1 2 3

3.  trouble falling or staying asleep, or 
sleeping too much

0 1 2 3

4. feeling tired or having little energy 0 1 2 3

5. Poor appetite or overeating 0 1 2 3

6.  feeling bad about yourself—or that you 
are a failure or have let yourself or your 
family down

0 1 2 3

7.  trouble concentrating on things, such 
as reading the newspaper or watching 
television

0 1 2 3

8.  Moving or speaking so slowly that 
other people could have noticed; or the 
opposite—being so fidgety or restless 
that you have been moving around a lot 
more than usual

0 1 2 3

9.  thoughts that you would be better off 
dead or of hurting yourself in some way

0 1 2 3

If you checked off any problems, how difficult have these problems made it for you to do your work, take care 
of things at home, or get along with other people?

Not difficult at all Somewhat difficult Very difficult extremely difficult
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APPenDix 2

generalized Anxiety Disorder 7-item (gAD-7) scale

Over the last 2 weeks, how often have you been bothered by any of the following problems?

Not at all
Several 

days
More than 

half the days
Nearly 

every day

1. feeling nervous, anxious, or on edge 0 1 2 3

2. Not being able to stop or control worrying 0 1 2 3

3. Worrying too much about different things 0 1 2 3

4. trouble relaxing 0 1 2 3

5. Being so restless that it’s hard to sit still 0 1 2 3

6. Becoming easily annoyed or irritable 0 1 2 3

7. feeling afraid as if something awful might happen 0 1 2 3

If you checked off any problems, how difficult have these problems made it for you to do your work, take care 
of things at home, or get along with other people?

Not difficult at all Somewhat difficult Very difficult extremely difficult

APPenDix 3

Perceived stress scale-4 item

1. In the last month, how often have you felt that you were unable to control the important things in your life?
__0=Never __1=Almost never __2=Sometimes __3=Fairly often __4=Very often

2. In the last month, how often have you felt confident about your ability to handle your personal problems?
__0=Never __1=Almost never __2=Sometimes __3=Fairly often __4=Very often

3. In the last month, how often have you felt that things were going your way?
__0=Never __1=Almost never __2=Sometimes __3=Fairly often __4=Very often

4. In the last month, how often have you felt difficulties were piling up so high that you could not overcome 
them?
__0=Never __1=Almost never __2=Sometimes __3=Fairly often __4=Very often
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do not recommend exercise testing for routine screening 
in asymptomatic subjects for detection of CHD.

Use as a screening TesT

The purpose of a screening test is either earlier diagno-
sis of disease or risk stratification to allow for effective 
interventions to prevent adverse outcomes. Guidelines 
recommend office-based risk stratification of asymp-
tomatic individuals age 20 to 79 years old using a risk 
factor score to determine global risk, with higher risk 
individuals (10-year predicted risk of CVD ≥ 7.5%) 
treated more aggressively with preventive therapies 
(1). Non-ECG parameters, particularly exercise capac-
ity, add prognostic information beyond risk  factor 
scores, and are more predictive of outcomes than ECG 
evidence of ischemia. However, it is  uncertain whether 
such refinements in prognostic assessment influence 
patient management and outcomes.

safeTy, conTraindicaTions, 
and indicaTions

Exercise stress testing is generally safe, with rare com-
plications including acute MI (0.9 to 3.6 per 10,000 
tests), malignant ventricular arrhythmias (0.3 to 4.8 per 
10,000 tests), and sudden death (0 to 0.5 per 10,000 
tests). The risk is higher post-MI and in patients with 
malignant ventricular arrhythmias (2). Any patient 
with evidence of clinical or hemodynamic instability 
should not undergo exercise testing. Absolute and rela-
tive contraindications for exercise testing (3) and for 
terminating exercise testing are listed in Table 12.2 (2).

Exercise stress testing is a safe procedure in asymp-
tomatic or minimally symptomatic individuals and 
provides both diagnostic and prognostic information. 
A growing body of literature supports the utility of 
nonelectrocardiographic (non-ECG) parameters, 
including exercise capacity, heart rate recovery, 
chronotropic response, and exercise blood pressure 
in determining prognosis in asymptomatic subjects 
beyond traditional risk factors or global risk scores. 
There are no Class I indications for exercise testing 
in asymptomatic individuals in the American College 
of Cardiology/American Heart Association guidelines 
due to insufficient clinical trial evidence of efficacy. 
Exercise testing may be considered in asymptomatic 
subjects prior to starting vigorous exercise if they are 
diabetic, older, at higher risk for coronary heart dis-
ease (CHD) due to comorbid conditions, or involved 
in occupations potentially affecting public safety. 
Exercise testing with imaging should be used as an initial 
test in the following situations: (a)  pre-excitation syn-
drome (Wolff-Parkinson-White), (b) electronically paced 
ventricular rhythm, (c) greater than 1 mm resting ST seg-
ment depression, (d) complete left bundle branch block. 
Although some studies suggest additional prognostic 
value of imaging along with stress testing in asymp-
tomatic individuals, this is not cost effective in low-
risk populations (low event rates and low specificity).

cUrrenT gUidelines

Current guidelines allow for exercise testing in selected 
individuals with risk factors prior to starting a vigorous 
exercise program other than walking (Table 12.1), but 

role of stress Testing

Amil M. Shah, MD, MPH and  
Samia Mora, MD, MHS
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Table 12.1 guideline Recommendations for the Use of Stress testing in Asymptomatic individuals  
without Known CHD

2002 aCC/aHa 
Guidelines for the Use 

of exercise Testing 
in asymptomatic 

Individuals Without 
Known CHD (3)

2010 aCCF/aHa  
Guidelines for assessment  
of Cardiovascular Risk in 
asymptomatic adults (4)

2012 USPSTF 
Recommendation 

Statement: Screen
ing for CHD With 
electrocardiog

raphy (5)

2013 aCC/aHa 
Cardiovascular Risk 

Guideline (4)

Class i

• None • None • None • None

Class iia

• Evaluation of  
asymptomatic persons 
with diabetes mellitus 
who plan to start vigor-
ous exercise. (Level of 
Evidence: C)

• None • None • None

Class iib

• Evaluation of persons 
with multiple risk factors as 
a guide to risk-reduction 
therapy
• Evaluation of asymp-
tomatic men older than 
45 years and women older 
than 55 years:

 ° Who plan to start vig-
orous exercise ( especially 
if sedentary), or

 ° Who are involved 
in occupations in which 
impairment might affect 
public safety, or

 ° Who are at high risk 
for CHD due to other 
diseases (eg peripheral 
vascular disease and 
chronic renal failure)

• Cardiovascular risk 
 assessment in interme-
diate-risk asymptomatic 
adults (including sedentary 
adults considering start ing a 
vigorous exercise program), 
particularly when attention 
is paid to non-eCg markers 
such as exercise capacity 
(Level of Evidence: B)
• Stress MPI: Cardiovascular 
risk assessment in asymp-
tomatic adults with  diabetes, 
a strong family history of 
CHD, or when previous risk 
assessment testing suggests 
high risk for CHD, such as 
CAC score of ≥400 (Level of 
Evidence: C)

• None • None

Class iii

• Routine screening of 
asymptomatic men or 
women

• Stress MPI or stress 
ECHO: Cardiovascular 
risk assessment in low- or 
intermediate-risk asymp-
tomatic adults (Level of 
Evidence: C)

• Asymptomatic 
adults at low risk for 
CHD (Grade: D)

• None

insufficient evidence/no 
Recommendation

• Asymptomatic 
adults at 
 intermediate or 
high risk for CHD 
events (Grade: I)

• The contribution 
of cardiorespiratory 
fitness to risk assess-
ment is uncertain. 
no recommendation 
for or against (nHlBi 
grade: n)
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exercise sTress TesT inTerpreTaTion

The clinically relevant information in interpreting the 
results of any given patient’s test is the likelihood that 
a positive result is truly indicative of disease (posi-
tive predictive value) and that a negative result truly 
excludes disease (negative predictive value), which 
depend on the prevalence of disease in the population 
(ie the pretest probability) (3).

Positive predicted value   
                     Sensitivity × Pretest prob
      

=
    [Sensitivity × Pretest prob] +  

           [(1 − Specificity)(1 − Prestest prob)]

Where: Sensitivity =  [True positive/(True positive  
+ False negative)] × 100

 Specificity =  [True negative/(False positive  
+ True negative)] × 100

 Pretest prob =  Pretest probability of  coronary 
artery disease

Bayes’ theorem states that the probability of 
disease after a diagnostic test is equal to the pretest 
probability of disease multiplied by the probability 
of a true positive result from the test (3). A corollary 
is that the chance of a positive result truly reflecting 
 disease (ie, positive predictive value) will be higher in 
high-prevalence populations and lower in low-preva-
lence populations.

Table 12.2 Absolute and Relative Contraindications to exercise Stress testing and indications for terminating an 
exercise Stress test

Contraindications to exercise Stress Testing
Indications to Terminate an exercise 

Stress Test

absolute • Acute myocardial infarction (within 2 days)
• High-risk unstable angina (as defined in the 
ACC/AHA guidelines for the Management 
of Patients With Unstable Angina/non-St-
Segment elevation Myocardial infarction)
• Uncontrolled cardiac arrhythmias causing 
symptoms or hemodynamic compromise
• Symptomatic severe aortic stenosis
• Uncontrolled symptomatic heart failure
• Acute pulmonary embolus or pulmonary 
infarction
• Acute myocarditis or pericarditis
• Acute aortic dissection

• Drop in systolic blood pressure of > 10 
mmHg from baseline blood pressure despite 
an increase in workload, when accompanied by 
other evidence of ischemia
• Moderate to severe angina
• Increasing nervous system symptoms (eg, 
ataxia, dizziness, or near-syncope)
• Signs of poor perfusion (cyanosis or pallor)
• Technical difficulties in monitoring ECG or 
systolic blood pressure
• Subject’s desire to stop
• Sustained ventricular tachycardia
• ST elevation (≥ 1.0 mm) in leads without diag-
nostic Q-waves (other than v1 or avR)

Relative • Left main coronary stenosis
• Moderate stenotic valvular heart disease
• Electrolyte abnormalities
• Severe arterial hypertension (systolic blood 
pressure >200 mmHg and/or diastolic blood 
pressure >110 mmHg)
• Tachyarrhythmias or bradyarrhythmias
• Hypertrophic cardiomyopathy and other 
forms of outflow tract obstruction
• Mental or physical impairment leading to 
inability to exercise adequately
• High-degree atrioventricular block

• Drop in systolic blood pressure of >10 mmHg 
from baseline blood pressure despite an 
increase in workload, in the absence of other 
evidence of ischemia
• ST or QRS changes such as excessive ST 
depression (> 2 mm of horizontal or downslop-
ing St-segment depression) or marked axis 
shift
• Arrhythmias other than sustained ventricular 
tachycardia, including multifocal PvCs, triplets 
of PvCs, supraventricular tachycardia, heart 
block, or bradyarrhythmias
• Fatigue, shortness of breath, wheezing, leg 
cramps, or claudication
• Development of bundle branch block or 
ivCD that cannot be distinguished from ven-
tricular tachycardia
• Increasing chest pain
• Hypertensive response (systolic blood pres-
sure >250 mmHg and/or diastolic blood pres-
sure >115 mmHg)
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reliably localizes the area of ischemia (3). The devel-
opment of ST segment elevation is not infrequent in 
leads with pre-existing Q waves and is of unclear 
significance among patients with prior MI (3).

Test interpretation: prognosis

Duke Treadmill Score
The Duke treadmill score (DTS) is a commonly used 
prognostic score in exercise testing. The DTS was 
initially developed in 2,842 subjects referred for car-
diac catheterization who had also undergone exercise 
testing for evaluation of symptoms of CHD (8) and 
incorporates three prognostic variables: the largest 
ST segment deviation (horizontal or downsloping ST 
depression, or ST elevation in leads without patho-
logic Q waves excluding aVR, after subtracting any 
resting changes), exercise time on Bruce protocol, and 
Duke angina index. The DTS is defined as:

DTS =  Exercise time (in minutes) – (5 × maximal 
ST deviation in mm) – (4 × angina index).

where angina index 0 = no angina, 1 = typical angina, 
2 = angina reason for test termination. The 5-year 
event-free survival (death or MI) was 93% with low 
risk scores (≥ +5), 86% with intermediate risk score 
(–10 to +4), and 63% with high risk score (≤ –11) 
(8). In unselected outpatients, 4-year survival among 
low-risk patients was 99%, whereas among high-risk 
patients it was 79% (9). The DTS may, however, have 
limited discrimination in elderly subjects.

Non-ECG Prognostic Parameters
Exercise Capacity
Exercise capacity is commonly measured by maxi-
mum oxygen consumption (VO2max

), defined as the 
maximal amount of oxygen a subject can take in 
from inspired air during dynamic exercise (5). When 
peak consumption is achieved, VO

2max
 can estimate 

cardiac output. Exercise capacity can also be quanti-
fied in metabolic equivalents (METs) where 1 MET 
is the basal oxygen uptake during quiet sitting and 
is equal to 3.5 mL/kg/min. Exercise protocols with 
progressive incremental increases in workload tend 
to estimate VO

2max
 more accurately, and should last 

for 6 to 12 minutes to reliably reflect the upper limit 
of the patient’s cardiorespiratory function (5). Com-
pared to the cycle ergometer, treadmill tests tend 
to demonstrate 10% to 15% higher VO

2max
, 5% to 

20% higher peak heart rate, and more frequent ST 

Test interpretation: diagnosis

Determining the pretest probability of CHD: age, 
gender, and chest pain history are the most power-
ful predictors of CHD (1,6), although additional 
factors such as smoking and history of diabetes are 
also predictors (6). The pretest probability of CHD 
for asymptomatic men and women of all ages is con-
sidered low. The presence of chest pain symptoms 
(typical/definite angina > atypical/probable angina 
> nonanginal chest pain) and older age increase the 
pretest probability for men and women. Typical 
angina is characterized by: (1) substernal discomfort, 
(2) precipitated by exertion, and (3) prompt relief by 
rest or nitroglycerin. Atypical angina is defined as 
the presence of two out of three of these characteris-
tics. Nonanginal is defined as less than two of these 
characteristics.

Interpretation of ECG response: ECG mani-
festations of exercise-induced ischemia focus on the 
ST segment deviation, measured relative to the P–Q 
junction (5). Diagnostic ST segment changes include 
horizontal or downsloping ST segment depression of 
≥ 0.10 mV (1 mm) for 60 to 80 ms, with downslop-
ing ST segment depression being more specific 
than horizontal or upsloping ST segment depres-
sion (5). Resting ST segment depression of < 1 mm 
increases the sensitivity but decreases the specific-
ity of exercise testing and exercise ECG testing is 
considered a reasonable first test in these patients 
(3). Ischemic ST segment depression occurring 
only during the recovery phase of an exercise test 
has comparable diagnostic significance to ST seg-
ment depression occurring during exercise. A meta-
analysis of 147 studies involving 24,074 patients 
and comparing exercise-induced ST depression 
with coronary angiography reported a mean sensi-
tivity and specificity of 68% and 77%, respectively, 
although estimates vary widely: from 23 to 100% 
for sensitivity and from 17 to 100% for specificity 
(7). Important methodological limitations that may 
inflate estimates of ST segment depression sensitiv-
ity are (a) inclusion of subjects with high probability 
of having disease, and (b) work-up bias (3). Stud-
ies that avoided these limitations suggest a sensitiv-
ity of 50% and a specificity of 90% associated with 
exercise-induced 1 mm ST segment depression (3). 
Exercise-induced ST segment depression has been 
associated with higher mortality in asymptomatic 
men but not in asymptomatic women (16). Exercise- 
induced ST segment elevation in subjects without 
pre-existing Q waves occurs in an estimated 0.1% of 
patients, is associated with transmural ischemia, and 
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Impaired heart rate recovery is associated with an 
increased risk of death, even after adjustment for 
patient demographics, standard risk factors, and 
perfusion abnormalities on nuclear imaging, and 
independent of exercise capacity and peak chrono-
tropic response. How concurrent use of beta-blockers 
affects the predictive power of heart rate recovery 
is unclear. Subgroup analysis in > 2,400 subjects 
referred for exercise testing, 13% of whom were on 
beta-blocker therapy, did not find any significant 
modification by concurrent beta-blocker use of the 
relationship between impaired heart rate recovery 
and risk of death (17).

Incremental Value of Exercise Capacity and Heart 
Rate Recovery Beyond Traditional Risk Scores
Impaired heart rate recovery, in combination with exer-
cise capacity, provides incremental prognostic informa-
tion beyond traditional global risk scores such as the 
Framingham Risk Score (14) and European SCORE 
(18). Among asymptomatic individuals with low- or 
intermediate-risk Framingham scores (14), low exercise 
capacity combined with heart rate recovery was associ-
ated with an eight- to tenfold higher risk of cardiovascu-
lar death. Both exercise capacity and heart rate recovery 
are at least partially modifiable and may be improved 
with moderate regular physical activity and exercise 
training by approximately 15% to 30% in a period of 
several months.

Blood Pressure Responses
The normal blood pressure response to exercise is 
characterized by a steady rise in systolic blood pres-
sure, little change in diastolic blood pressure, and an 
increase in pulse pressure (systolic minus diastolic 
blood pressure) (5). Exercise-induced hypotension, 
often defined as an initial increase in blood pressure 
followed by a 20 mmHg decrease during exercise or 
by a decrease in blood pressure during exercise > 10 
mmHg below standing rest blood pressure (5), is 
associated with an increased prevalence of  3-vessel 
disease or left main coronary artery disease and is 
associated with a threefold increased risk in death 
at 2-year follow-up. Conversely, exaggerated sys-
tolic blood pressure response to exercise (defined as 
peak SBP > 200–220 mmHg) is associated with an 
increased risk of subsequent hypertension. Based on 
data from the Framingham Offspring Study (19) and 
Lipid Research Clinics Study (20), elevated low-level 
exercise blood pressure (Bruce Stage 2 BP > 180/90) 
is associated with cardiovascular disease events in 
asymptomatic individuals independent of traditional 
risk factors and rest blood pressure.

segment changes (10). Exercise capacity is influ-
enced by age and gender (11,12). Normograms have 
been developed to estimate age-predicted exercise 
capacity:

Extimated age-predicted capacity  
for men = 18.0 − [0.15 × age] [11]

Extimated age-predicted capacity  
for women = 14.7 − [0.13 × age] [12]

Exercise capacity is the most powerful prog-
nostic parameter for future mortality from an exercise 
test, in both asymptomatic and symptomatic subjects, 
and in both men and women (13).

Exercise capacity provides prognostic infor-
mation beyond traditional risk stratification using a 
global risk score in both men and women as discussed 
below (14).

Chronotropic Incompetence
Chronotropic incompetence is defined as the inability 
to achieve the expected increase in heart rate with exer-
cise, possibly reflecting abnormal physiologic para-
sympathetic withdrawal and increased sympathetic 
activity with exercise (15). The chronotropic response 
to exercise is affected by age, resting heart rate, and 
physical fitness, and is commonly evaluated by the pro-
portion of age-predicted maximal heart rate achieved 
during the stress test (peak HR/[220 – age]) (15). Chro-
notropic incompetence has been consistently associ-
ated with increased risk of all-cause and cardiovascular 
mortality, even after adjusting for demographics and 
standard risk factors, and in both referral popula-
tions and healthy asymptomatic individuals (15). In 
asymptomatic individuals, measures of chronotropic 
incompetence appear to provide additional prognostic 
information beyond Framingham risk score (16). The 
majority of studies  assessing the prognostic role of 
chronotropic incompetence excluded patients on beta-
blocker therapy at the time of the exercise test.

Heart Rate Recovery
Heart rate recovery is the rate of decrease in heart rate 
postexercise, and likely reflects parasympathetic reac-
tivation. Heart rate recovery is defined as (15):

Heart rate recovery =  heart ratepeak exercise
 –  

heart rate
1 or 2 minutes post exercise

Impaired heart rate recovery is commonly 
defined as a decrease in heart rate of ≤ 12 bpm within 
the first minute postexercise on a plain treadmill 
test, or ≤ 18 bpm after an exercise echocardiogram. 
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studies due to the increased false-positive rate asso-
ciated with exercise stress and echocardiographic 
 imaging (22).

Myocardial perfusion imaging (Mpi)

The Detection of Ischemia in Asymptomatic Diabet-
ics (DIAD) study was a randomized clinical trial to 
test a strategy of screening pharmacologic (adenos-
ine) MPI versus no screening in asymptomatic indi-
viduals with type 2 diabetes to reduce cardiac events, 
defined as fatal and nonfatal coronary events (23). 
The DIAD study found no clinical benefit over a 
5-year period for routine screening of type 2 diabetic 
patients without history of CAD with adenosine-MPI, 
despite a higher risk associated with moderate to 
large perfusion abnormalities. Despite this, the 2010 
ACCF/AHA Guidelines for assessment of cardiovas-
cular risk in asymptomatic adults (1) does provide 
a Class IIb recommendation (Level of Evidence C) 
for cardiovascular risk assessment with stress MPI 
in asymptomatic adults with diabetes, a strong fam-
ily history of CHD, or when previous risk assessment 
testing suggests high risk for CHD, such as CAC 
score of ≥ 400 (Table 12.1).

exercise echocardiograms

A recent study of 1,859 individuals (mean age 51) 
with no angina, heart failure symptoms, nor history 
of CHD who were referred for exercise testing by 
their healthcare providers found no additional prog-
nostic value to exercise echocardiograms for screen-
ing these relatively asymptomatic individuals but 
confirmed the value of exercise capacity or DTS in 
predicting risk (24).

sUMMary

Exercise stress testing is a safe procedure and pro-
vides both diagnostic and prognostic information 
in asymptomatic or minimally symptomatic indi-
viduals. A growing body of literature supports the 
utility of nonelectrocardiographic parameters—in 
 particular exercise capacity, chronotropic response, 
and heart rate recovery—in determining prognosis 
in asymptomatic subjects beyond traditional risk 
factors or global risk scores. However, data are 
still lacking that the screening use of exercise test-
ing results in improved patient outcomes. There are 

Ventricular Arrhythmias
The prognostic role of exercise-induced ventricular 
ectopy remains controversial (5) with conflicting data. 
Recent studies suggest that exercise-induced frequent 
ventricular ectopy, both during exercise and the recovery 
phase, is associated with increased long-term all-cause 
and cardiac mortality. Frequent ventricular ectopy is 
generally defined as increased frequency of premature 
ventricular contractions (eg, > 7 per  minute or > 10% 
of beats in a 30-s period), ventricular bigeminy or tri-
geminy, couplets or triplets, or ventricular tachycardia.

Silent Ischemia
Silent ischemia is defined as the presence of demon-
strable myocardial ischemia in the absence of angina 
symptoms, and has low prevalence (∼2.5% in asymp-
tomatic men). The burden of silent ischemia reflected 
in the number of ischemic episodes on ambulatory 
ECG monitoring was significantly associated with the 
incidence of ischemic events at 1-year follow-up in the 
Asymptomatic Cardiac Ischemia Pilot (ACIP) study 
(21). Ischemic electrocardiographic response to stress 
has been associated with increased risk of subsequent 
cardiac events but has poor predictive value due to the 
high false-positive rate in low-risk populations.

sTress TesTing WiTh iMaging for 
screening risk assessMenT of 
asyMpToMaTic individUals?

Some studies, but not all, have found additional prog-
nostic value to stress-induced imaging abnormalities 
in asymptomatic or mildly symptomatic populations. 
However, absolute event rates were consistently low 
(even in subjects with abnormal tests) and the sensitivity 
was too low to justify cost-effective use of these tests.

indications for Testing With imaging

In the diagnosis of CHD, exercise testing with imag-
ing as an initial test is only recommended in a  limited 
number of circumstances (22) in which baseline 
ECG abnormalities make interpretation of ischemic 
ST segment deviation unreliable: (a) pre-excitation 
syndrome (Wolff-Parkinson-White), (b) electrically 
paced ventricular rhythm, (c) greater than 1 mm rest-
ing ST segment depression, and (d) complete left 
bundle branch block (3). Subjects with ventricular-
paced rhythms and complete left bundle branch block 
should generally undergo vasodilator stress perfusion 
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currently no Class I indications for exercise testing 
in asymptomatic adults in the American College 
of Cardiology/American Heart Association guide-
lines. Guidelines suggest that testing in asymptom-
atic individuals may be reasonable in the following 
situations: prior to starting vigorous exercise in the 
presence of diabetes, older age (men > 45 years, 
women > 55 years), higher absolute risk for CHD 
due to comorbid conditions such as peripheral vas-
cular disease and chronic kidney disease, or for indi-
viduals involved in occupations potentially affecting 
public safety. 
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13
Role of Carotid Intima-Media 
Thickness Assessment  
in Preventive Cardiology

Carotid intima-media thickness (C-IMT) is a measure-
ment of the combined thickness of the intimal and medial 
layers of the carotid arterial walls. Since the  initial 
description of ultrasonic measurements of intima-media 
thickness by Pignoli et al., its measurement with ultra-
sonography has been well validated against histologic 
measurements in humans (1,2). Given that atherosclero-
sis typically occurs in the subintimal region, C-IMT is 
considered a surrogate measure of atherosclerosis (3–5). 
In this chapter, we review available evidence from epi-
demiologic and clinical studies and discuss the current 
role, recommendations, and guidelines related to the use 
of C-IMT measurements in preventive cardiology.

MeAsuRIng C-IMT

Consensus statements from the American Society of 
Echocardiography (ASE) and from the updated 2011 
Mannheim Carotid Intima-Media Thickness and 
Plaque Consensus provide an excellent framework 
for reproducible measurement of C-IMT (4,5). The 
authors of these statements make the recommenda-
tions shown in Table 13.1.

Patients are usually positioned supine with 
the neck tilted contralateral to the side to be imaged. 
External aids that allow for standard imaging angles, 
such as a Meijer’s arc, should be employed to aid 
in standardizing the neck-probe angle, relative to 
the midline of the patient’s head (Figure 13.1). For 

tortuous vessels, the patient may be asked to further 
extend or rotate the neck to elongate the segment. 
For translation artifacts from pulsatile jugular veins, 
the patient may be asked to perform a midinspiratory 
breath hold maneuver to stabilize the images (4).

Standardized image scanning protocols from a 
large epidemiologic study that has reported C-IMT val-
ues in percentiles by age, sex, and race/ethnicity should 
be used to allow for interpretation of results in the con-
text of an appropriate population (4,5). B-mode ultraso-
nography is preferred for ultrasound imaging for C-IMT 
for capturing an entire carotid segment (4,5). The use of 
M-mode ultrasonography has been reported in previous 
studies of C-IMT. Although it provides higher temporal 
resolution than B-mode ultrasonography, this modality 
has fallen out of favor because it samples only a single 
scan line and may miss thicker carotid wall regions (4).

An ultrasound sweep of the carotid artery in 
transverse should be performed from the neck base to 
the jaw angle to screen for presence of atherosclerotic 
plaque. (See section below on plaque.) The C-IMT usu-
ally appears as a double echogenic parallel line on long-
axis views of the carotid artery by B-mode ultrasound 
(Figure 13.2A) (4,5). Care should be taken to align the 
carotid vessel of interest horizontally in long-axis and 
to maximize the length of the double line for C-IMT  
measurement (4,5). If possible, images should be acquired 
over at least 2 long-axis imaging planes (Meijer’s arc; 
Figure 13.1). Ideally, the “tuning fork” view, where the 
bifurcation of the internal and external carotid arteries are 
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Table 13.1 Comparison of recommendations from the american society of echocardiography and the mannheim 
Consensus

american Society of echocardiography Consensus
Mannheim Carotid Intima-Media Thickness and 

Plaque Consensus

Instrumentation and Display

• State-of-the-art ultrasound system
° Digital image acquisition and storage, preferably Digital 
imaging and Communications in medicine (diCom) format
°	 Phantom scans every 6 months and after any system changes
°	 Semiannual routine preventive maintenance

• Transducer
°	 Linear array
°	 Minimal signal compression (<	10:1)
°	 Fundamental frequency ≥	7 mhz
°	 Footprint ≥	3 cm

• Display
°	 depth 4 cm
°	 Single focal zone
°	 Frame rate ≥	25 hz
°	 high dynamic range
°	 Clear 3-lead electrocardiographic signal
°	 Annotate images to describe segments, angles, and other 
findings

• Carefully adhere to predefined scanning protocols

• High-resolution B-mode system operating in the 
black and white mode, preferentially with linear 
 ultrasound transducers at frequencies >	7 mhz
• Appropriate depth of focus (ie, 30–40 mm), and 
optimal frame rate 25 Hz (15 Hz) provide optimal 
image quality and facilitate edge detection
• Log gain compensation of approximately 60 dB
• Gain settings adjusted to obtain a symmetrical 
brightness on the near and far walls, or in the mid 
part of the field to eliminate intraluminal artifacts
• Each vascular laboratory must perform  quality 
control of their equipment periodically by 
 phantom scans and reliability studies of scans 
and  measurements for  ultrasonographers and read-
ers. Reporting  requirements include the intra-class 
correlation  coefficients to be evaluated for intra- and 
interobserver variability, both for IMT and plaque 
measurements.

Scanning Protocol

• Transverse B-mode scan (3–5 beat cine-loop in each segment)
°	 From proximal common carotid through the middle of the 
internal carotid artery
°	 notch of tranducer oriented to right of patient
°	 Slowly advance probe while keeping vessel in center of screen 
and showing double lines on near and far walls

• Internal and external carotid artery Doppler recordings (one 
frame of each)

°	 Pulsed wave Doppler of proximal 1 cm of each branch
° Sample volume parallel to flow by beam steering and angle 
correction ≤	60°
°  If narrowing seen, obtain pre- and post-velocities to document 

severity
• Longitudinal plaque screen scan (3–5 beat cine-loop from at least 
3 different angles in each segment)

° Near and far walls of common carotid, bulb, and internal 
carotid artery segments
°	 Rotate 90° from transverse plane with notch of transducer 
oriented toward head of patient
°	 Circumferential plaque screen scan from anterior, lateral, and 
posterior imaging angles

• C-IMT imaging (3–5 beat cine-loop and optimized R-wave gated 
still frames at each angle)

°	 Distal 1 cm of each common carotid
°	 Longitudinal images from 3 imaging planes: optimal angle of 
incidence and two complementary angles (anterior, lateral, and 
posterior)
°	 Use cursor to mark location of bifurcation
°	  Display clear images of distal common carotid perfectly hori-

zontal with double lines on near and far walls, indicating true 
perpendicular scanning plane

°	  Optimize transducer depth (usually 4 cm) to 
avoid slice thickness artifacts

• Arterial wall segments should be assessed in a 
 longitudinal view, strictly perpendicular to the ultra-
sound beam
• Both walls should be clearly visualized in order to 
achieve diameter measurements. The optimal diame-
ter should be obtained during diastole by automatic 
 cine-loop detection or by looking for the minimal 
diameter during the cardiac cycle.
• Measurements obtained from radiofrequency sig-
nals are equivalent to those obtained with conven-
tional video signals
• Lateral probe position is recommended as it offers 
the best resolution in the midfield.
• Acquisition of multi-insonation angles increases 
 procedure time consumption without benefit for 
measurements; however, in clinical trials they result 
in better reproducibility and facilitate statistical 
analysis.
• Horizontal arterial image display optimizes the 
 interface between blood and vessel wall structures.
• Imaging of the carotid bifurcation provides a 
 landmark essential in serial imaging.
• Longitudinal and cross-sectional views are required 
to visualize focal atherosclerosis.

Source: Adapted from Refs. (4,5): Stein JH, Korcarz CE, Hurst RT, Lonn E, Kendall CB, Mohler ER, et al. Use of carotid ultrasound to  identify 
subclinical vascular disease and evaluate cardiovascular disease risk: a consensus statement from the American Society of Echocardiography 
Carotid Intima-Media Thickness Task Force. Endorsed by the Society for Vascular Medicine. J Am Soc Echocardiogr. Feb 2008;21:93–111; 
quiz 89–90. Touboul PJ, Hennerici MG, Meairs S, Adams H, Amarenco P, Bornstein N, et al. Mannheim carotid intima-media thickness and 
plaque consensus (2004–2006–2011). An update on behalf of the advisory board of the 3rd, 4th and 5th watching the risk symposia, at the 
13th, 15th and 20th European Stroke Conferences, Mannheim, Germany, 2004, Brussels, Belgium, 2006, and Hamburg, Germany, 2011. 
Cerebrovasc Dis. 2012;34:290–296.
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visualized simultaneously at the flow divider, should be 
obtained to provide internally reproducible landmarks. 
Images should be ECG-gated as variations in C-IMT 
have been observed over the cardiac cycle (6,7). For mea-
surement, the use of semiautomated border detection pro-
grams with validated accuracy has been recommended to 
improve reproducibility (Figure 13.2B) (4,5).

Possible C-IMT Measures  
(Carotid segments)

Different carotid segments have been evaluated for 
their reproducibility in various studies. These com-
parisons have included near versus far carotid wall 
and individual carotid segments (ie, common carotid, 
carotid bulb, internal carotid arterial segments) (8). 
Additionally, published epidemiologic studies have 
used different protocols, reporting maximum thick-
ness or mean thickness over the length of a carotid 
arterial segment or multiple segments (8). These pro-
tocols have also differed in measuring C-IMT either at 
peak systole or at end diastole (6,7).

The current ASE consensus and 2011 Mannheim 
Consensus have suggested that the mean C-IMT mea-
surement of the distal 1 cm of the far wall of each 
common carotid artery and averaging for both sides 
(ie, mean of means) be reported (4,5). However, use 
of means has been controversial as other epidemio-
logic and clinical studies suggest use of the maximum 
C-IMT measurement. The measurement of C-IMT at 
end diastole versus peak systole has also been contro-
versial (6). Although the authors of both consensuses 
have recommended measuring C-IMT at end dias-
tole (4,5), the Atherosclerosis Risk in Communities 
investigators used C-IMT measures acquired at peak 
systole (9). A study from the Framingham Offspring 
was reported to show up to 42% of individuals being 
risk-classified differently depending on the timing in 
the cardiac cycle used (6). Investigators for the Multi-
Ethnic Study on Atherosclerosis (MESA) have also 
noted similar variations across cardiac cycles with up 
to 31% of individuals being classified differently (7). 
In our vascular labs, we have preferred to use mea-
surements obtained at peak systole. Lastly, the use of 
validated semiautomated or automated edge detection 

FIgure 13.1 Meijer’s arc used to standardize neck-probe angles.
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FIgure 13.2 Electrocardiography-gated images of the left common carotid artery (LCCA) in long-axis A) without 
and B) with an intima-media layer (IMT) measurement by a validated semiautomated edge detection program.
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Plaque characteristics could also have value and 
should be noted. Authors of a National Heart, Lung, 
and Blood Institute 2012 report have noted that het-
erogeneous plaques on carotid ultrasounds were more 
likely to be at risk for embolization or thrombosis 
than homogeneous ones (12). In contrast, calcified 
plaques, which have high echogenicity and acoustic 
shadowing, were considered generally stable (12). 
However, the very presence of carotid calcifications 
may be suggestive of atherosclerotic disease presence 
in other vascular beds, still carries prognostic signifi-
cance for cardiovascular outcomes, and should also be 
reported (13,14). Lastly, the advent of 3-dimensional 
ultrasonography (3D US) will likely change the util-
ity of atherosclerotic plaque assessment  (discussed 
later) in cardiovascular disease assessment and 
management (15–17).

use of C-IMT 
In ePIdeMIologICAl sTudIes

C-IMT and Incident Cardiovascular disease

Many epidemiologic studies have explored the asso-
ciation of carotid intima-media thickness alone with 
incident cardiovascular disease and have reported 
significant associations with incident cardiovascular 
events in general populations.

The published results of several large epidemio-
logic studies (>	5,000 participants) with at least a mean 
or median follow-up of 5 years have been included in 
Table 13.2. With the exception of the Malmö Diet and 
Cancer Study, these epidemiologic studies have found 
a significant association between C-IMT and incident 
cardiovascular events (Table 13.2). More recent data 
from the Atherosclerosis Risk in Communities Study 
have supported that the addition of mean C-IMT of 
all segments to traditional cardiovascular risk factors 
may improve reclassification of individuals, with net 
reclassification index (NRI) of 7.1 (95% confidence 
interval [CI] 2.2%, 10.6%) (24).

Other studies in general populations (less than 
5,000 participants) with at least mean or median 
follow-up of 5 years event data have come from the 
Carotid Atherosclerosis Progression Study (CAPS) 
and the Framingham Offspring Study (25,26). In 
CAPS, 4,904 participants (51.8% women, mean 
age 49.7 years) had the mean of means of the far 
wall common and internal C-IMT measured and had 
follow-up over 10 years for CHD events, including 
myocardial infarction and CHD death (25). For every 
0.1 mm common C-IMT increase, the cohort was 
found to have an adjusted hazard ratio (HR) of 1.089  

systems for measuring C-IMT has been recommended 
to reduce intra- and interreader variability (4,5).

Overall, protocols used for measuring C-IMT 
should preferentially come from large epidemio-
logic studies that report C-IMT reference values by 
age, gender, and race/ethnicity. Ultimately, C-IMT 
measures should be reported within the context of a 
normative dataset from an epidemiologic study with a 
population appropriately matched for a given patient’s 
demographics (4).

ReAsons foR InCReAses In C-IMT

Atherosclerosis has been considered a process involv-
ing the intimal and subintimal layers (2,3) whereas 
C-IMT measures the combined thickness of both 
the intima and media. Therefore, although C-IMT is 
typically thought to represent atherosclerosis, it can 
increase due to other disease processes as well (ie, 
other causes that can increase the thickness of the 
intima or media). Some of these other causes include:

 n Medial hypertrophy associated with age-related 
hypertension (10)

 n Vasculitides (Takayasu arteritis, giant cell arteritis)
 n Radiation induced arteriosclerosis

In general, when one considers the relative con-
tribution of the intima and media to the C-IMT mea-
surement, the medial contribution is higher irrespective 
of health or disease (ie, even in atherosclerosis the rela-
tive contribution of the media is more). However, in 
individuals with CVD the relative contribution of the 
intima increases (11). Therefore, given atherosclero-
sis is a subintimal process, the C-IMT measure is not 
an exclusive measure of atherosclerosis alone. Hence, 
plaque, which may be a better representative of the pro-
cess of atherosclerosis, has been evaluated as well.

defInITIon of CARoTId PlAques

Based on the 2011 Mannheim Consensus, carotid 
plaques have been defined as (a) a ≥	0.5 mm or ≥	50% 
focal wall thickening compared with the surrounding 
vessel wall or (b) a focal region with C-IMT >	1.5 mm 
protruding into the lumen and distinct from the adja-
cent boundary on carotid ultrasound (5). The presence 
of significant plaque should be reported because of 
its prognostic implications for development of coro-
nary heart disease and ischemic strokes (see Use of 
C-IMT in Epidemiological Studies), a recommenda-
tion supported both by the ASE consensus and the 
2011 Mannheim Consensus (4,5).
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Table 13.2 Association Between Carotid Intima-Media Thickness and Incident Cardiovascular Events

Study
N; Women 

(%)
age 

(years)
Follow-up 

(y)
C-IMT 

Method event

absolute 
Change in 

C-IMT (mm); 
adjusted Hr 

(95% CI)

C-IMT 
Cut Point; 

adjusted Hr 
(95% CI)

ARIC (18) 12,481; 58 45–64 median 5.2 mean 
of mean 
CCa/ 
bulb/ICA

MI, CHD 
death

0.19; W: 1.38 
(1.28, 1.58),
M: 1.17 (1.04, 
1.31)

highest ter-
tile; W: 3.76 
(1.68, 8.43), 
M: 2.02 (1.32, 
3.09)

ariC (19) 14,214; 55 45–64 median 7.2 mean 
of mean 
CCa/ 
bulb/ICA

Strokes 0.18; W: 1.36 
(1.16, 1.59), 
M: 1.21 (1.05, 
1.39)

highest ter-
tile; W: 2.32 
(1.09, 4.94), 
M: 2.24 (1.26, 
4.00)

mdCs (20) 5,163; 59 46–68 median 7 mean of 
right far 
wall CCA

MI, CHD 
death

0.15; 1.23 
(1.07, 1.41)

highest 
tertile; 1.50 
(0.81, 2.59)

rotterdam 
(21)

6,389; 62 ≥55 Range 7–10 mean of 
max CCA

MI, CHD 
death

0.21; 1.28 
(1.14, 1.44)

highest 
quartile; 1.95 
(1.19, 3.19)

Chs (22) 5,020; 60 ≥65 median 11 mean of 
max CCA/ 
iCa

Stroke, 
MI, CHD 
death

– highest 
tertile; 1.84 
(1.54, 1.79)

mesa (23) 6,562 45–84 Mean 7.8 mean of 
max ICA

Stroke, 
MI, CHD 
death

not reported; 
1.33 (1.18, 
1.49)

–

mean of 
max CCA

MI, CHD 
death

not reported; 
2.10 (1.30, 
3.40)

–

Abbreviations: Ci = confidence interval; CCA = common carotid artery; iCa = internal carotid artery; MI = myocardial infarction; CHD = 
coronary heart disease; ariC = Atherosclerosis Risk in Communities; MDCS = Malmö Diet and Cancer Study; CHS = Cardiovascular 
Health Study.

(P =	0.011) when adjusted for Framingham CHD risk 
factors, and a HR of 1.063 (P = 0.041) when adjusted 
for Systematic Coronary Risk Evaluation (SCORE) 
risk factors (25). In the Framingham study, 2,965 
participants (55.3% women, mean age 58 years) had 
the mean of the common C-IMT and the max of the 
internal C-IMT measured and were followed over an 
average of 7.2 years for incident cardiovascular dis-
ease, including myocardial infarction, CHD death, 
strokes, peripheral arterial disease, and heart fail-
ure (26). This cohort was found to have a HR 2.46  
(95% confidence interval [CI] 1.18, 5.13) for every 
1-mm common C-IMT increase and HR 1.26 (95% 
CI 1.16, 1.36) for every 1-mm internal C-IMT 
increase (26). When internal C-IMT measures were 
used to reclassify individuals, the investigators 

found a significant net reclassification index of 7.6% 
(P < 0.001).

Thus, available epidemiologic studies have sup-
ported an incremental benefit of using C-IMT over tra-
ditional cardiovascular risk factors for risk assessment.

Meta-Analyses

Two recent meta-analyses reported on the associa-
tion of C-IMT with CVD. Lorenz et al. identified 
8 observational studies in 12 publications through 
January 31, 2006, pooling a total of 37,197 subjects 
with age range 19 to 75 years over a mean follow-
up of 5.5 years (27). They found a hazard ratio (HR) 
of 1.26 (95% confidence interval [CI] 1.21 to 1.30) 
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for myocardial infarction and a HR 1.32 (95% CI 
1.27 to 1.38) for stroke, for every 1 standard devia-
tion (SD) difference in C-IMT (27). For every abso-
lute C-IMT difference of 0.1 mm, they found a HR 
1.15 (95% CI 1.12 to 1.17) for myocardial infarction 
and a HR 1.18 (1.16 to 1.21) for stroke (27). They 
observed a nonlinear relationship between C-IMT and 
cardiovascular events.

On the other hand, Den Ruijter et al. identified 
14 observational studies through June 2012, pool-
ing a total of 45,828 individuals with mean age 58 
(range 35 to 75 years) (28). They reported that over a 
median follow-up of 11 years, every absolute C-IMT 
 difference of 0.1 mm was associated with a HR 1.09 
(95% CI 1.07 to 1.12) for any first-time myocardial 
infarction or stroke (28). For the same C-IMT differ-
ence, the authors reported a HR 1.08 (95% CI 1.05 to 
1.10) for myocardial infarction alone and a HR 1.12 
(95% CI 1.10 to 1.15) for stroke alone (28).

Neither meta-analysis pursued a strategy of 
re stratifying intermediate risk individuals using the 
highest (≥	75th percentile) and lowest (<	25th per-
centile) quartiles for appropriately age- and gen-
der-matched groups, as recommended by the ASE 
consensus (4). Nor did these studies include the con-
tribution of plaque to risk or the combined effect of 
both C-IMT and plaque.

Progression of C-IMT

Limited data exist to support the use of serial mea-
surement of C-IMT. One investigation of the Multi-
Ethnic Study on Atheosclerosis (MESA) cohort 
found an association between C-IMT progression and 
incident stroke, showing an hazard risk ratio of 1.23 
per 0.05 mm/year (95% confidence interval 1.02 to 
1.48) increase in the common C-IMT (29). A recent 
study from a European longitudinal cohort study (the 
IMPROVE study) following 3,711 individuals aged 
54 to 79 years showed that although all IMT mea-
sures increased over time, only one IMT measure 
(the fastest IMT max change or the segment with the 
most change in maximum IMT) was associated with 
increased risk of subsequent vascular events (30). 
On the other hand, a meta-analysis of 22 population-
based studies that pooled 36,984 participants with 
257,067 person-years of follow-up reported that the 
mean common C-IMT progressed by 0.001 to 0.030 
mm and the maximal common C-IMT by 0.001 to 
0.065 (31) but was associated with an adjusted hazard 
ratio for incident  cardiovascular events of 0.98 (95% 
CI 0.95, 1.01) (31) for every one standard deviation 
in mean common C-IMT progression suggesting that 

the change in C-IMT was not associated with inci-
dent CVD. However, one of the many limitations 
for this  meta-analysis was the possibility of mea-
surement errors, which newer technologies such as 
 3-dimensional ultrasound tracking and coregistration 
mapping may help to reduce (32). Currently, more 
contemporary studies are needed before serial C-IMT 
measurements can be considered for use in clinical 
practice.

C-IMT Versus Coronary Artery  
Calcium score

Overall, there have been limited data that have reported 
on the relative value of C-IMT when compared to cor-
onary calcium score (CACS) in CVD prediction. The 
MESA investigators compared C-IMT and coronary 
calcium score in (33) 6,698 adults aged 45 to 84 years 
who were followed over a median 3.9 years (maxi-
mum, 5.3 years). The authors reported that for every 
1-SD increment in C-IMT, the adjusted HR (95% CI) 
were 1.3 (1.1 to 1.4) for all cardiovascular disease 
events, 1.2 (1.0 to 1.4, P = 0.01) for CHD events, and 
1.4 (1.2 to 1.8) for stroke events (33). On the other 
hand, for every 1-SD increment in CACS, the adjusted 
HR (95% CI) were 2.1 (1.8 to 2.5) for all cardiovascu-
lar disease events, 2.5 (2.1 to 3.1) for CHD events, and 
1.1 (0.8 to 1.5) for stroke events (33) suggesting that 
CACS had a stronger association with CHD events 
and C-IMT had a stronger association with ischemic 
strokes. However, the authors reported notifying pri-
mary care providers for 17% of participants for high 
CACS and 1% for high C-IMT (33). Whether this led 
to any bias related to the management of subjects and 
how this affected the association between CACS and 
C-IMT with incident CVD is not clear.

In a more elderly cohort, Newman et al. have 
previously reported a comparison between CACS and 
C-IMT measures for incident cardiovascular disease 
(34). In this study, 559 subjects ranging in age from 
70 to 99 years underwent CT scans and carotid ultra-
sonography between 1998–2000 and were followed 
for 5 years (34). In comparing highest with lowest 
quartiles of CACS and C-IMT for incident cardiovas-
cular disease, CACS was associated with an adjusted 
HR of 2.3 [95% CI 1.20, 3.9] whereas the common 
C-IMT was associated with an adjusted HR 2.3 [95% 
CI 1.3, 4.1] (34). When individual events were evalu-
ated CACS had a stronger association with MI and 
common C-IMT with stroke. Neither of these studies 
evaluated the use of plaque along with C-IMT in their 
comparisons. Therefore, currently, only inadequate 
and suboptimal data exist to evaluate the comparison 
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of C-IMT/plaque with CACS; however, in general, 
CACS has been better associated with MI and C-IMT 
with stroke.

Importance of Plaque

A number of epidemiologic studies have examined 
the association of carotid plaques seen on ultrasound 
with incident cardiovascular events, and a summary of 
a few have been included for reference (Table 13.3).

Of the studies in Table 13.3, two large 
 population-based studies have included analyses on 
carotid plaque presence in reclassifying cardiovascular 
risk categories for individuals: the ARIC and the MESA 
studies. In the ARIC study, the net reclassification index 
(NRI) when C-IMT alone was added to traditional car-
diovascular risk factors was previously discussed, sug-
gesting significant improvement in cardiovascular risk 
prediction models. When the presence of carotid plaque 
was added on top of risk factors and C-IMT, the NRI 
increased to 9.9% (95% CI 3.8%, 13.5%) (14). In the 
MESA study, plaques were defined as either any pres-
ence of causing >	25% diameter narrowing at the bulb 
(23). When combined with a model with traditional 
risk factors and mean of maximum common C-IMT, 
the NRI for incident cardiovascular events were 5.7%  
(P = 0.010) and 4.7% (P 	= 0.014), respectively (23).

Additional analyses from the ARIC study have 
found similar improvements in cardiovascular risk 

prediction models with plaque presence and C-IMT 
measurements, regardless if the C-IMT measurements 
come from only the common carotid or from an aver-
age of all carotid artery segments (ie, common, bulb, 
and internal carotid arteries) (35). With an ARIC risk 
score model, the addition of plaque presence and only 
common C-IMT resulted in an NRI of 7.6% (95% 
CI 2.9%, 13.0%), whereas the addition of plaque 
presence and averaged C-IMT resulted in an NRI of 
8.9% (95% CI, 4.1, 14.4) (35). With a Framingham 
risk score model, the NRI was 16.2 (95% CI 11.2%, 
21.9%) for only common C-IMT and 16.5 (95% CI 
11.6%, 23.6%) for averaged C-IMT (35).

A meta-analysis of 11 population-based stud-
ies has also been conducted to examine the asso-
ciation of carotid plaque and of C-IMT with future 
myocardial infarction (36). In this analysis, 54,336 
individuals with mean follow-up of 8 years were 
pooled (36). Although a higher area under the curve 
(AUC) for carotid plaque (0.64 [95% CI 0.61, 0.67]) 
than for C-IMT (0.61 [95% 0.59, 0.64]), there was no 
 significant difference in AUC between the two (36). 
Significant differences in sensitivities and specificities 
for each imaging marker were noted, but very high 
heterogeneity in the analyses was also found (36). 
When the diagnostic odds ratio of future myocardial 
infarction given carotid plaque presence was com-
pared with that of given C-IMT, there were increased 
odds for future MI with carotid plaque (odds ratio 
1.35 [95% CI 1.03, 1.82]) (36).

Table 13.3 Association Between Carotid Plaque Presence and Incident Cardiovascular Events

Study
N; Women 

(%)
age 

(years)
Follow-up  

(y) event

Plaque Presence  
adjusted Hr  

(95% CI)

ariC (14) 12,375; 57 45–64 mean 7.0 MI, CHD death Without AS: 1.47 (1.10, 1.97)
With AS: 2.96 (2.19, 3.99)

ariC (24) 13,145; 57 45–64 mean 15.1 MI, revascular-
ization, CHD 
death

–

mdCs (20) 5,163; 59 46–68 median 7 MI, CHD death 1.81 (1.14, 2.87)

rotterdam (21) 6,389; 62 ≥	55 Range 7–10 MI, CHD death Severe; 1.83 (1.27, 2.62)

Chs (22) 5,020; 60 ≥	65 median 11 Stroke, MI, 
Chd death

High risk; 1.38 (1.14, 1.67)

mesa (23) 6,562 45–84 Mean 7.8 Stroke, MI, 
Chd death

1.49 (1.22, 1.82)

Abbreviations: nri = net reclassification index; CI = confidence interval; AS = acoustic shadowing; MI = myocardial infarction; CHD = 
coronary heart disease; ariC = Atherosclerosis Risk in Communities; MDCS = Malmö Diet and Cancer Study; CHS = Cardiovascular 
Health Study.
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Since then, the European Society of Hyperten-
sion and European Society of Cardiology have also 
endorsed the use of C-IMT measurements, but for the 
screening of asymptomatic organ damage, cardiovas-
cular disease, and chronic kidney disease. In their joint 
2013 guidelines, the ESH/ESC give the  following class 
IIA recommendation (should be  considered, level of 
evidence B from large nonrandomized  studies) (41):

Ultrasound scanning of carotid arteries should 
be considered to detect vascular hypertrophy or 
asymptomatic atherosclerosis, particularly in 
the elderly.

However, more recently, the ACC/AHA Guide-
line for Cardiovascular Risk Assessment does not 
recommend routine measurement of C-IMT in clini-
cal practice for assessing risk of a first CVD event 
(Class IIIb) (45).

In conclusion, current guidelines suggest that 
C-IMT may be useful for refining cardiovascular risk in 
individuals classified as intermediate-risk or for screen-
ing for vascular diseases, especially in the elderly.

long-TeRM ouTlook on C-IMT

The utility of C-IMT in other populations is being 
investigated. An international consortium on cardio-
vascular health in childhood has assembled data on 
5,785 young adults, one of the largest pools of epidemi-
ologic studies in the young with C-IMT  measurements 
(42). The consortium has included the Minneapolis 
Childhood Cohort Studies, the Princeton Follow-up 
Study, the Bogalusa Heart study, the Cardiovascular 
Risks in Young Finns Study, and the Childhood Deter-
minants of Adult Health Study (42). As these cohorts 
age, we will learn the associations between C-IMT 
measured in the young and cardiovascular risk factors 
in middle age, and may find indications for measuring 
C-IMT expanded to this population.

New ultrasound technologies have been in 
development to improve the assessment of C-IMT and 
plaque. Our group has conducted early clinical work 
using coregistration for fusing ultrasound with other 
imaging modalities and for improving upon serial 
assessment of C-IMT (32). Three-dimensional ultra-
sound holds promise in quantifying carotid intima-
media volumes and plaque burden, and groups have 
already begun validation studies of such technolo-
gies (15–17). Landry et al. have reported work with 
early forms of 3D US suggesting reasonable intrao-
bserver and interobserver reproducibility and the 
ability to detect 10% to 30% increases in plaque vol-
ume, depending on absolute plaque volume size (15). 

use of C-IMT And CARoTId PlAque 
foR CHd RIsk AssessMenT

A 10-year CHD risk prediction tool that incorporates 
C-IMT and presence of plaque is available for use at 
http://www.aricnews.net/

WHen To MeAsuRe C-IMT

The use of C-IMT measurements in the clinical setting 
has been controversial. As early as 2002, the National 
Cholesterol Education Program recognized the poten-
tial of C-IMT measurements in restratifying persons 
with multiple risk factors to a higher risk  category but 
expressed reservations because of the lack of standard 
consensus on examination technique (37). In 2009, 
the United States Preventative Services Task Force 
(USPSTF) conducted a systematic review of the 
available evidence regarding C-IMT  measurement. 
The USPSTF concluded that C-IMT measurement 
may be useful in certain settings but could not rec-
ommend incorporating its use in risk  assessment for 
primary prevention (38,39). However, the task force 
also made similar recommendations for a  number 
of emerging risk markers, including coronary artery 
calcium scores, high-sensitivity C-reactive pro-
tein levels, and ankle-brachial index scores (38,39). 
Since the USPSTF recommendations, several studies 
 supporting the value of C-IMT and plaque presence 
in cardiovascular disease risk prediction have been 
published (24,35,36). The USPSTF again pointed out 
the need for consensus in examination techniques and 
the need for further studies (a) to validate its use in 
prospective, population-based cohorts with appropri-
ate assessment of other cardiovascular risk factors and 
(b) to establish its incremental benefit in persons clas-
sified as intermediate-risk by the Framingham risk 
score (38, 39).

The American Heart Association (AHA) and 
American College of Cardiology (ACC) have gone on 
to issue joint recommendations on assessing cardio-
vascular risk in asymptomatic adults in 2010 (40). For 
C-IMT, the guideline task force has endorsed the fol-
lowing class IIA recommendation (reasonable, level 
of evidence B from nonrandomized studies):

Measurement of carotid artery IMT is reasonable 
for cardiovascular risk assessment in asymptom-
atic adults at intermediate risk. Published rec-
ommendations on required equipment, technical 
approach, and operator training and experience 
for performance of the test must be carefully fol-
lowed to achieve high-quality results.
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electrocardiographic (ECG) gating, measures to stan-
dardize neck-probe angle for imaging, and the use of 
validated semiautomated edge detection software (to 
reduce inter- and intraobserver variability) for C-IMT 
performance and measurements. We routinely measure 
C-IMT averaged over a 1-cm length of the far carotid 
wall of the distal common carotid artery but it is reason-
able to include other segments such as bulb and inter-
nal carotid arteries as well. In addition to C-IMT, the 
presence and characteristics of atherosclerotic plaques 
should also be noted in reports. The future will likely 
see the use of 3-D based plaque volume measurements 
replacing the measurement of C-IMT.
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14
Role of Noncontrast Coronary  
CT for Detection of Coronary 
Heart Disease and Cardiovascular 
Disease Risk Stratification

Cardiovascular disease (CVD) carries a major 
 morbidity and mortality. It is the leading cause of 
mortality worldwide for both men and women, with 
coronary heart disease accounting for almost half 
of all CVD deaths (1–3). In the United States, it is 
estimated that 600,000 people die of heart disease 
every year (4). Data suggest that the overall mor-
tality rate from CVD has declined in the last two 
decades, implying improved secondary prevention 
strategies. However, the incidence of CVD remains 
relatively steady, suggesting that more robust pri-
mary prevention efforts are needed (5–7). More-
over, almost  one-half of those with coronary heart 
disease present with either myocardial infarction or 
sudden death (1). To effectively identify individuals 
at risk, several different risk prediction tools have 
been developed and validated combining different 
sets of variables (8–10). Unfortunately, traditional 
risk factors only predict 65% to 85% of future car-
diovascular events (1). Although they identify a 
large proportion of those at risk, they misclassify 
many individuals into low-risk categories who actu-
ally are at increased risk for a major cardiovascular 
event (11).

Over the past decade, there has been increasing 
interest in using noncontrast coronary computerized 
tomography (CT) to screen individuals for coronary 
artery calcium (CAC), which is considered a com-
parable measure of coronary atherosclerotic burden 
in adults. There is an association between the total 
atherosclerotic plaque burden and the future risk of 

an acute cardiovascular event (12). Although it has 
been debated whether calcific or noncalcific plaques 
cause acute rupture leading to an acute event, pres-
ence of extensive calcification specifies the presence 
of both plaque morphologies (13,14). A growing 
body of  evidence suggests that there is an important 
role of noncontrast coronary CT for the identification 
of CAC in both asymptomatic as well as symptom-
atic individuals, which can not only provide impor-
tant prognostic information but also refined risk 
stratification.

In this chapter, we address the role of noncon-
trast coronary CT in asymptomatic and symptomatic 
individuals.

CoRoNaRy aRTeRy CalCium:  
How iS iT meaSuReD aND SCoReD?

Multidetector CT (MDCT) is the most frequently 
used modality to assess coronary artery calcification 
(15). With newer techniques, radiation dose has sig-
nificantly been reduced to approximately 1.0 mSv 
(16). Without the use of any contrast agent, usually 40 
consecutive 2.5 to 3.0 mm thick images are acquired 
using prospective ECG triggering in axial mode 
at a predetermined offset from the R wave. CAC is 
defined as a hyperattenuated lesion above a thresh-
old of 130 Hounsfield units (HU) with an area ≥ 3 
adjacent pixels (at least 1 mm2). CAC is scored using 
either the Agatston method (15) or the volume score 
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method (17). Both methods provide a total CAC score 
that is the sum of the individual scores calculated from 
the lesions visualized in one of the four coronary ves-
sels: that is, the left main, left anterior descending, left 
circumflex, and the right coronary arteries. Zero score 
means no CAC whereas scores of 1–99, 100–399, and 
≥ 400 (or > 75th percentile for age, gender, and race) 
suggest mild, moderate, and significant CAC, respec-
tively. For a particular age, gender, and race, a Web 
tool provides the estimated probability of nonzero 
CAC and the 25th, 50th, 75th, and 90th percentiles 
of CAC score distribution. By entering an individual’s 
age, race, and gender information and the observed 
CAC score, this tool will also provide the estimated 
percentile for the individual’s thereby comparing an 
individual CAC score to others with the same age, 
race, and gender (18,19).

Role of NoNCoNTRaST CoRoNaRy CT 
iN aSympTomaTiC iNDiviDualS

independent association of CaC with Risk 
of future Cardiovascular events

Several studies have assessed the role of CAC among 
asymptomatic individuals and its association with 
future risk of cardiovascular events as well as all-
cause mortality (20–36; Table 14.1). Overall, there is 
consensus among studies that CAC is a strong inde-
pendent predictor for future coronary heart disease 
events as well as all-cause mortality even after adjust-
ing for conventional cardiovascular risk factors.

Data from the Multi-Ethnic Study of Athero-
sclerosis (MESA), on 6,722 men and women free of 
cardiovascular disease at baseline who were followed 
for a median of 3.8 years, showed that among those 
with CAC of 1–100, 101–300, and > 300, the adjusted 
hazard ratios (95% confidence interval) for a major 
coronary event (myocardial infarction or death from 
coronary heart disease) were 3.89 (1.72–8.79), 7.08 
(3.05–16.47), and 6.84 (2.93–15.99), respectively, 
compared to those with a CAC score of zero. Risk 
ratios from this prospective population-based cohort 
were similar to findings reported by prior studies 
(21,26–28,31,34–38).

A recent study from MESA on 6,698 individuals 
also examined the joint association of CAC score and 
cardiovascular risk factors with future risk of coronary 
heart disease events. They categorized the cohort into 
several groups according to the number of risk factors 
(0, 1, 2, or ≥ 3) and CAC score (0, 1–100, 101–300, 
and > 300). Risk factors that they considered included 
current cigarette smoking, hypertension, diabetes, 

family history of coronary heart disease, high LDL-C 
≥ 130 mg/dL, and low HDL cholesterol (< 38 mg/dL 
in men or < 50 mg/dL in women). They found that 
35% of those with ≥ 3 risk factors had a CAC score of 
zero whereas 19% of those with zero risk factor had 
a CAC score of > 300 (Figure 14.1 shows distribution 
of CAC by risk factors). After a mean follow-up of 
more than 7 years, event rates were 3.5-fold lower in 
the former group (3.1/1,000 person-years) compared 
to the latter group (10.9/1,000 person-years) (33).

Another recent study from MESA examined 
the combined association of CAC score and lipid 
abnormalities with future risk of cardiovascular dis-
ease. They divided the cohort into several categories 
according to the number of lipid abnormalities ([no 
lipid abnormality when LDL-C< 130 mg/dL, HDL-C 
< 40 mg/dL for men and < 50 mg/dL for women, and 
triglyceride ≥ 150 mg/dL], 1, 2, or 3 lipid abnormali-
ties) and CAC score (0, 1–99, ≥ 100). Results showed 
that those with CAC score of zero and 3 lipid abnor-
malities had event rate of 5.9/1,000 person-years 
 compared to 22.7/1,000 person-years in those with 
zero lipid abnormality and CAC score ≥ 100 (29).

All these results from MESA further strengthen 
the existing evidence that there is a strong indepen-
dent association between CAC score and future risk of 
cardiovascular events as well as mortality; the higher 
the CAC score, the higher is the risk of future events. 
More important, CAC score is predictive of future risk 
independent of other risk factors.

Studies have also assessed the role of CAC 
score across different ethnic groups and have shown 
that a higher CAC score is associated with higher risk 
of future cardiovascular events across different  ethnic 
groups, and therefore, provides useful predictive 
information for all ethnic groups (24,38).

added value of CaC to Traditional Risk 
factors for Cardiovascular Risk prediction

Framingham risk score (FRS), an inexpensive and eas-
ily accessible tool, has long been widely accepted as 
the standard risk assessment method to predict future 
risk of cardiovascular events. It incorporates age, gen-
der, smoking history, hypertension, total cholesterol, 
and HDL-C to derive estimated risk of developing a 
future cardiovascular event within 10 years, defined 
as angina, myocardial infarction, or coronary death 
(39). However, data suggest that FRSs misclassify a 
large number of individuals into lower risk categories 
when their risk for future events is actually high (11). 
Studies have compared newer markers such as high-
sensitivity C-reactive protein (hsCRP) with FRS to 
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Table 14.1 summary of studies examining the association of coronary artery calcium with Risk in asymptomatic Individuals

author (Year)
Sample 

Size
Duration of 
Follow-Up Study Design exposure Outcome Results

arad et al.  
(37) (2000)

1,172 3.6 years observational cac Death, non-fatal MI 
and revascularization 
procedures

compared to those with cac score < 160, odds ratio of 20 
among those with cac score ≥ 160.

Wong et al.  
(36) (2000)

926 3.3 years observational cac MI, stroke, and 
revascularization

compared to cac = 0, relative risk was 4.5 and 8.8 among those 
with cac 81–270 and ≥ 271, respectively.

Raggi et al.  
(31) (2001)

676 2.7 years observational cac fatal and nonfatal MI compared to those with cac = 0, odds ratio of 21.6 among 
those with cac score at 90th percentile.

Kondos et al. 
(27) (2003)

5,635 3.1 years observational cac Death, MI, 
revascularization

compared to those with cac = 0, relative risk of 7.2 in the highest 
quartile of cac score (170–7,000) for hard events (death & MI).

shaw et al.  
(32) (2003)

10,377 5.0 years observational cac all-cause mortality compared to cac score of 10 or less, relative risk of 4.0 among 
those with cac score of > 1000.

Greenland  
et al. (26) (2004)

1,312 7.0 years Prospective 
population 
based

cac, fRs Nonfatal MI, cHD 
death

cac score significantly improved risk prediction in all categories 
of fRs when fRs is higher than 10%.

arad et al.  
(21) (2005)

4,613 4.3 years Prospective 
population 
based

cac, cRP, 
fRs

ascVD, caD,  
nonfatal MI, and 
death

compared to cac score of < 100, relative risk of 11.1 for caD 
among those with cac ≥ 100.

Vliegenthart  
et al. (35) (2005)

1,795 3.3 years Prospective 
population 
based

cac, fRs cHD, hard cHD (MI 
and cHD  mortality), 
cVD, and total 
mortality.

compared to cac score of 0–100, relative risk of coronary 
events was 8.3 for cac score > 1000.

taylor et al.  
(34) (2005)

1,983 3.0 years Prospective 
cohort

cac, fRs, 
fH of cHD

cHD events 11.8-fold increased risk for cHD among those with the presence 
of cac after controlling for fRs.

lamonte et al. 
(28) (2005)

10,746 3.5 years Retrospective cac Hard events (cHD 
death & nonfatal  MI) 
all events (hard events 
plus revascularization)

four cac categories as: zero cac and sex-specific cac thirds 
(men: 1–38, 39–249, ≥ 250; women: 1–16, 17–112, ≥ 113). 
Rates/1000 person-years for hard events were 0.4, 1.5, 4.8, and 
8.7 in men and 0.7, 2.3, 3.1, and 6.3 in women.

(continued )
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author (Year)
Sample 

Size
Duration of 
Follow-Up Study Design exposure Outcome Results

anand et al. 
(20) (2006)

510 2.2 years Prospective cac, 
myocardial 
perfusion 
imaging

cHD death, nonfatal 
MI, acs, stroke, late 
revascularization

compared to cac score 0 – 100, relative risk of 10.1, 40.7, and 
58.1 for cac 101 – 400, 401 – 1000, and > 1000, respectively.

Nasir et al.  
(30) (2007)

14,812 6.8 years observational cac, Race all-cause mortality compared to non-Hispanic white, relative risk was 16.1 for 
african-americans with cac > 400, 7.9 to 9.0 for Hispanics with 
cac ≥ 400, 6.6 for asians with cac ≥ 1000.

Budoff et al. 
(23) (2007)

25,253 6.8 years observational cac, cHD 
risk factors

all-cause mortality compared to cac = 0, scores of 11 – 100, 101 – 299, 300 – 399, 
400 – 699, 700 – 999, and > 1000 were associated with 2.2, 4.5, 
6.4, 9.2, 10.4, and 12.5-fold increased risk, respectively.

Detrano et al. 
(24) (2008)

25,253 3.4 years Prospective 
population 
based

cac, cHD 
risk factors

MI, cHD death compared to cac = 0, scores of 101 – 300 and > 300 were asso-
ciated with 7.7 and 9.7-fold increased risk, respectively.

Becker et al. 
(22) (2008)

25,253 3.3 years Prospective 
population 
based

cac MI, cHD death compared to cac < 75th percentile, cac score > 75th percen-
tile was associated with higher event rate (MI: 3.6% vs. 1.6%, 
P < 0.05 and cHD death: 2.2% vs. 0.9%).

erbel et al. (25) 
(2010)

 4,129 5.0 years Prospective 
population 
based

cac, fRs, 
NceP  
atP III

Nonfatal MI, 
cHD death

compared to cac = 0, higher cac was associated with a 
significantly higher risk (1.4 – 16.4-fold). adding cac to fRs and 
NceP atP III categories significantly improved risk prediction.

silverman et al. 
(33) (2013)

 6,698 7.1 years Prospective 
population 
based

cac, cHD 
risk factors

cHD events event rates were 3.5-fold lower in those with ≥ 3 risk factors and 
cac = 0 (3.1/1,000 person-years) compared to those with 0 risk 
factor and cac ≥ 300 (10.9/1,000 person-years).

Martin et al. 
(29) (2014)

6,698 7.0 years Prospective 
population 
based

cac, lipid 
abnormali-
ties

cVD those with cac score of zero and 3 lipid abnormalities had 
event rate of 5.9/1,000 person-years compared to 22.7/1,000 
person-years in those with zero lipid abnormality and cac score 
≥ 100.

Abbreviations: cac = coronary artery calcium, MI = myocardial infarction, fRs = framingham risk score, cRP = c-reactive protein, caD = coronary artery disease, ascVD = atherosclerotic cardio-

vascular disease, cHD = coronary heart disease, fH = family history, NceP = National cholesterol education Program, atP = adult treatment Panel, cVD = cardiovascular disease.

Table 14.1 summary of studies examining the association of coronary artery calcium with Risk in asymptomatic Individuals (continued )
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risk for a future cardiovascular event and/or mortality, 
absence of CAC appears to be one of the strongest fac-
tors to provide reassurance that risk for future events 
is significantly lower (40,41). This was reported in 
a meta-analysis of 64,873 asymptomatic individuals 
where they found that among those with zero CAC, 
only 0.47% (154/29,312) had a cardiovascular event 
during mean follow-up of 4.2 years compared to 
4.14% (1,749/42,283) among those with some degree 
of CAC (total relative risk ratio of 0.15, P < 0.001), 
Figure 14.3a (42). This finding is particularly impor-
tant because a large proportion of those with several 
risk factors actually have zero CAC (33).

This was shown in a recent study from the 
MESA cohort that examined the distribution of CAC 
by risk factor burden and reported that a large number 
of individuals with ≥ 3 risk factors have a CAC score 
of zero (35%) (Figure 14.1). The rate of hard coronary 
heart disease events in this group (1.4/1,000 person-
years) was more or less similar to those with fewer 
risk factors: that is, 1.1/1,000 person-years among 
those with only 1 risk factor and CAC = 0. On the 
other hand, it was observed that risk is severalfold 
higher among those with a FRS < 6% who have a CAC 
> 300 compared to those with FRS > 20% but no CAC 
(Figure 14.2). When they ignored the CAC score, risk 
was about twofold higher among those with ≥ 3 risk 
factors compared to those with only 1 risk factor (1.6 
vs. 2.9 compared to those with no risk factors) (33). 

see if there is an improvement in risk prediction above 
and beyond the FRS. However, the improvement has 
been modest, which makes their clinical utility limited 
for this purpose.

On the other hand, studies that have examined 
the predictive ability of CAC score for future risk of 
cardiovascular events and mortality have shown that 
there is marked improvement in risk prediction above 
and beyond the FRS when the CAC score is combined 
with FRS. In one study, it was shown that within each 
risk category of FRS, an increasing level of CAC score 
is associated with a higher risk of nonfatal myocardial 
infarction or coronary heart disease death (26). They 
also demonstrated that the event rates among those in 
the high FRS risk group with a lower CAC score were 
lower than those in the intermediate FRS risk group 
with a high CAC score. This is particularly interest-
ing because the intermediate risk group is actually 
the group where misclassification is the highest and 
improved risk stratification is the most needed.

Similar findings have been noted in other 
 population-based cohort studies (21,24). In MESA, 
the C-statistic for major coronary events was 0.79 
with traditional risk factors as compared to 0.83 
(P = 0.006) when CAC score was added to the model 
with traditional risk factors (24). A summary of these 
studies is shown in Table 14.2. 

Studies have also shown that although a high 
CAC score identifies those at significantly increased 
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Table 14.2 comparison of Predictive ability of coronary artery calcium, traditional Risk factors, and combined for Different cardiovascular outcomes

author (Year) Study Design Outcomes#

Framingham 
Risk Score 

(aUC)
CaC 

(aUC)

Framingham 
Risk Score + 
CaC (aUC)

Traditional CV 
Risk Factors 

(aUC)

Traditional CV 
Risk Factors + 

CaC (aUC) P Value*

arad et al. (37) (2000) observational Nonfatal MI or cHD 
death

0.86 Na

Raggi et al. (31) (2001) observational MI or cHD death 0.71 0.84 <0.001

shaw et al. (32) (2003) observational all-cause mortality 0.72 0.78 <0.001

Greenland et al.  
(26) (2004)

Prospective population 
based

MI or cHD death 0.63 0.68 <0.001

arad et al. (21) (2005) Prospective population 
based

caD events 0.69 0.79 0.0006

Vliegenthart et al.  
(35) (2005)

Prospective population 
based

cHD 0.749 0.774 0.02

anand et al. (20) (2006) Prospective cV events 0.6 0.92 <0.0001

Budoff et al. (23) (2007) observational all-cause mortality 0.61 0.81 <0.0001

Detrano et al. (24) (2008) Prospective population 
based

MI or cHD death 0.79 0.83 0.006

erbel et al. (25) (2010) Prospective population 
based

Nonfatal MI or cHD 
death

0.681 0.749 <0.003

Abbreviations: aUc = area under the curve, cac = coronary artery calcium, cV = cardiovascular, cHD = coronary heart disease, MI = myocardial infarction, Na = not applicable, caD = coronary 
artery disease.
#outcomes for which area under the curve are given in figure 14.2.
*P value comparing area under the curve from the two models given in the table.
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This suggests that incorporation of CAC score into the 
current risk prediction models significantly improves 
risk stratification. Due to a very small risk of a future 
cardiovascular event among those with zero CAC, 
some researchers are actually advocating that lifestyle 
modification alone may be reasonable in this group as 
compared to starting pharmacotherapy if the LDL-C 
is not markedly elevated.

who Should Be Screened with a 
Noncontrast Coronary CT among 
asymptomatic individuals?

According to the 2010 expert consensus document 
by the American College of Cardiology Founda-
tion (ACCF) and the American Heart Association 
(AHA), “Measurement of CAC is reasonable for 
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FigURe 14.2 total (a) and hard (B) coronary heart disease event rates (per 1,000 person-years) with increasing  
coronary artery calcium scores according to framingham risk score category. 
Source: Ref. (33). silverman MG, Blaha MJ, Krumholz HM, et al. Impact of coronary artery calcium on coronary heart disease events in 
individuals at the extremes of traditional risk factor burden: the Multi-ethnic study of atherosclerosis. Eur Heart J. Dec 23 2013.
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cardiovascular risk assessment in asymptomatic adults 
at intermediate risk (10% to 20% 10-year risk)” (43).

According to the 2013 American College of 
Cardiology/American Heart Association guidelines 
on treatment of blood cholesterol in adults, CAC 
screening could be used to determine risk among those 
with LDL-C < 190 mg/dL where treatment decisions 
are uncertain and who do not fall into one of the four 
statin benefit groups. If CAC score > 300, treatment 
with a statin may be considered (44). A brief summary 
of recommendations for CAC screening in adults is 
given in Table 14.3. 

Although those at high risk are candidates for 
aggressive preventive approaches and may not need 
screening by a noncontrast coronary CT for CAC 
determination, we believe that a subgroup among those 
at low risk may benefit from CAC screening, where 
screening might hypothetically be  cost-effective. 
Results from some studies have shown that a large pro-
portion of those considered being at low risk by FRS 
and having a positive family history of premature cor-
onary heart disease have significant CAC (30,45,46).

A recent large study from the MESA cohort 
examined the association of premature family history 
of coronary heart disease with incident and progressive 
CAC. They followed over 5,000 participants for a mean 
of 3.1 years and found that family history of premature 
coronary heart disease is associated with a 55% higher 
odds of future development of CAC, and that those with 
family history have 14.4 units greater CAC than those 
without a family history of premature coronary heart 
disease (47). Because family history is not considered in 
the FRS, traditional risk estimators such as the FRS or 
the ASCVD risk score tend to misclassify a proportion 
of individuals into the lower risk category, when they 
might actually have increased risk for future events. We 

believe this may be the subset of individuals from the 
low-risk group that may benefit from CAC screening.

Studies have also demonstrated that serial CAC 
measurement to track CAC progression may provide 
useful prognostic information (48,49). However, 
 evidence on the role of therapeutic intervention such 
as statins on affecting the rate of progression is contro-
versial (50). With that said, exposing a large propor-
tion of individuals to radiation may not be justifiable 
until we have more good quality evidence that it would 
lead to significant changes in patient management.

In addition to providing important prognostic 
information as well as improving risk stratification, 
emerging evidence also suggests that knowing one’s 
atherosclerotic burden as measured by a noncontrast 
coronary CT may stimulate healthy changes in one’s 
lifestyle as well as may improve compliance with 
protective pharmacotherapy (51 – 53). Whether this 
can reduce future events still needs to be known, and 
well-designed future studies will, it is hoped, be able 
to address this important question.

In summary, there is an important role of CAC 
score in asymptomatic individuals for both prognostic 
reasons as well as risk stratification. Although it identi-
fies individuals at high risk for a future cardiovascular 
event when it is high, it provides reassurance to a large 
group of individuals when it is zero, thereby focusing 
primary preventive efforts on the truly  high-risk indi-
viduals. It may also lead to avoidance of medications 
and unnecessary diagnostic testing in those with zero 
coronary artery calcium.

Role of NoNCoNTRaST CoRoNaRy CT 
iN SympTomaTiC iNDiviDualS

Similar to its role in asymptomatic individuals, the 
prognostic value of the CAC score has been studied 
in those presenting with chest pain. In a pooled meta-
analysis of 3,924 symptomatic individuals, it was 
observed that symptomatic individuals have a lower 
likelihood of having a zero CAC score compared to 
those who are asymptomatic (23% vs. 40%). The 
proportion of those with zero CAC is lower among 
symptomatic individuals, however, they observed that 
only 1.8% of those with a zero CAC score had a future 
cardiovascular event compared to 8.9% of those with 
some degree of CAC (overall risk ratio of 0.09, 95% 
CI: .04–.20), Figure 14.3b (42). 

In this large meta-analysis, they also compared 
the diagnostic accuracy of CAC to the presence of 
myocardial ischemia on stress myocardial perfusion 
imaging and observed that only 7% of those with a 
zero CAC score had evidence of myocardial ischemia 
compared to 13% of those with the presence of CAC on 

Table 14.3 summary of Recommendations for 
coronary artery calcium screening in adults

Measurement of cac is reasonable for  
cardiovascular risk assessment in asymptomatic 
adults at intermediate risk (10% to 20% 10-year risk).

Measurement of cac may be reasonable for 
cardiovascular risk assessment in persons at low to 
intermediate risk (6% to 10% 10-year risk).

among those with lDl-c < 190 mg/dl where  
treatment decisions are uncertain, cac screening 
could be used to determine risk. If cac score > 300, 
treatment with a statin should be considered.

In asymptomatic adults with diabetes, 40 years of 
age and older, measurement of cac is reasonable 
for cardiovascular risk assessment.
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FigURe 14.3 Diagnostic and Prognostic Value of absence of coronary artery calcification.
(Source: Ref. (42). sarwar a, shaw lJ, shapiro MD, et al. Diagnostic and prognostic value of absence of coronary artery calcification. 
JACC. Cardiovasc Imag. Jun 2009;2(6):675–688.) (a) asymptomatic individuals: forest plot of the cumulative relative risk ratio for 
events in no cac versus cac asymptomatic patients. the relative risk ratio is calculated using a Mantel-Haenszel relative risk ratio 
(95% confidence interval [cI]). the individual study relative risks are reported, but the forest plot details a cumulative risk ratio. all 
P < 0.0001. cac = coronary artery calcium. (B) symptomatic individuals: forest plot of the cumulative relative risk ratio for events 
in the no cac versus cac symptomatic patients. the relative risk ratio is calculated using a Mantel-Haenszel relative risk ratio (95% 
confidence interval [cI]). cac = coronary artery calcium.
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a noncontrast coronary CT. When they compared the 
diagnostic accuracy of CAC to invasive  angiography, 
they found that only 2% of those with CAC = 0 had 
significant coronary stenosis defined as greater than 
50%. This means that in this group of patients with a 
zero CAC score, the likelihood of having significant 
coronary stenosis is significantly low, and therefore the 
risk for a future cardiovascular event is likewise smaller 
compared to someone with the  presence of CAC.

The role of noncontrast coronary CT in symp-
tomatic individuals can be discussed by dividing this 
group into two subgroups:

a. In low-risk patients presenting with chest pain, 
CAC could provide useful prognostic information.  
In a large meta-analysis, it was observed that absence 

of CAC had a negative predictive value of 99% for 
the identification of ACS, 93% for significant CAD 
on invasive imaging, and 93% for the identification 
of myocardial perfusion defects. On the other hand, 
when CAC was present, sensitivity for identifying 
these conditions was 99%, 98%, and 88%, respec-
tively (42). In the Rule Out Myocardial Infarction 
Using Computer-Assisted Tomography (ROMICAT) 
study, only 0.27% (1/368) low-risk individuals pre-
senting to the emergency department had acute cor-
onary syndrome when CAC was zero (54). Similar 
findings were noted in other studies (42,55,56).
  Results from the Coronary CT Angiography Evalu-
ation for Clinical Outcomes International Multicenter 
(CONFIRM) registry with over 10,000 participants 
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aggressive preventive strategies. Among those with 
symptoms, it may be a useful tool in the low to low–
intermediate risk group, where a zero CAC score has 
a very high negative predictive value for ruling out 
significant coronary stenosis. It is not recommended 
in the high-risk symptomatic individuals, as it is not 
shown to rule out significant disease with confidence.

A zero CAC score is associated with a signifi-
cantly lower risk for future disease compared to those 
with the presence of CAC even among those with 
many cardiovascular risk factors. Although high CAC 
provides useful prognostic information and helps risk-
stratify individuals into the higher risk categories so 
that aggressive preventive strategies could be applied, 
a zero CAC score is considered as one of the strongest 
negative risk factors, and can help minimize the need 
for unnecessary pharmacotherapy as well as addi-
tional testing in the selected group of individuals.
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CardioProtective Dietary 
Patterns and Preventions 
of Atherosclerotic 
Cardiovascular Disease

Cardiovascular disease remains the leading cause of 
death in both men and women and among all major 
ethnic groups in the United States and other devel-
oped as well as developing countries. According to 
the recently released (November 2013) joint report 
on “Lifestyle Management for Atherosclerotic Car-
diovascular Disease (ASCVD) Prevention” by the 
American Heart Association (AHA) and the Ameri-
can College of Cardiology (ACC) (1) and the Interna-
tional Atherosclerosis Society (IAS) paper (October 
2013) on “Global Recommendations for the Manage-
ment of Dyslipidemia” (2), there is a shift toward rec-
ommending cardioprotective dietary patterns rather 
than individual nutrients or food groups or supple-
ments. This is because dietary components are con-
sumed in combination and work in synergism.

ReCent DietARy GuiDelines AnD 
ReCommenDAtions

Recent guidelines have been published jointly 
by the AHA, ACC, and The Obesity Society 
(TOS) that address management of overweight 
and obesity in adults (3). These recommenda-
tions have evolved from a large evidence base 
demonstrating the importance of lifestyle risk 
factors including dietary habits, physical inactiv-
ity, smoking, and adiposity that are the targets 
for the prevention of cardiovascular disease. In 
addition, it is well recognized that a healthy diet 
and other lifestyle practices also affect novel risk 

pathways for CVD that include inflammation/ 
oxidative stress, endothelial function, thrombosis/
coagulation, and arrhythmia (1,2).

Collectively, this evidence base was the impetus 
for dietary recommendations for heart health that were 
issued by numerous organizations prior to the recent 
release of the guidelines issued by the AHA/ACC and 
IAS. These include the following recommendations: 
the American Heart Association 2020 Impact Goals 
Committee (4); the AHA Nutrition Committees (5–7); 
the 2010 U.S. Dietary Guidelines Advisory Committee 
(8); the World Health Organization Expert Consulta-
tion on Fats and Fatty Acids in Human Nutrition (9); 
the World Health Organization Global Burden of Dis-
eases, Risk Factors, and Injuries Nutrition and Chronic 
Diseases Expert Group (10); and the Institute of Medi-
cine Report on Strategies to Reduce Sodium Intake 
(11). Thus, there is overwhelming support for current 
dietary recommendations for CVD risk reduction.

Figure 15.1 shows the risk factors that affect the 
long-term risk for atherosclerotic cardiovascular dis-
ease defined by the 2013 International Atherosclerosis 
Society (IAS) Global Recommendations for the Pre-
vention of Atherosclerotic Cardiovascular Disease (2).

Figure 15.2 shows the role that lifestyle can 
play in modifying established and novel risk factors 
for cardiovascular (CV) risk. Implementing the life-
style behaviors significantly reduces CVD risk and 
markedly reduces CVD morbidity and mortality. Dys-
lipidemia and hypertension, two key CVD risk fac-
tors, along with other risk factors must be aggressively 
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treated with recommended lifestyle behaviors and 
drug therapy to prevent coronary heart disease (12). 

The AHA 2020 goals are to improve the CV 
health of all Americans to reduce CVD morbidity 
and mortality by 20%. To attain this goal, the AHA 
released a tool, “Life’s Simple 7™” Heart Health 
 Factors (4):

1. Get active
2. Control cholesterol
3. Eat better
4. Manage blood pressure
5. Lose weight

6. Reduce blood sugar
7. Stop smoking

Lifestyle recommendations by the AHA/ACC 
and the IAS are listed in Tables 15.1 and 15.2, respec-
tively (1,2). The AHA, ACC, and the IAS agree on the 
following recommendations (1,2).

 n Strong evidence supports that adults should con-
sume a dietary pattern that emphasizes vegetables, 
fruits, and whole grains; includes low-fat dairy prod-
ucts, poultry, fish, legumes, nontropical vegetable 
oils and nuts; and limits intake of sodium, sweets, 

Figure 15.1 screening for risk factors affecting long-term risk for atherosclerotic cardiovascular disease 2013 
international atherosclerosis society (ias) www.athero.org.

Source: adapted from ref. 2. the international atherosclerosis society Position Paper: Global recommendations for the 
Management of dyslipidemia. accessed February 20, 2013, www.athero.org

atherogenic lipoproteins (LdL and vLdL) initiate and promote atherogenesis 

 l alone can cause premature asCvd

other risk factors accelerate atherogenesis

 l Cigarette smoking 
 l Hypertension 
 l diabetes 
 l Low HdL 
 l Genetics (family history)

Figure 15.2 established and lifestyle risk factors that need to be improved to lower cardiovascular disease risk. 
Source: adapted from Mozaffarian d, Wilson PW, Kannel WB. Beyond established and novel risk Factors Lifestyle risk Factors for 
Cardiovascular disease. Circulation. 2008;117:3031–3038.
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Table 15.1 american Heart association & american College of Cardiology Joint dietary Lifestyle 
recommendations for Lipid disorders and Blood Pressure reduction 

lipid Disorders

• Consume a cardioprotective dietary pattern such as the DASH Dietary Pattern (Dietary Approaches to Stop 
Hypertension), the Usda Food Pattern, or the american Heart association dietary Pattern. a cardioprotective 
dietary pattern emphasizes the intake of vegetables, fruits, and whole grains, low-fat dairy products, poultry, 
fish, legumes, nontropical oils, and nuts while limiting the intake of sweets, sugar- sweetened beverages, and red 
meats.

• Caloric intake should be appropriate for achieving and maintaining optimal weight. Integrate the patients’ caloric 
requirements to achieve and maintain optimal weight, personal and cultural food preferences, and nutrition therapy 
for other medical conditions (e.g., diabetes mellitus, dyslipidemia, metabolic syndrome).

• Reduce intake of saturated fat to 5% to 6% of calories. Strong evidence shows that reduction in LDL-C was 
achieved when saturated fat intake was reduced from 14% or 15% to 5% or 6%. A high saturated fat intake is not 
consistent with consuming a cardioprotective dietary pattern.

• Decrease in intake of trans-fatty acids lowers LdL-C with little or no effect on HdL-C or triglycerides. the reduc-
tion in LdL-C is consistent regardless of whether the trans-fatty acids are replaced by carbohydrates or monoun-
saturated or polyunsaturated fatty acids. the Fda has ordered the removal of trans-fatty acids from the U.s. food 
supply. However, it is still present in meat and dairy products in small amounts in the U.s. diet.

• Dietary planning and nutrition counseling is often facilitated by referral to a nutrition professional such as a 
registered dietitian nutritionist (rdn).

blood Pressure reduction

• Blood pressure reduction can be achieved by following dietary meal patterns such as the DASH Dietary Pattern, 
the Usda Food Pattern, or the aHa dietary Pattern. the dasH and dasH-sodium dietary Patterns provide 
highest quality evidence for improvements in lipid profiles and blood pressure. this evidence was supplemented 
by studies of low quality in which various adaptations of the Mediterranean dietary pattern were tested and also 
found to reduce blood pressure. evidence suggests that the effects of the recommended dietary patterns persist as 
long as the dietary pattern is consumed by adults with hypertension and prehypertension. studies in men, women, 
african americans, non-african americans, in older and younger adults replicated these findings. this dietary pat-
tern’s effect on BP is independent of changes in weight and sodium intake. The magnitude of effect is sufficient 
to prevent progression from pre-Htn to Htn, promote nonpharmacological BP control in those with Htn, and 
supplement pharmacological blood pressure lowering.

• Reduction of sodium intake lowers blood pressure in adults 25 to 80 years of age with BP 120–159/80–95 mmHg.  
Consume no more than 2,400 mg/d of sodium. Further reduction to 1,500 mg/d is desirable because it is associ-
ated with an even greater reduction in blood pressure. Reducing sodium intake by at least 1,000 mg/day will 
lower blood pressure even if the limit of 2,400 mg/day is not reached.

• Combine the DASH dietary pattern with lower sodium intake. Both a healthy dietary pattern and reduced 
sodium intake independently reduce BP. However, when these two dietary changes are  combined, the BP 
 lowering effect is even greater.

• Dietary planning and nutrition counseling is often facilitated by referral to a nutrition professional such as a 
registered dietitian nutritionist (rdn).

Source: Adapted from Ref. (1). 2013 AHA/ACC Guidelines on Lifestyle Management to Reduce Cardiovascular Risk: A Report of 
the American College of Cardiology/American Heart Association Task Force on Practice Guidelines. Eckel RH, Jakicic JM, Ard JD, 
et al. Circulation. november 12, 2013.

sugar-sweetened beverages, and red meats. Adapt this 
dietary pattern to appropriate calorie requirements, 
personal and cultural food preferences, and nutrition 
therapy for other medical conditions (including diabe-
tes mellitus). Achieve this pattern by following plans 
such as the DASH dietary pattern, the USDA Food 
Pattern, or the American Heart Association Diet.

 n Cardioprotective dietary patterns including the 
Dietary Approaches to Stop Hypertension (DASH), 
the USDA dietary pattern, AHA dietary pattern, and 
Mediterranean dietary pattern are recommended 
based on high quality of evidence (DASH, USDA, 
AHA) and low strength of evidence (Mediterranean), 
respectively (1,2).

Amsterdam_87864_PTR_15_142-155_9_26_14.indd   144 26/09/14   2:14 PM



15: CardioProteCtive dietary Patterns 145

 n Reduce percent of calories from saturated fat and 
trans fat (1,2). Strong evidence suggests that reducing 
saturated fat intake to no more than 5% to 6% of energy 
intake and reducing trans-fat intake lower LDL-C (1).

 n Limit sodium intake to no more than 2,400 mg/
day; for greater blood pressure reduction a further 
reduction in sodium to 1,500 mg/day is desirable. 
There is strong evidence that a reduction in sodium 
intake lowers blood pressure. Moderate evidence 
further supports that reduction of sodium intake 
along with a DASH-style dietary pattern lowers 
blood pressure more than reducing sodium intake 
alone. Strong evidence supports that reducing 
sodium intake by 1,150 mg/day lowers blood pres-
sure by 3–4/1–2 mmHg (1).

 n Dietary planning and nutrition counseling is often 
facilitated by referral to a nutrition professional such 
as a registered dietitian nutritionist (RDN) (1).

 n Engage in 2 hours and 30 minutes a week of moderate- 
intensity or 1 hour and 15 minutes (75 minutes) a week 
of vigorous-intensity aerobic physical activity, or an 
equivalent combination of moderate- and vigorous- 
intensity aerobic physical activity. Aerobic activity 
should be performed in episodes of at least 10 min-
utes, preferably spread throughout the week (1).

 n Achieve and maintain a healthy weight. Refer to the 
2013 Obesity Expert Panel Report (3) for recommen-
dations on weight loss and maintenance (1).

Overall, the 2013 IAS and the 2013 AHA/
ACC recommendations include consumption of a 

Table 15.2 diet recommendations from international atherosclerosis society for LdL Cholesterol Lowering

1. Reduce the intake of saturated fatty acids to < 7% of total calories, and at least to < 10%; decrease intake of 
trans-fatty acids to < 1% of total calories and reduce intake of dietary cholesterol to < 200 mg/day. Recently the 
Fda ordered a complete removal of trans-fatty acids from the U.s. food supply. However, trans-fatty acids are 
still present in meat and dairy products. if fat is consumed above the recommended amounts for saturated and 
trans-fatty acids, it should be in the form of unsaturated fatty acids. Flexibility in total fat intake could be based 
on cultural preferences. For example, in Pacific Rim countries, the usual total fat intake could be lower (20–25% of 
calories). In Mediterranean countries, usual total fat intake could be higher (30–35% of calories).

2. nutrient needs must be met and energy intake should be appropriate to achieve and maintain a healthy body 
weight. Measure body mass index (BMi) in all patients. national standards for BMi should be used when using 
BMi to classify weight status.

3. alcohol intake should not exceed 2 servings daily for men and 1 serving daily for women.

4. obesity and physical inactivity contribute importantly to development of the metabolic syndrome. For patients 
with this syndrome, weight reduction and increased physical activity can reduce metabolic risk factors.

5. Consume foods low in sodium and high in  potassium. sodium intake should be < 2 g per day and < 1,500 mg 
for individuals at risk.

6. Consume high intakes of fruits, vegetables, and fiber. Replace excessive saturated fat intake with either com-
plex, fiber-rich carbohydrates (whole grains) or monounsaturated/polyunsaturated fatty acids. Consume some fish 
rich in n-3 fatty acids. include cardioprotective foods such as nuts, seeds, and vegetable oils.

7. Include plant sterols/stanols (2 g/day) and soluble/viscous fiber (10 to 25 g/day) as a dietary adjunct to further 
lower LdL-C levels.

Source: adapted from ref. (2). Grundy sM, arai H, Barter P, Bersot tP et al. an international atherosclerosis society Position 
Paper: Global recommendations for the Management of dyslipidemia www.athero.org (accessed nov 20, 2013).

relatively high intake of fruits, vegetables, replace-
ment of excess saturated fatty acids with either 
complex, fiber-rich carbohydrates (emphasis on 
whole grains) or monounsaturated/polyunsaturated 
fatty acids, some fish rich in omega-3 fatty acids, 
and inclusion of nuts, seeds, and vegetable oils. A 
reduction in intake of trans-fatty acids is also recom-
mended. In addition, the IAS also recommends plant 
sterols/stanols (2 g/day) and soluble/viscous fiber 
(10 to 25 g/day) as a dietary adjunct to further lower 
LDL-C levels (2). Similar to the recommendations 
of the 2010 Dietary Guidelines for Americans Com-
mittee (8) by the Departments of Health & Human 
Services (DHHS) and the United States Depart-
ment of Agriculture (USDA), there is an emphasis 
on whole food dietary patterns rather than a focus 
on individual nutrients. For lowering LDL-C and 
blood pressure, the guidelines recommend three to 
four sessions per week of 40 minutes of moderate-
intensity physical activity for lowering blood pres-
sure and LDL-C (1,2).

The guidelines also call for additional research to 
investigate which exercise patterns might be optimal and 
how primary-care providers, health systems, public-health 
agencies, local and federal government, community orga-
nizations, and other stakeholders can “effectively” and 
“cost-effectively” help patients adopt these recommenda-
tions. They also acknowledge that more research is needed 
about the effect of racial, ethnic, and socioeconomic fac-
tors on the adoption of these recommendations (2).
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obesity mAnAGement GuiDelines by 
AmeRiCAn HeARt AssoCiAtion (AHA) &  
tHe obesity soCiety (tos)

There are 155 million U.S. adults who are overweight, 
as defined by a body mass index (BMI) of 25 to 29, or 
obese with a BMI of 30 or higher. Obesity is associ-
ated with an increased risk of stroke and heart attack, 
as well as increased risk of all-cause mortality. A sus-
tained weight loss of 5% to 10% in the first six months 
is recommended. The AHA/TOS guidelines recom-
mend calculating BMI of each patient at least annually 
and measuring waist circumference (3). Table 15.3 
shows the definitions of overweight and obesity by the 
AHA/TOS guidelines. A waist circumference of > 35 
inches for women and > 40 inches for men increases 
risk of chronic diseases. Table 15.4 shows the evalua-
tion and treatment guidelines issued by the AHA/TOS.

Treatment approach for weight management by 
AHA/TOS (3):

 n Include the explanation of reduced-calorie diets, 
increased physical activity, and behavioral programs 
that encourage adherence.

 n Direct patients to work through their primary-care 
provider to access a registered dietician, behavioral 
psychologist, or trained weight-loss counselor. Specific 
mention is made that in 2014 under the Affordable 
Care Act, these services should be supported by third-
party payers, including private insurance. At least “two 
to three in-person meetings per month” are optimal. A 
minimum of 14 visits over 6 months is recommended.

Table 15.3 definition of overweight  
and obesity (3)

Classification bMi (kg/m2)

Underweight <18.5

normal 18.5–24.9

overweight 25.0–29.9

obesity

 Class i 30.0–34.9

 Class ii 35.0–39.9

 Class iii  
 (extreme obesity)

≥40

Source: Adapted from 2013 AHA/ACC/TOS Guideline for 
the Management of overweight and obesity in adults. 
Circulation. 2013: Published online before print november 
12, 2013, 10.1161/01.cir.0000437739.71477.ee.

Table 15.4 evaluation of overweight  
and obesity 

• Body mass index calculated annually or more 
frequently.
• A baseline score of 25–29 continues to define over-
weight and 30 and over defines obesity.
• Waist circumference measured during annual 
visits, and more frequently in overweight or obese 
individuals. Levels over 40 inches in men and over 
35 inches in women define abdominal obesity 
(although different cutpoints have been proposed by 
the international diabetes Federation for european 
Caucasians, asians and other groups).
• Patients should be counseled on modest weight 
loss (3–5% of body weight) as this can result in mean-
ingful benefits in reducing diabetes and cardiovascu-
lar disease risk factors.
• Reduced calorie intake and increased physical 
activity for overweight and obese individuals.
• Counseling with a weight management interven-
tionist should be done at a high-intensity in an indi-
vidual or group program lasting at least six months 
with a minimum of 14 sessions.

Source: Adapted from 2013 AHA/ACC/TOS Guideline for 
the Management of overweight and obesity in adults. 
Circulation. 2013: published online before print november 
12, 2013, 10.1161/01.cir.0000437739.71477.ee. (3)

The guidelines also note that obesity is an eco-
nomic liability. Obese patients incur an increase of 
46% of in-patient costs, 27% more physician visits 
and out-patient costs, and a staggering 90% increase 
in prescription-drug spending. It has been estimated 
that obesity cost the U.S. economy $147 billion in 
increased health care costs in 2008.

Morbidly obese individuals with BMIs of > 40 
or BMIs > 35 with comorbidities who have not suc-
ceeded with conventional weight loss methods should 
be advised that bariatric surgery may be an appropri-
ate option to improve health. Referral to an experienced 
bariatric surgeon is advised and surgery can result in 
a weight loss of 16% that is sustained for 10 years. 
Fasting glucose and insulin levels are reduced, but BP 
can increase after 10 years following surgery; hence, 
ongoing patient monitoring is necessary. Postoperative 
complications are infrequent with laparoscopic adjust-
able gastric banding, at 1% to 3%, including DVT, 
reoperations, and wound infection. The panel “did not 
review comprehensive evidence of pharmacotherapy 
for weight loss.” It stated that the addition of orlistat 
was associated with a reduction in fasting blood glucose 
 levels (3).

According to the AHA/ACC/TOS overweight 
and obesity management guidelines, the strength of 
the evidence was high for the following (3):
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 n A 5% to 10% reduction in weight is considered “suc-
cessful.” Weight losses of 2.5 to 5.5 kg over two years 
or more achieved with lifestyle intervention reduced 
the risk of developing diabetes by 30% to 60%.

 n Individuals with diabetes who lost 9 kg to 13 kg had 
a 25% decrease in mortality compared with weight 
stable patients. Failing to lose weight is associated 
with a higher risk of ischemic and hemorrhagic stroke.

 n A 3-kg weight loss was associated with a weighted 
mean reduction in triglycerides of at least 15 mg/dL.

 n A 5- to 8-kg weight loss was associated with low-
density lipoprotein cholesterol (LDL-C) reductions of 
approximately 5 mg/dL and increases in high-density 
lipoprotein cholesterol (HDL-C) 2 to 3 mg/dL.

 n With < 3-kg weight loss, more modest and more 
variable improvements in triglycerides, HDL-C, and 
LDL-C are observed. 

The guidelines recommend “high-intensity” 
lifestyle interventions including recommendations 
for a diet that provides 1,200 to 1,500 calories per 
day for women and 1,500 to 1,800 calories per day 
for men. Although 150 minutes per week of exercise 
is a typical recommendation, 200 to 300 minutes per 
week can be recommended to maintain weight loss or 
to minimize weight regain. Self-monitoring of food 
intake, physical activity, and weight monitoring are 
recommended to maintain weight loss. Face-to-face 
meetings are recommended as well as electronically 
delivered information by trained interventionists. 
There was no difference in weight loss irrespective of 
whether these were individual or group support meet-
ings. If phone contact is maintained for periods of up 
to 2.5 years, weight regain is reduced (3).

RefeRRAl to A nutRition 
PRofessionAl 

Medical nutrition therapy by a registered dietitian 
nutritionist (RDN) is an integral part of CVD preven-
tion. It includes nutrition education, nutrition counsel-
ing, and coordination of care. Patients often do not 
present with only one medical condition or illness. 
Frequently they have multiple comorbidities including 
dyslipidemia, hypertension, diabetes, weight manage-
ment, and metabolic syndrome (1). In the primary care 
setting, a RDN can counsel patients concurrently with 
the primary care physician. This counseling approach 
in an outpatient physician office in the primary care 
setting is effective in achieving and maintaining weight 
loss and to optimize blood pressure and lipids. In addi-
tion, it is reimbursable in the primary care setting (3).

After screening for risk factors, a referral for 
medical nutrition therapy (MNT) to a RDN could be 

made to personalize a cardioprotective dietary pattern 
for treating dyslipidemia, overweight, metabolic syn-
drome (MetS), diabetes (DM), and/or hypertension 
(HTN). Strong evidence supports the importance of 
multiple visits with a RDN to reduce LDL-C, TG, 
HTN, dysglycemia, and BMI (13–22).

DietARy PlAnninG AnD nutRition 
CounselinG

 n Facilitated by referral to a nutrition professional 
such as a RDN (1) includes three components:  
(i) nutrition assessment, (ii) nutrition diagnosis, and 
(iii) nutrition intervention (23–25).

1. nutrition Assessment

Nutrition assessment is an ongoing process that 
involves data collection at initial and follow-up ses-
sions, and ongoing evaluation of patient/client data as 
well as patient/client needs. At the beginning of each 
session it is important to assess the reasons why the 
patient has scheduled the appointment. For example, 
a patient’s response to a question such as, “What is 
your most important reason for being here today?” 
can help determine his or her readiness to change. 
Questions such as, “What are your goals for our ses-
sion today?” could help to personalize each nutrition 
counseling session and address patient/client needs. 
Information for nutrition assessment when seeing 
patients with lipid disorders, hypertension, diabe-
tes, metabolic syndrome, and weight management 
includes:

 n Biochemical Data: laboratory data for lipids, glu-
cose, kidney function, and other nutrition-related 
tests, for example, lipid/lipoprotein profile, compre-
hensive metabolic panel, A1c, vitamin D, complete 
blood count, hs-CRP, LP(a).

 n Nutrition-Focused Physical Findings: body 
weight, blood pressure, body fat assessment.

 n Anthropometrics: height, weight, BMI, waist cir-
cumference, and weight change over time.

 n Client History:
 l Age, gender, race/ethnicity, language, literacy, 

occupation, and education
 l Medical/health history: medical treatment, goals 

of nutrition intervention and prescribed medica-
tions related to the medical condition for which 
nutrition intervention is being implemented

 l Socioeconomic history: social and family support, 
cultural and religious beliefs, and socioeconomic status
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 l Patient/client food and nutrition-related medical/
health history

 l Other medical or surgical treatments, and current 
use of alternative medicine

 n Food/Nutrition-Related History: food and bever-
age intake; energy and macronutrient intake; meal-
snack pattern; bioactive compounds (e.g., use of 
nutrient and fish oil supplements, herbal products, 
etc.); food availability; physical activity; and readi-
ness to change nutrition-related behaviors. Table 15.5 
shows a list of questions that should be asked of 
patients when taking a diet history (25).

Table 15.5 Questions to Be asked of Patients When taking a diet History for Lipid disorders, Hypertension, 
Weight Management, and diabetes

Sample Questions for all Patients

• What are your goals for today’s session?
• What is the most important reason you are here?
• How do you feel about your weight?
• What is the most you have ever weighed?
• What is your usual body weight?
• What is your goal weight?
• Do you eat differently when you are alone?
• Do you indulge in binge eating?
• Do you use food to cope with stress in your life?
• Do you feel you eat a healthy balanced diet? Why or why not?
• How many meal and snacks do you eat every day?
• How often do you eat out? What kind of restaurants?
• What beverages do you drink daily including alcohol? How many glasses?
• How often do you eat fruits and vegetables?
• How often do you eat dairy products including milk, cheese, yogurt? Low fat or regular?

Sample Questions for Patients With lipid Disorders

• How often do you eat fatty meats? (hot dogs, bacon, sausage, salami, pastrami, corned beef)
• How often do you eat fish? How is it prepared?
• What type of fats do you use in cooking or baking? Canola oil, olive oil, soybean oil, safflower oil, and so on?
• What do you spread on your bread? (butter, vegetable oil spread, peanut butter)
• How many daily servings of dairy, fruits, vegetables and whole grains do you eat?
• What type of snacks and desserts do you usually eat?

Sample Questions for Patients With Hypertension

• Do you cook your food with salt?
• Do use a salt shaker at the table?
• Do you use canned or prepared foods?
• Do you read food labels for sodium content?

Sample Questions for Patients With Diabetes

• What time do you eat your meals?
• What time do you take your medications including insulin?
• Do you skip meals?
• How many servings of starchy foods do you eat on a typical day, for example, bread, cereal, rice, pasta, corn, 
peas, and potatoes?
• How often do you eat sweets and desserts?
• How often do you drink sugar sweetened beverages and/or fruit juices?

Source: adapted from ref. (25). Hark L, deen d, Pruzansky a. overview of nutrition assessment in Clinical Care in Hark L & 
Morrison G. Medical Nutrition & Disease: A Case Based Approach Wiley Blackwell; 3–57, 2009.

 n Energy and Macronutrient Needs: Compared 
to current intake based on a 24-hour food recall or a 
diet diary. This information could assist with nutrition 
diagnoses and nutrition interventions (23,24).

2. nutrition Diagnosis

The second component of personalized nutrition 
intervention is to make a nutrition diagnosis for 
which an intervention is designed. For patients with 
lipid disorders, hypertension, diabetes, metabolic 
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Diet ReCommenDAtions foR lDl-C 
loweRinG

Dietary recommendations according to the ACC/
AHA Guidelines for Lifestyle Management (1) advise 
adults who would benefit from LDL-C lowering to:

 n Consume a dietary pattern that achieves 5% to 
6% calories from saturated fat. (NHLBI Grade: A 
strong evidence): Strong evidence shows that LDL-C 
was reduced when following a dietary pattern where 
saturated fat was reduced from 14% or 15% of calo-
ries to 5% or 6% of calories. Current estimated intake 
of saturated fat in the United States is 11% of energy. 
In addition, consumption of recommended foods such 
as vegetables, fruits, low-fat dairy products, whole 
grains, poultry, fish, legumes, nuts, and vegetable oils 
is far lower than advised. Moreover, consumption is 
high of foods that should be limited, that is, sweets, 
sugar-sweetened beverages, and red meat (1,2).

 n Reduce percent of calories from trans fat. 
(NHLBI Grade: A strong evidence): By reducing 
consumption of partially hydrogenated oils, LDL-C 
will be lowered with little or no effect on HDL-C or 
triglyceride levels. Look for partially hydrogenated 
vegetable oils mostly found in baked goods, fried 
foods, and processed foods. Trans fats are also found 
in food sources of saturated fat (meat and dairy fat). 
Therefore reduction of dietary saturated fat will also 
help reduce trans-fat intake (1,2).

 n For reducing LDL-C levels the guidelines recom-
mend the use of nontropical vegetable oils within an 
isocaloric diet and avoidance of coconut and palm oil. 
Nuts such as walnuts, almonds, pistachios, and hazel-
nuts, fruits and vegetables, poultry, fish, and low-fat 
dairy products are recommended. There is an emphasis 
on limiting red meat, butter, tropical oils, and sweets. 
Also recommended are spreads blended with rapeseed 
or flaxseed oils in lieu of butter. Avoidance of sugar-
sweetened beverages is also recommended (1,2).

Diet ReCommenDAtions foR 
tRiGlyCeRiDe (tG) ReDuCtion

Epidemiological and controlled clinical trials have 
shown that triglycerides are markedly affected by body 
weight status and body fat distribution. Table  15.7 
shows the American Heart Association 2011 classifi-
cation of serum triglyceride levels (27).

Dietary treatment recommended by the Ameri-
can Heart Association is as follows (27):

Table 15.6 examples of nutrition diagnosis 
statements for Lipid disorders, diabetes, Hypertension, 
Weight management

Nutrition Diagnosis: Less than optimal intake of 
types of fats
• Excessive saturated fat intake (P) related to lack  
of knowledge of saturated fat content of foods (e) as 
evidenced by self-report of high saturated  
fat intake and elevated laboratory values:  
TC = 300 mg/dL, LDL-C = 165 mg/dL

Nutrition Diagnosis: excessive energy intake
• Excessive energy intake related to knowledge 
deficit as evidenced by self-reported food intake 
and limited physical activity level as well as changing 
anthropometrics: 10-pound weight gain in past  
3 months, BMi = 27

Nutrition Diagnosis: excessive sodium intake
• Excessive sodium intake related to overconsump-
tion of fast-food meals and prepackaged foods, more 
than 4-grams sodium consumed daily as well as recent 
increase in blood pressure to 140/90 mmHg

Nutrition Diagnosis: High intake of refined carbohy-
drate foods
• Excessive intake of sugar related to frequent self-
reported intake of regular soft drinks, recent dx of 
impaired glucose tolerance fasting blood glucose 
120 mg/dL and high BMI status

Source: adapted from ref. (23). ada Pocket Guide to Lipid 
disorders, Hypertension, diabetes and Weight Management. 
Franz MJ, Boucher JL,Pereira rF. academy of nutrition and 
dietetics 2012. www.eatright.org. (23)

syndrome, and weight management, important 
information needs to be collected. Table 15.6 shows 
some examples of how a RDN makes a nutrition 
diagnosis for patients with lipid disorders, diabe-
tes, hypertension, and weight management (23,24).

3. nutrition intervention

Dietary patterns are personalized by the RDN to 
include specific food components that provide 
cardiometabolic benefits and are good sources of 
dietary fiber, nontropical oils, vitamins and miner-
als, antioxidants, and phytonutrients (23–25). These 
dietary patterns contain fewer foods that contribute 
refined carbohydrates, sugar, salt, and saturated 
and trans-fatty acids as well as dietary cholesterol 
(1,2,26).
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 n Weight loss has the most profound TG effect. 
Weight loss of approximately 5% to 10% of body 
weight can lower TG 20% as well as reduce the risk of 
developing MetS and diabetes. Weight reduction with 
a Mediterranean diet is recommended.

 n Avoid excessive intake of carbohydrates, especially 
refined carbohydrates such as sugar and sweets. When 
60% to 65% of energy is consumed as carbohydrate it 
leads to upregulation of VLDL secretion.

 n Choose vegetable oils and lower the intake of fat to 
< 35% of caloric intake.

 n Include whole grains, vegetables, fruits, low-fat or 
nonfat dairy products, fatty fish, poultry, tofu, soy-
beans, lentils, and legumes.

 n Abstain or limit alcohol intake as alcohol can raise 
triglyceride levels.

 n Regular physical activity such as walking for a min-
imum of 30 minutes on most days of the week.

 n If TGs are ≥ 500 mg/dL, a very low fat diet (≤ 15% of 
calories from fat) is recommended to prevent pancreatitis.

 n Addition of an omega-3 supplement that provides 2 
to 4 gm/d (of EPA + DHA) may confer an additional 
TG reduction of 5% to 10%. 

Diet ReCommenDAtions foR bP 
loweRinG in Htn AnD PRe-Htn

Advise adults who would benefit from BP lowering to (1):

 n Consume a dietary pattern that emphasizes intake 
of vegetables, fruits, and whole grains including low-
fat dairy products, poultry, fish, legumes, nontropical 
vegetable oils, and nuts, and to limit intake of sweets, 
sugar-sweetened beverages, and red meats. (Level of 
evidence NHLBI Grade: A strong.)

This recommendation is based on the studies of 
the DASH dietary pattern which provided the high-
est quality of evidence. In addition, the Mediterranean 

dietary pattern also reduced BP. Caloric intake should 
be appropriate for those attempting weight loss. The 
U.S. Dietary Guidelines have also endorsed the DASH 
eating plan and the USDA food pattern. Overall, the 
recommended dietary patterns are consistent with the 
AHA diet and the USDA food pattern. 

 n Lower sodium intake to less than 2,400 mg/day. A 
further reduction to 1,500 mg/day in sodium intake 
is recommended for those at higher risk or for those 
who seek further BP lowering. Furthermore, reduction 
of sodium intake by 1,000 mg/day at any intake level 
will further reduce BP (NHLBI Grade B moderate). 
The primary source of sodium in the diet comes from 
that added in preparation, preservation, and/or at the 
time of consumption. Reducing sodium intake is chal-
lenging because of the inclusion of sodium in many 
foods in the American diet. Thus, behavior modifica-
tion and changes in food manufacturing and process-
ing are needed to achieve this goal. A reduction in 
sodium intake of approximately 200 mg/day reduces 
CVD events by around 30%.

 n Combine DASH dietary pattern with lower sodium 
intake. Both a healthy dietary pattern and a reduced 
sodium intake lower BP independently. The blood 
pressure lowering effect of a DASH dietary pattern 
is similar among all subgroups regardless of gender, 
age, or race. The current recommendation for sodium 
reduction applies to two-thirds of the U.S. population, 
who have either prehypertension or hypertension.

DietARy PAtteRns

An expanding body of evidence demonstrates that a 
healthy dietary pattern confers cardioprotective benefits 
(1,2,8). Several healthful dietary patterns have been iden-
tified that have many common characteristics, including 
an emphasis on fruits, vegetables, other plant foods such 
as beans and nuts, and (in many patterns) whole grains 
and fish; with limited or occasional dairy products; and 
often with limited red meats or processed meats and 
fewer refined carbohydrates and other processed foods. 
Consumption of these dietary patterns substantially 
improves multiple cardiovascular risk factors (1,8,26).

Figure 15.3 shows the impact of dietary patterns 
on cardiovascular risk factors in randomized controlled 
trials (26). This summary compares the effects of the 
DASH (Dietary Approaches to Stop Hypertension) 
low-fat, high-protein, and high-monounsaturated-fat 
(MUFA) diets among 162 participants in a 6-week 
feeding trial; and of the Mediterranean diet compared 
with a low-fat diet among 180 participants in a 2-year 
dietary advice trial (28–30). All differences were 

Table 15.7 american Heart association Classification 
of triglycerides

optimal < 100 mg/dL

desirable < 150 mg/dL

Borderline < 150–199 mg/dL

High 200–499 mg/dL

very High > 500 mg/dL

Source: adapted from ref. (27) Miller M, stone nJ, 
Ballantyne C, Bittner v, et al. triglycerides and Cardiovascular 
disease: a scientific statement From the american Heart 
association. Circulation. 2011;123:2292–2333.
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statistically significant at P < .05, except for changes in 
high-density lipoprotein cholesterol (HDL-C) with the 
DASH high-MUFA diet and in triglycerides with the 
DASH low-fat diet. Blood pressure and LDL-C were 
reduced to a greater extent with DASH dietary patterns, 
whereas atherogenic dyslipidemia and glucose–insulin 
measures improved to a greater extent with Mediterra-
nean dietary patterns. Overall risk factor changes with 
any of these dietary patterns would predict substantial 
reductions in cardiovascular risk (1,8,26).

Dietary Approaches to stop Hypertension 
(DAsH) Dietary Patterns

In multiple observational studies, greater adherence to 
a DASH dietary pattern was associated with lower risk 
of CVD (8). Currently, very few U.S. adults including 
those with high blood pressure consume a diet that is 
consistent with the DASH dietary pattern (23). The orig-
inal DASH diet was low in total fat (27% energy) and 
higher in carbohydrate (55% energy); additional DASH 
diet patterns have been evaluated that exchange ˜10% 
energy of carbohydrate for vegetable sources of mono-
unsaturated fat or protein. In controlled feeding trials, 
each of these DASH diets significantly lowered BP and 
improved blood lipids compared with a typical Western 
diet (28). BP reduction was greatest when DASH diets 

were combined with reduced sodium intake. The reduc-
tion of sodium intake to levels below the current recom-
mendation of 100 mmol per day in combination with 
the DASH diet lowers blood pressure substantially more 
than can be achieved individually (32).

mediterranean Dietary Pattern

Although there is no consistent definition of a Medi-
terranean dietary pattern, in general it is rich in fruits, 
vegetables, whole grains, legumes, nuts, fish, and low-
fat dairy products along with moderate consumption of 
wine and olive oil (primary source of fat in the diet) (1). 
This pattern is naturally lower in saturated fat, dietary 
cholesterol, and red meat. When used in healthy, obese, 
and high CVD risk patients, this dietary pattern can 
reduce inflammation. This dietary pattern is associ-
ated with lower blood concentrations of inflammatory 
markers such as plasma levels of CRP and cytokines in 
healthy persons. Observational and prospective cohort 
studies consistently demonstrate inverse associations 
between consumption of traditional Mediterranean diets 
and risk of CHD, stroke, and total mortality (29,33–36).

Vegetarian Dietary Pattern

Several types of vegetarian diets are consumed 
around the world, including those consumed by 

Figure 15.3 examples of dietary patterns with evidence for cardiovascular health benefits.

sBP = systolic blood pressure; dBP = diastolic blood pressure; CrP = C-reactive protein

Source: Adapted from Ref. (26). Mozaffarian D, Appel L, Vanhorn L. Components of a cardio protective diet Circulation. 
2011;123:2870–2891.
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pesco-vegetarians (who consume fish); lacto-ovo-
vegetarians (who consume milk and eggs); and strict 
vegans (who consume no animal products) (26). 
Observational studies with vegetarian cohorts show 
improved health outcomes compared with nonvegetar-
ians (10). The Adventist Health Study – 2 conducted 
in 96,000 people found lower risk of chronic diseases 
including lower BMI (especially vegans), less hyper-
tension (vegans lowest), less type 2 diabetes, lower 
LDL-C, less cancer, and decreased mortality (37,38). 
The EPIC Oxford study (500,000 participants) in 
10 countries reported that vegetarians experienced a 
moderately lower rate of ischemic heart disease (39).

Vegetarians have other lifestyle behaviors that 
are beneficial for reducing CVD risk. These include: 
watching less television, sleeping more hours per 
night, consuming more fruits, vegetables, legumes, 
nuts, and vegetable oils, and consuming less saturated 
fat (30). Overall, fewer studies have been conducted 
with vegetarian diets than for DASH or Mediterranean 
dietary patterns (26).

Alcohol

A large number of observational studies have con-
sistently demonstrated a reduction in coronary heart 
disease with moderate alcohol consumption (8). A 
meta-analysis of experimental studies has demon-
strated a reduction in CHD with moderate alcohol 
consumption (40). Drinking in excess can lead to alco-
holism, high blood pressure, obesity, stroke, breast 
cancer, suicide, and accidents. A drink is one 12-ounce 
beer, 4 ounces of wine, 1.5 ounces of 80-proof spirits, 
or 1 ounce of 100-proof spirits. Recommendations 
for alcohol consumption should be tailored to each 
patient’s CVD risk profile taking into account poten-
tial benefits of moderate alcohol consumption (41).

Dietary supplements

There is little convincing evidence that many dietary 
supplements confer health benefits. Several supple-
ments have been evaluated in observational studies 
and RCTs as potential therapies to prevent CVD or 
other conditions. Substantial evidence exists that 
supplements have few CVD benefits and that certain 
supplements, including beta carotene, calcium, and 
vitamin E, could do harm (26). However, marine-
derived omega-3 PUFA can be recommended as a 
supplement for CVD prevention especially for TG 
reduction and prevention of sudden cardiac death. 
However, optimal doses and target populations require 
further study (42). 

Current evidence does not support vitamin sup-
plements, including food fortification, as a strategy 
for achieving a nutrient profile that replicates a whole 
food dietary pattern for CVD risk reduction (1,2).

Plant stanols/sterols

The International Atherosclerosis Society guidelines 
for ASCVD prevention recommend consumption of 2 
to 3 g plant stanols/ sterols per day to facilitate LDL-C 
reduction (10–15%) (2). Plant stanols/sterol esters 
lower LDL-C by reducing cholesterol absorption. 
Because they are present in minute amounts, the typical 
American diet is low in plant stanols/sterols. However, 
stanol/sterol fortified foods such as margarine (spreads), 
yogurt, and orange juice are considered a good source. 
Plant stanols/sterols are also available as supplements 
including tablets, chews, and powders (43,44).

summARy

In summary, implementing current lifestyle guidelines 
for cardiovascular health can have a marked impact on 
CVD risk reduction. These include (1,2):

1) Adopt a heart healthy dietary pattern to optimize 
weight with appropriate caloric requirements and 
personal and cultural food preferences, and integrate 
medical nutrition therapy for other comorbidities 
including diabetes, hypertension, metabolic syn-
drome, and disorders of lipid metabolism. A dietary 
pattern that emphasizes vegetables, fruits, and whole 
grains; includes low-fat dairy products, poultry, fish, 
legumes, nuts, and nontropical vegetable oils; and 
limits intake of red meats, sugar-sweetened beverages, 
and sweets is recommended. The DASH dietary pat-
tern, the USDA dietary pattern, and the AHA dietary 
pattern can be integrated into a cardioprotective meal 
plan. Evidence for these dietary patterns is strong. For 
hypertension, the DASH dietary pattern or the Medi-
terranean dietary pattern is recommended. The bene-
fits of these patterns are independent of sodium intake 
and body weight.
2) Limit saturated fat intake to 5% or 6% of caloric 
intake. In a 2,000-kcal dietary pattern, this would 
translate to 120 kcal per day and 12 gm of saturated 
fat. In a 1,600-kcal diet pattern this would translate to 
7 or 8 gm per day. By limiting meat and dairy products 
these goals are attainable.
3) Avoid trans fat as much as possible by reading 
labels. Any food that contains > 0.5 g must be labeled 
per FDA requirements (45).
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4) Lower sodium intake to 2,400 mg/day for the gen-
eral population and 1,500 mg/day for those at high 
risk. Evidence is strong that lowering sodium intake 
lowers blood pressure and may prevent progression of 
prehypertension to hypertension.
5) Combine the DASH dietary pattern with lower 
sodium intake. Evidence is strong that combining 
these leads to better blood pressure reduction than 
implementing each individually.
6) Perform moderate to intense aerobic physical 
activity three to four times per week for an average of 
40 minutes per session.
7) The AHA/ACC/TOS recommend that con-
sideration be given to refer patients to nutri-
tion professionals such as a registered dietitian 
or a registered dietitian nutritionist (1,3). Nutri-
tional professionals can help patients personal-
ize their dietary patterns and improve adherence. 
Patients at risk for ASCVD need help to identify 
the most relevant whole food dietary patterns for 
their nutritional goals and their lifestyles. Mul-
tidisciplinary clinic-based strategies that include 
onsite RDNs also can facilitate individual/ 
group education; sustained in-person, telephone, or 
electronic feedback. The resources listed in the next 
section provide useful implementation strategies.

Health care providers must emphasize the 
importance of ASCVD risk reduction including the 
role that cardioprotective dietary patterns play in opti-
mizing lipids, blood pressure, weight management, 
and reversing or preventing metabolic syndrome and 
type 2 diabetes mellitus (1,2). Also, health care pro-
viders should advocate for reimbursement of regis-
tered dietitians’ services to provide recommended 
interventions that target patient behavior-change for 
CVD risk reduction (1,3,13,14).

ResouRCes

 n Let’s Eat for the Health of It. Choose MyPlate.gov. 
www.cnpp.usda.gov/Publications/Myplate/DG2010-
Brochure.pdf

 n Heart healthy sample menus including weight 
reduction meal plans and interactive tools https://
www.supertracker.usda.gov/default.aspx

 n Heart and Vascular Diseases, Detailed Information 
on Cholesterol, Heart Attack, High Blood pressure, 
Obesity, Other Heart and Vascular Diseases. www.
nhlbi.nih.gov.health/prof/heart/index.htm

 n AHA Diet and Lifestyle Recommendations Revision 
2006. www.circ.ahajournals.org/contect/114/1/82.full

 n Dietary Guidelines for Americans, 2010 www.cnpp.
usda.gov.DGA’s2010-PolicyDocument.htm

 n Dietary Guidelines for Americans, 2010, Appendices 
7 USDA Food Patterns with Various Calorie Levels, 
8 Lacto-Ovo Vegetarian Adaptation of the USDA 
Food Patterns, 9 Vegan Adaptation of the USDA 
Food Patterns, 10 The DASH Eating Plan at Various 
Calorie Levels www.cnpp.usda.gov./Publications/
DietaryGuidelines/2010/PolicyDoc/Appendices.pdf

 n Calorie Results and Food Tracking Worksheets. www.
choosemyplate.gov/professionals/food_tracking_wksht.
html

 n AHA Diet and Lifestyle Recommendations. http://
www.heart.org/HEARTORG/GettingHealthy/Diet-
and-Lifestyle-Recommendations_UCM_305855_
Article.jsp#

 n Your Guide to Lowering Blood Pressure With 
DASH. www.nhlbi.nih.gov/helath/public/heart/hbp/
dash/new_dash.pdf

 n http://www.fda.gov/forconsumers/consumerup-
dates/ucm372915.htm
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16
Alcohol and Cardiovascular 
Diseases

Although major social and medical risks from drink-
ing alcoholic beverages have been evident for millen-
nia, it was also observed that light drinking was less 
hazardous or that there might be a safe limit of intake. 
Because no amount is safe for all persons, the term 
“sensible” may be more appropriate. Cardiovascular 
(CV) benefit from light to moderate alcohol intake, 
the lifestyle habit of a majority of American adults, is 
a more recent concept. The disparity between effects 
of lighter and heavier drinking mandates discussion 
both of prevention of harmful effects and optimiza-
tion of possible benefit. This balancing act requires 
objective consideration of available data followed by 
exploration of public health and individual advice.

Another set of disparities in the relations of 
alcohol drinking to various CV conditions makes it 
wise to consider preventive aspects for several dis-
orders separately (1). This chapter briefly discusses 
alcoholic cardiomyopathy, systemic hypertension 
(HTN), arrhythmias, stroke, and atherothrombotic 
disease, with emphasis on coronary artery disease 
(CAD) and the heart failure syndrome.

DEFINITIONS OF DRINKING

The operational definition of “moderate” and “heavy” 
drinking used here is based on the level of drinking in 
several epidemiologic studies above which net harm is 
usually seen and corresponds to the widely accepted 
U.S. Agriculture Department definition. The impre-
cise term “drink” is used, inasmuch as most persons 

think in terms of “drinks,” not grams of alcohol. For 
men less than 3 drinks per day is called “light” or 
“moderate” drinking, and 3 or more drinks per day 
is called “heavy” drinking. For women the definition 
of heavy drinking is an average of 2 drinks per day. 
The lower amount for women is related to the facts 
that women have lower average size, greater average 
body fat proportion, and less metabolism of alcohol in 
the gastric mucosa. The amount of alcohol is approxi-
mately the same in the usual “standard” drink of wine, 
liquor, or beer. Thus, a 4-ounce glass of table wine at 
13% alcohol, 1-¼ ounces of distilled spirits at 40% 
alcohol, and 12 ounces of U.S. beer at 5% alcohol all 
contain about 12.5 to 15 ml of pure ethyl alcohol.

AlCOhOlIC CARDIOmyOpAThy:  
A CONSEquENCE OF hEAvy DRINKING

“Cardiomyopathy” is variously defined, but here 
means heart muscle disease not due to disorders of 
the valves, coronary arteries, lungs, or pericardium. 
Sustained heavy alcohol drinking is among the causes 
of “dilated cardiomyopathy,” characterized by an 
enlarged heart with lowered ejection fraction. The 
condition has been recognized for more than 100 
years (2), but with understanding clouded by the lack 
of specific diagnostic criteria and confusion with car-
diovascular beriberi from thiamine deficiency. Solid 
circumstantial evidence establishes the existence of 
direct toxicity of alcohol upon myocardial cells (2–4). 

Arthur L. Klatsky, MD
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Most convincing are human and animal data showing 
nonspecific functional and structural abnormalities in 
some heavy drinkers. These subclinical abnormalities 
may precede evident illness for years. The proportion 
of heavy drinkers with cardiomyopathy is less than 
the 15% to 20% that develop liver cirrhosis. Some 
improve with abstinence or reduced intake. Although 
a mechanism for alcoholic cardiomyopathy remains 
unclear, one possibility is suggested by a nonoxida-
tive metabolic pathway for alcohol related to fatty 
acid metabolism in the heart, muscle, pancreas, and 
brain (3). Accumulated fatty acid ethyl esters are toxic 
to myocardial cells, and these compounds are used as 
markers of chronic alcohol abuse.

An important issue is whether moderate drink-
ing impairs myocardial function. A landmark study (4) 
in alcoholics showed a clear relation of lifetime alcohol 
consumption to structural and functional myocardial and 
skeletal muscle abnormalities. The threshold for heart 
and skeletal muscle damage was high: equivalent to 120 
grams alcohol/day for 20 years. It seems clear that this 
condition is unlikely to result from light or moderate 
drinking. See related discussion of heart failure below.

hypERTENSION: A ThREShOlD ISSuE

Numerous cross-sectional and prospective analyses 
in diverse populations establish an empiric alcohol–
HTN link, with confirmation by clinical experiments. 
The relationship seems independent of adiposity, 
salt intake, education, cigarette smoking, and several 
other potential indirect explanations (5,6). Alcoholic 
beverage type (wine, liquor, or beer) is not a major 
factor (5). Risk of cardiovascular sequelae of HTN 
is similar in nondrinkers, light drinkers, and heavy 
drinkers (7). With respect to light to moderate drink-
ing, study results differ about whether blood pressure 
is increased, unaffected, or decreased. Both HTN and 
light to moderate drinking are common, therefore 
clarification of the risk threshold is very important.

A 1977 Kaiser Permanente study demonstrated 
the relationship of alcohol to higher blood pressure in 
men and women of 3 racial groups; later work suggested 
that ex-drinkers had blood pressures similar to non-
drinkers and that elevated pressures regressed within a 
week upon abstinence (5). In these studies, HTN preva-
lence was approximately doubled among the heaviest 
(≥ 6 drinks daily) drinkers, compared to abstainers or 
light drinkers. In the later report blood pressures were 
slightly increased in men reporting 1 to 2 drinks per day.

Several experiments in hospitalized and non-
hospitalized hypertensives and normotensives have 

shown that 3 to 4 days of taking several drinks and of 
abstinence raised and lowered BPs (5). Heavier alco-
hol intake can interfere with drug treatment of HTN. 
Moderation of heavy intake supplements other non-
pharmacologic interventions for blood pressure low-
ering, such as weight reduction, exercise, or sodium 
restriction (5). The evidence is sufficient to state that 
heavy alcohol drinking is a probable HTN risk factor.

The alcohol–HTN relation is subacute, develop-
ing in days to weeks. Ambulatory monitoring has shown 
a depressor effect of a substantial dinner-time alcohol 
dose, lasting up to 8 hours, with a pressor effect the next 
morning (5). Much work has failed to establish bio-
logical mechanisms. One hypothesis is existence of a 
heightened responsiveness of the sympathetic nervous 
system (5), as exists during the alcohol withdrawal state. 
However, a withdrawal rise in BP has not been observed 
at the drinking levels in the clinical studies. Without 
long-term randomized controlled trials, the many traits 
related to alcohol drinking or HTN make it difficult to 
rule out all indirect explanations, especially psycho-
social stress. The short-term intervention studies do pro-
vide good evidence against many confounders (5).

Relevant to the threshold issue is a report (8) 
suggesting that underreporting of heavier alcohol 
intake is a factor, thus possibly making spurious the 
apparent increased risk of lighter drinkers. Underre-
porting of alcohol intake places some heavier drinkers 
in light to moderate categories, a misclassification that 
lowers the threshold of apparent harm.

It is the author’s opinion that the relation of 
heavier drinking to HTN is causal and that alcohol-
related HTN is a common reversible form of HTN, 
especially in middle-aged men (5). Estimates of the 
proportion of HTN due to heavy drinking depend sub-
stantially upon the drinking habits of the group under 
study (5). Even the lowest estimates of attributable 
risk of 5% to 7% (5) translate into millions of persons 
with alcohol-associated HTN in Europe or the United 
States. The preponderance of evidence does not favor 
an adverse effect from light to moderate drinking.

SupRAvENTRICulAR ARRhyThmIAS: 
mORE DATA NEEDED

An association of alcohol consumption with atrial 
arrhythmias, typically occurring after a large meal 
with much alcohol, became popularly known as the 
“holiday heart phenomenon” (9). Atrial fibrillation is 
the most common diagnosis, and the arrhythmia typi-
cally resolves with abstinence. A prospective analysis 
(10) showed that atrial fibrillation risk was increased 
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among heavy drinkers but not in light to moderate 
drinkers. Pending more definitive studies, it seems 
sensible that persons at special risk of these rhythm 
problems should not exceed 1 or 2 standard-sized 
drinks per drinking occasion.

AThEROSClEROTIC CORONARy 
DISEASE: pROTECTION by AlCOhOl

Epidemiology: A Nonlinear Relationship

CV mortality and morbidity statistics are dominated 
by the most common condition, atherosclerotic coro-
nary artery disease. Well-known, probably causal risk 
factors discussed elsewhere in this handbook include 
cigarette smoking, HTN, diabetes mellitus, elevated 
low-density lipoprotein (LDL) cholesterol, and dimin-
ished high-density lipoprotein (HDL) cholesterol. 
Heberden’s classic description of angina in 1776 
included mention of relief by alcohol (2), leading to 
an incorrect assumption that alcohol is a coronary 
vasodilator. More likely, alcohol’s effect on angina is 
anesthetic. In any case the subjective CAD symptom 
angina pectoris is difficult to quantify and study.

Observational prospective epidemiologic studies 
have consistently shown reduced risk of acute myocar-
dial infarction and CAD death in moderate drinkers 

compared to abstainers (11–13). Evidence supporting 
benefit by alcohol also includes international com-
parisons, case-control studies, prospective population 
studies, and analyses of coronary arteriograms. In most 
reports the alcohol–CAD relation is nonlinear with 
increased risk of heavier versus lighter drinkers. Hypo-
thetical explanations for the nonlinearity include more 
bingeing by heavier drinkers, the alcohol–HTN asso-
ciation, and misdiagnosis of cardiomyopathy as CAD.

Some question the alcohol–CAD observa-
tional data because several analyses lumped lifelong 
abstainers and ex-drinkers, or inadequately controlled 
for baseline CAD. If the nondrinking referent group 
includes “sick quitters” with increased CAD risk, a 
spurious impression of benefit from light to moderate 
drinking might ensue. Prospective studies that sepa-
rate ex-drinkers from lifelong abstainers and/or con-
trol for baseline CAD (11–13) refute this hypothesis.

mechanisms for CAD protection by Alcohol:  
multiple and plausible

Good reviews are available (14–17) and Table 16.1 
presents plausible mechanisms for protection against 
CAD by alcohol. Best established is a link via blood 
lipid factors. Except in persons with severe liver 
impairment, alcohol ingestion raises high-density 

Table 16.1 Possible Mechanisms for cAd Protection by Alcohol

Mechanism of alcohol effect action and Comment Strength of evidence*

raises high-density-lipoprotein 
(hdl) cholesterol

“reverse” ldl cholesterol transport 
from blood vessel wall; a long-term 
effect; also a possible antioxidant

excellent for ~50% of alcohol 
effect

lowers fibrinogen, thromboxane 
A, and platelet stickiness; increases 
prostacyclin and endogenous 
 tissue plasminogen activator

decreased clot formation in atheroscle-
rotic blood vessels (a key factor in cAd 
events); a short-term action

good

lowers risk of type 2 diabetes 
mellitus

Possibly by reducing insulin resistance;
diabetes a major cAd risk trait

good

less ldl oxidation in blood vessel 
walls

Presumably mostly a nonalcohol  
effect; antioxidants plentiful in  
red wine, moderate in dark beer

Weak to moderate

increased preconditioning of heart 
myocytes

resistance to damage with oxygen 
deprivation

fair

decreased psychosocial stress stress a possible cAd risk factor Weak

* Author’s judgment.
Abbreviations: cAd = coronary artery disease; ldl = low-density-lipoprotein cholesterol. hdl = high density lipoprotein 
cholesterol.
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lipoprotein cholesterol levels by incompletely under-
stood pathways. Empiric inverse relations of HDL to 
CAD risk are well established and probably operate 
via removal of lipid deposits in large blood vessels 
plus abetting prevention of tissue oxidation of LDL 
cholesterol. Studies examining the hypothesis that 
higher HDL cholesterol in drinkers mediates CAD 
protection suggest that higher HDL levels mediated 
about half of the lower CAD risk and that both major 
HDL subfractions, HDL

2
 and HDL

3
, are involved. 

Although HDL
3
 may be more strongly related to alco-

hol intake than HDL
2
, both are related to lower CAD 

risk. Triglycerides may play an independent role in 
risk for CAD. A subset of heavier drinkers has a sub-
stantial increase in triglyceride levels, but this is infre-
quently seen with light to moderate drinking.

Antithrombotic actions of alcohol include 
inhibition of platelet stickiness and lower fibrino-
gen levels. Inasmuch as thrombosis in atheroscle-
rotic vessels plays a key role in major CAD events, 
these effects may be important factors in alcohol’s 
protection. Heavy alcohol drinking has been asso-
ciated with higher blood glucose levels and poor 
compliance with diabetes management. However, 
data indicate a lower risk of developing diabetes 
among light to moderate drinkers (18) with ben-
eficial changes in insulin and glucose metabolism. 
Because diabetes is a powerful predictor of athero-
sclerosis, this association represents a potentially 
important intermediary in protection by alcohol 
against CAD and ischemic stroke.

Drinking pattern: A Crucial Factor

Binge drinking is clearly harmful. Other drinking pattern 
aspects of interest are frequency of drinking (number of 
days per week), variability over time, and whether the 
alcohol is taken with food. Reports suggest that drinking 
at mealtimes is more favorable for CAD and HTN and 
that frequency of intake may be a strong factor.

beverage Choice: Wine, liquor, or beer?

The “French paradox” concept refers to the fact 
that France is an outlier on graphs of mean dietary 
fat intake versus CAD mortality, unless adjusted for 
wine intake (19). The idea that CAD benefit is lim-
ited to red wine was initiated by such international 
comparisons suggesting less CAD in wine-drinking 
countries than in beer- or liquor-drinking countries. 
The hypothesis that red wine has protective benefit 
additional to that of alcohol is indirectly supported 

by the presence of nonalcoholic antioxidant pheno-
lic compounds with antioxidant and antithrombotic 
properties in wine, especially red wine (14–17). There 
are several classes of these compounds in grapes and 
other fruits and vegetables with hypothetical effects 
that might promote endothelial health, including cat-
echins, quercetin, and resveratrol. These are observed 
in vitro and in animal studies to produce beneficial 
effects on established biological markers of vascular 
disease. Effects in humans in vivo are less established, 
and there are issues related to bioavailability because 
of limited absorption from the gastrointestinal tract. 
Resveratrol, in particular, is poorly absorbed, so huge 
doses would be required for human effects compara-
ble to those reported in other species, quite incompat-
ible with those obtainable from moderate drinking.

Epidemiological data in prospective studies 
suggest that white wine, red wine, and beer may all 
be effective in reducing CAD risk (1,20–21). The bev-
erage choice issue is complicated by indicating that 
wine drinkers have the most favorable CAD risk pro-
file (22). Drinking pattern differences could also play 
a role, as wine is more often sipped slowly with meals 
than beer or liquor.

It is the author’s opinion that antioxidation is 
unlikely to be the primary mechanism involved in 
protection against CAD by alcoholic beverages. The 
“French paradox” has caught the public fancy, how-
ever, the wine/liquor/beer issue is unresolved at this 
time. It seems likely that ethyl alcohol is the major 
factor with respect to lower CAD risk.

AlCOhOl AND CAD: IS IT CAuSAl?

Potential confounding cannot be completely ruled 
out in the absence of a randomized controlled trial 
with CAD outcome data. Thus, uncertainty remains 
about the causal nature of the inverse alcohol–CAD 
association. Skeptics about alcohol’s benefit have 
emphasized possible flaws in methodology that might 
spuriously produce apparent benefit of moderate 
drinking. As already mentioned, some studies failed 
to separate lifelong abstainers from ex-drinkers, thus 
increasing risk of the nondrinker referent group by 
inclusion of “sick quitters.” Possible confounding 
by healthy lifestyle habits of moderate drinkers has 
also been postulated. Although less attention has been 
given to sources of bias that might reduce apparent 
benefit, confounding probably acts both ways. For 
example, residual confounding by smoking, a corre-
late of alcohol drinking in many populations, would 
reduce apparent benefit by lighter alcohol drinking. 
 Underreporting by heavy drinkers is another likely 
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source of bias against apparent benefit by moderate 
intake. By placing some heavy drinkers in lighter 
categories, underreporting probably distorts alcohol–
health curves by spuriously increasing risk or lessen-
ing the apparent benefit of light drinking.

Evidence that persons with an alcohol dehydro-
genase polymorphism resulting in “slow metabolism” 
of alcohol (23) may have more CAD benefit supports 
a causal relationship for the protective effect of light to 
moderate drinking on CAD. This might be considered 
a form of natural randomized controlled trial. Other 
aspects favoring a causal hypothesis are consistency 
in studies, plausible biological explanations, relative 
specificity of benefit for atherothrombotic vascular 
disease, and the temporal sequence in prospective 
studies. The lack of a linear relation is not a major 
issue, because many alcohol–health associations are 
nonlinear. Although other factors may play a role, a 
causal protective effect of moderate alcohol intake is 
the simplest and probably correct explanation.

CEREbROvASCulAR DISEASE:  
ThE EpIDEmIOlOGIC lAbyRINTh

There are complex interrelationships of stroke, alco-
hol, and other cardiovascular conditions. Systemic 
HTN is an important risk factor for all types of stroke 
and a probable intermediary between heavy drink-
ing and increased stroke risk. Antithrombotic effects 
of alcohol might increase hemorrhagic stroke while 
lowering ischemic stroke risk. Blood lipid effects of 
alcohol (see CHD discussion) might favorably affect 

ischemic stroke risk. The preponderance of evidence 
at present suggests that drinking has these effects but 
the relations of alcohol drinking to various types of 
stroke remain unresolved (1,13,24).

hEART FAIluRE (hF): IT DEpENDS  
ON ThE CAuSE

Because of a growing number of older persons in 
the population and increasing survival of heart dis-
ease patients to the stage of advanced disease, there 
is increasing incidence of this nonspecific syndrome. 
Multiple risk factors are the rule, with CAD a factor in 
a majority. Other common underlying factors include 
HTN, valvular disease, cardiomyopathies (including 
alcoholic), rhythm disturbances, and systemic prob-
lems such as anemia or infection. Alcoholic cardio-
myopathy has dominated past thinking about alcohol 
and HF, however, it is now evident that the alcohol–
HF relationship is dependent on the causes of the 
syndrome (25). Heavy, but not light–moderate drink-
ers, have increased risk of non-CAD–associated HF, 
but alcohol drinking is inversely related to risk of HF 
associated with CAD.

SummARy

Table 16.2 summarizes the disparate alcohol–CV 
relations, emphasizing the basic differences between 

Table 16.2 Alcohol in Preventive cardiology

Probable Relationship of alcohol

Condition lighter Drinking* Heavier Drinking* Comments

dilated 
cardiomyopathy

unrelated one (of several) causes unrelated to moderate drinking

systemic htn little or none Probably causal in some Mechanism unknown

cAd Protective ? less protective or 
increased risk

drinking pattern important; addi-
tional benefit from wine phenolics

supraventricular 
arrhythmia

? none Probably a causal factor, 
especially binges

Mechanism unclear

hemorrhagic stroke ? unrelated or slightly 
increased risk

increased risk via higher BP, antithrombotic 
actions

ischemic stroke Protective unclear; varies with 
subtype

complex interactions with other 
conditions

* see text for definitions. htn = hypertension, cAd = coronary artery disease.
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favorable relations of light to moderate drinking and 
unfavorable relations of heavier drinking. But this 
is not the complete picture with respect to advice 
about health effects of alcohol drinking. Such advice 
needs to be individualized according to the specific 
medical history and risks of any concerned person 
(26). For example, the increased risk of breast cancer 
outweighs any cardiovascular benefit from moder-
ate drinking in most women < 50 years of age but 
in postmenopausal women the cardiovascular benefit 
for total mortality outweighs the breast cancer risk. 
Generally, men above the age of 40 who are estab-
lished light–moderate drinkers should not be advised 
to abstain. Most nondrinkers have good reasons for 
abstinence, including religious/moral concerns, per-
sonal or family history of alcohol problems, or spe-
cific medical concerns and continued abstinence is 
wise for these persons.

A few common-sense rules are suggested.  
(i) The overall health risk of a heavy drinker will be 
reduced by reduction or abstinence. (ii) Because of 
the unknown risk of progression to heavier drink-
ing and alcohol dependence, abstainers should not 
indiscriminately be advised to drink for CV health 
benefit. (iii) Middle-aged and older established 
light–moderate drinkers (the majority in the United 
States and Western Europe) need no change in 
drinking habits.
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Over the past several decades, there has been a consid-
erable increase in sedentary behavior, due in large part 
to technological advances in transportation, enter-
tainment, and workplace structures (1,2). Research 
has shown strong associations between sedentary 
lifestyles and cardiovascular risk factors including 
obesity, diabetes, and hypertension, as well as asso-
ciations of physical inactivity with cardiovascular 
disease (CVD) and all-cause mortality (1,3–9). In this 
chapter we review the effects of physical activity on 
cardiovascular risk factors, prevention of CVD, and 
overall survival.

ExErcisE And TrAdiTionAl 
cArdiovAsculAr disEAsE risk 
FAcTors

Exercise has beneficial effects on several traditional 
CVD risk factors, often in a dose-related fashion. 
These favorable effects of exercise are reviewed 
below.

Effects of Exercise on lipids

In adults, aerobic physical activity reduces low- 
density lipoprotein cholesterol (LDL-C) by an average of  
3 to 6 mg/dL, and reduces non-high-density lipoprotein 
cholesterol (non-HDL-C) by an average of 6 mg/dL (10).

The association between high levels of athero-
genic lipoproteins and CVD is well-documented in 
the  medical literature (11). Accordingly, reductions 
in atherogenic lipoproteins reduce atherosclerotic 
 progression and subsequent CVD risk. 

Several studies have demonstrated favorable 
effects of exercise on lipoproteins, with higher amounts 
of exercise associated with greater improvements in 
lipoprotein profiles (12–16). Based on  evidence from 
numerous meta-analyses and systematic reviews 
evaluating lipid outcomes, the 2013 American Heart 
Association (AHA)/American College of Cardiology 
(ACC) Lifestyle Work Group concluded that aerobic 
physical activity alone reduces LDL-C by 3 to 6 mg/dL  
and reduces non-HDL-C by 6 mg/dL (10).

Physical activity may have a greater impact on 
LDL particle size than on total LDL concentration per 
se (17–22). In subjects studied longitudinally, daily 
aerobic activity was shown to increase mean LDL 
particle size independent of weight loss (15). Given 
the potentially greater atherogenicity of small, dense 
LDL particles, the effects of exercise training on LDL 
particle size may be an important mechanism through 
which exercise reduces cardiovascular risk.

Effects of physical activity on  apolipoprotein B 
(ApoB), HDL, and triglycerides (TG) are also 
 promising. Longitudinal studies have shown  regular 
 exercise reduces ApoB by up to 20% (15,18–21, 
23–31).  Moderate-intensity exercise training increases 
HDL and lowers TG even in the absence of weight 
loss (32). With 30 to 60 minutes of moderate intensity 
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aerobic exercise 3 to 5 times per week, HDL levels 
were noted to increase by 1.9 mg/dL and TG levels to 
decrease by 18.6 mg/dL (31,32). Similarly, HDL has 
been shown to increase by 0.3 mg/dL per mile of run-
ning per week (16).

Effects of Exercise on Blood Pressure

 n Among adults, aerobic physical activity reduces 
systolic blood pressure (BP) by an average of 2 to 
5 mmHg, and diastolic BP by 1 to 4 mmHg (10).

Regular exercise training lowers blood pressure. 
Although the mechanisms are not completely under-
stood, improved myocardial contractility, increased 
peripheral oxygen uptake, enhanced endothelial func-
tion, and decreased sympathetic tone may all contrib-
ute to lower systemic vascular resistance over the long 
term (33–35).

The 2013 AHA/ACC Lifestyle Work Group 
reviewed evidence from multiple meta-analyses and 
systematic reviews of physical activity to find that 
aerobic physical activity reduces systolic BP on aver-
age by 2 to 5 mmHg and diastolic BP by 1 to 4 mmHg 
(10). It is estimated that reductions in BP may explain 
up to 27% of the reduction in CVD rates associated 
with regular physical activity (36).

In 2008, the U.S. Department of Health and 
Human Services published physical activity guide-
lines for overall health, with a statement that for most 
health outcomes including blood pressure, additional 
benefits are gained as exercise intensity, frequency, 
and duration increase (37). Accordingly, the AHA/
ACC Lifestyle Work Group found that physical activ-
ity interventions showing the greatest effect on BP 
were those that included moderate-to-vigorous aero-
bic exercise comprised of 3 to 4 sessions per week, 
lasting on average 40 minutes/session, and continued 
for at least 12 weeks, duration (10).

Effects of Exercise on diabetes

 n Aerobic training increases glucose uptake and insu-
lin sensitivity.

 n Regular exercise reduces the incidence of new dia-
betes and helps improve blood glucose control among 
those already diagnosed with diabetes.

Exercise and the Prevention of Diabetes
In states of insulin resistance, there is an initial reduc-
tion in insulin-stimulated glucose uptake followed by 
a compensatory increase in insulin secretion by the 

pancreatic B-cells. Eventually, B-cells fail to com-
pensate for ever-increasing blood glucose levels and 
overt diabetes develops. On a molecular level, several 
studies have shown that glucose clearance is slower, 
insulin resistance greater, and insulin rise higher with 
sedentary behaviors (38–40).

Multiple prospective studies have shown that 
physical activity can prevent or delay the onset of 
type 2 diabetes. The Da Qing study in China showed 
that 20 minutes of mild–moderate exercise, 10  minutes 
of strenuous exercise, or 5 minutes of very strenuous 
exercise reduced diabetes risk by 46% (41). Two large 
diabetes prevention clinical trials in the United States 
and Finland showed that moderate exercise for 30 
minutes per day reduced the risk of diabetes by up to 
58% (42,43).

Exercise and Control of Existing Diabetes
Physical activity has also been shown to lower blood 
glucose and improve insulin sensitivity among 
 individuals already diagnosed with diabetes (44). Indi-
viduals with type 2 diabetes who engaged in super-
vised training programs exhibited better blood glucose 
control and compliance compared to controls (45–47).

Effects of Exercise on Weight and Body 
composition

 n Physical activity is recommended as an important 
part of weight management by the AHA and American 
College of Sports Medicine (ACSM) (48).

 n A dose–response relationship exists with regard to 
physical activity and weight loss.

According to the World Health Organization, 
the prevalence of obesity has nearly doubled over the 
past three decades (49). Multiple large population-
based studies have shown strong correlations between 
physical inactivity and obesity (3,50–57).

Routine physical activity has been associated 
with the prevention of weight gain with aging (58). 
Exercise training has also been associated with reduc-
tions in body fat (in particular, abdominal adiposity), 
preservation of lean muscle mass, overall weight 
loss, and weight maintenance after prior weight loss 
(59,60).

With regard to weight loss, the ACSM evidence 
statements based on multiple studies note that a dose–
response relationship exists concerning physical activ-
ity and weight loss: < 150 minutes exercise per week 
promotes minimal weight loss, 150–225 minutes per 
week promotes 2 to 3 kg weight loss, and > 225 min-
utes per week promotes 5 to 7.5 kg weight loss (61).
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ExErcisE And novEl 
cArdiovAsculAr disEAsE 
risk FAcTors And suBclinicAl 
ATHErosclErosis

Effects of Exercise on inflammation

 n Evidence suggests that regular exercise is associated 
with a reduction in systemic inflammation.

Inflammation is associated with all stages of ath-
erosclerosis, including atherogenesis, plaque progres-
sion, and atherothrombosis (62). Exercise and skeletal 
muscle contraction are thought to increase circulating 
cytokines acutely, but regular exercise is associated 
with decreased levels of proinflammatory cytokines and 
increases in anti-inflammatory markers (63,64).

In prospective studies, inverse relationships 
have been demonstrated between physical  activity 
and  circulating inflammatory markers  including 
 interleukin-6 (IL-6), fibrinogen, and  leukocytes 
 (65–68). As for C-reactive protein (CRP), the 
 inflammatory marker perhaps most consistently 
 associated with future CVD events, studies have noted 
the greatest reduction in CRP with higher intensity 
training, and particularly among individuals with high 
baseline levels of inflammation (69,70). However, ran-
domized trials testing the effects of exercise on CRP 
reduction have yielded conflicting results (71–83).

In total, the balance of evidence from  prospective 
studies points toward a reduction in  systemic inflamma-
tion with regular exercise, but further research is needed. 
The effects of exercise on systemic  inflammation have 
been less established in randomized trials, with results 
frequently conflicting in both healthy and coronary 
artery disease (CAD) patient populations.

Effects of Exercise on Thrombosis

 n Transient prothrombotic effects occur with acute 
exercise, but then reverse with chronic training due to 
increased tissue plasminogen activator (TPA) activity 
and decreased platelet aggregation over the long term.

Acutely, physical activity has been shown to 
increase coagulation and platelet aggregation simul-
taneously, creating a transiently prothrombotic state 
(84–86). However, over the long term there are clear 
antithrombotic effects with regular training. Large 
cross-sectional and prospective studies have observed 
antithrombotic effects with regular exercise, particu-
larly due to high circulating levels of TPA and lower 
plasminogen activator inhibitor-1 with chronic train-
ing (87–91). Furthermore, platelet aggregation and 

adhesiveness have been shown to be significantly 
reduced after chronic, moderate aerobic exercise in 
male and female subjects (92,93).

Effects of Exercise on subclinical 
Atherosclerosis

 n An abundance of data points toward associations 
between physical activity and markers of subclini-
cal atherosclerosis including coronary artery calcium 
(CAC) and arterial intima-media thickness (IMT).

CAC and carotid IMT are early atherosclerotic 
markers that are strongly linked to risk of future CVD 
events in adult men and women (94,95). Numerous 
trials to date have identified associations between 
CAC or IMT and physical activity. 

Cross-sectional and prospective studies have 
shown CAC to be independently associated with self-
reported physical activity, number of pedometer steps 
per day, and walking pace in both men and women 
(96–100). Results from the Multi-Ethnic Study of 
Atherosclerosis (MESA) showed that healthy partici-
pants who exercised more than 150 minutes per week 
had lower CAC incidence as well as slower CAC pro-
gression over a median of eight years (9).

Prior observational data has also shown an 
 independent correlation between cardiorespiratory 
 fitness and carotid IMT in men and women (101–104). 
In the Los Angeles Atherosclerosis Study, carotid 
IMT progression was found to be 14.3 microns/year 
in sedentary participants, 10.2 microns/year in mod-
erately active participants, and 5.5 microns/year in 
vigorously active participants (105). In interventional 
studies, authors have noted slowed progression of 
IMT with exercise in obese children, diabetic adults, 
and postmenopausal women (106–108). Wildman and 
colleagues noted that 1,000 to 1,500 kilocalorie (kcal) 
expenditure per week decreased IMT progression 
from 0.008 mm/year to 0.004 mm/year (108).

In summary, a wealth of data point toward 
 associations between physical activity and markers of 
subclinical atherosclerosis.

PHysicAl AcTiviTy And 
cArdiovAsculAr disEAsE

 n Exercise and fitness are strongly associated with 
lower CVD rates and lower all-cause mortality in both 
primary and secondary prevention.

 n There is a dose–response relationship between 
physical activity intensity and duration, and long-term 
outcomes.
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Primary Prevention

Numerous studies have shown that physical activity 
and fitness are strongly associated with lower CVD- 
and all-cause mortality in large population-based 
cohorts (9,109–115). In several of these epidemio-
logical studies, energy expenditures of approximately 
1,000 kcal/week—which approximates minimal adhe-
rence to exercise guidelines—was correlated with a 
20% to 30% reduction in risk of death (109–112).

Even more promising were findings from a 
large 35-year cohort of Swedish men, which showed 
that increasing physical activity in middle-aged men 
reduced risk of all-cause death by a level comparable 
to that of smoking cessation (114). Generally, the ben-
efits of exercise in these epidemiological studies were 
observed irrespective of whether physical activity or 
fitness was studied, whether participants were men or 
women, and whether the outcome was CVD- or all-
cause death. A dose–response relationship has been 
demonstrated with regard to exercise intensity where 
those who exercise more vigorously attain greater 
long-term benefits (Figure 17.1) (114).

secondary Prevention

In addition to benefits in primary prevention, regu-
lar exercise has clear benefits both after myocardial 
infarction (MI) and after a diagnosis of CAD. A large 

meta-analysis of 63 randomized trials of physical 
activity including 21,295 patients with CAD (most of 
whom were post-MI), showed a reduction in recurrent 
MI by 17% at one year and 47% at two years with reg-
ular exercise (116). Among patients with stable CAD, 
exercise has also been shown to have substantial ben-
efits. Hambrecht and colleagues randomized men age 
≤ 70 with class I to III angina and angiographic evi-
dence of CAD to an aerobic exercise training program 
(20 min per day) versus percutaneous coronary inter-
vention with stenting. At one year of follow-up, event-
free survival was significantly higher in the exercise 
training group (88% versus 70%, P < 0.001) (35).

Exercise via cardiac rehabilitation after coro-
nary revascularization also has clear benefits. A 
2004 systematic review and meta-analysis of patient 
 postmyocardial revascularization showed that 
 exercise-based rehabilitation was associated with 
lower cardiac and all-cause mortality (117). Patients 
who have undergone coronary artery bypass graft 
(CABG) surgery and who have participated in cardiac 
rehabilitation have also been shown to have a lower 
incidence of adjusted all-cause mortality at 10 years 
(23% vs. 36%, adjusted hazard ratio 0.54 with 95% 
confidence interval 0.40–0.74) (118). Moreover, there 
appears to be a dose–response relationship between 
number of cardiac rehabilitation sessions and long-
term outcomes, where participants with higher atten-
dance at cardiac rehabilitation programs displayed 
lower risk of death and MI at four years (119).

Figure 17.1 Cumulative mortality from Age 50 by leisure time Physical Activity level
Source: Adapted from ref. (114) Byberg l et al. total mortality after changes in leisure time physical activity in 50 year old men: 35 
year  follow-up of population based cohort. BMJ, 2009: 338.
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In summary, exercise appears to have signifi-
cant benefits with regard to reduction of recurrent 
MI risk and mortality in patients with stable CAD, 
patients who are post-MI, and patients who are post-
coronary revascularization including CABG.

PHysicAl AcTiviTy AssEssmEnT  
And PrEscriPTion

 n A description of light, moderate, and vigorous phys-
ical activities is provided in Table 17.1.

 n Specific guidelines for exercise regimen prescrip-
tions are outlined in Table 17.2.

Depending on the intensity of the activity, phys-
ical activity can be described as vigorous, moderate, 
or light (Table 17.1). A well-validated and interna-
tionally used instrument that providers can employ to 
assess patients’ physical activity level is the Interna-
tional Physical Activity Questionnaire (IPAQ) (120). 

The IPAQ quantifies the amount of time spent in vig-
orous, moderate, and sedentary activity to categorize 
an individual’s overall activity level as high, moderate, 
or low (Table 17.2). Assessments of physical activity 
as a continuous variable (MET·min·week), calculated 
by multiplying METs (intensity level) × duration of 
activity × frequency of activity per week, are also used 
in scoring.

Weekly physical activity regimen can be 
 prescribed based on patients’ medical history and 
desired goals, as per various public health and 
 professional guidelines (Table 17.3). Recommended 
physical activity prescriptions for different risk  factors 
and conditions are detailed below.

Cholesterol: The 2013 AHA/ACC guidelines 
 recommend aerobic physical activity lasting an 
 average of 40 minutes per session, for 3–4 sessions 
per week, in order to reduce LDL-C and non-HDL-C 
in adults (class of recommendation IIa, level of evi-
dence A) (10).

Table 17.1 met equivalents of Common Physical Activities by intensity

light <3 MeTs Moderate 3–6 MeTs Vigorous >6 MeTs

Walking slowly at home Walking briskly Jogging, running

desk work, using computer Carpentry, mowing lawn mining, shoveling

light household chores (ironing, 
washing dishes)

heavy cleaning – car or household farming, digging ditches

Playing cards or darts Ballroom dancing, table tennis Basketball, soccer, 
swimming

Source: Adapted from Ainsworth Be, Sternfeld B, richardson mt, Jackson J. evaluation of the Kaiser Physical Activity Survey in 

Women. Med Sci Sports Exerc. 2000;32(7):1327–1338. 

Table 17.2 iPAQ Categories of Physical Activity

Physical activity level Criteria

high Any of the following 2 criteria:
• Vigorous-intensity activity on at least 3 days and accumulating at least 1500 MET-
minutes/week or
• 7 or more days of any combination of walking, moderate-intensity, or vigorous 
intensity activities achieving a minimum of at least 3000 met-minutes/week

moderate Any of the following 3 criteria:
• 3 or more days of vigorous activity of at least 20 minutes per day OR
• 5 or more days of moderate-intensity activity or walking of at least 30 minutes per 
day or
• 5 or more days of any combination of walking, moderate-intensity, or vigorous 
intensity activities achieving a minimum of at least 600 met-min/week.

low not meeting criteria for moderate or high activity above

Source: Bauman A, Bull f, Chey t, Craig Cl, Ainsworth Be, Sallis Jf, Bowles hr, hagstromer m, Sjostrom m, Pratt m, iPS group. 
the international Prevalence Study on Physical Activity: results from 20 Countries. Int J Behav Nutr Phys Act. 2009;6:21.
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Blood Pressure: The 2013 AHA/ACC guidelines 
also recommend aerobic physical activity lasting an 
average of 40 minutes per session, for 3 to 4 sessions 
per week, for at least 12 weeks, duration in order to 
reduce blood pressure (class of recommendation IIa, 
level of evidence A) (10).

Glycemic Control: The ACSM/American Diabetes 
Association (ADA) joint position statement recom-
mends 150 minutes of moderate-to-vigorous physi-
cal activity per week to prevent diabetes in high-risk 
adults (ADA level of evidence A) (121). They also 
recommend that individuals with diabetes partake 
in 150 minutes per week of moderate to vigorous 
physical activity with no more than two consecu-
tive days without exercise (ADA level of evidence 
B) (121). Similarly, the AHA recommends 150 min-
utes of  moderate-intensity and/or 90 minutes per week 
of vigorous-intensity exercise among individuals with 
type 2 diabetes (122).

Weight Management: The ACSM recommends 150 
to 250 minutes of physical activity per week with an 
energy equivalent of 1,200 to 2,000 kcal per week to 
prevent weight gain in adults (61). For those wishing 
to lose weight, 150 to 225 minutes per week promotes 
2 to 3 kg weight loss, and > 225 minutes per week 
promotes 5 to 7.5 kg weight loss (61).

Secondary Prevention: ACC/AHA guidelines recom-
mend referral to a multicomponent cardiovascular 
rehabilitation program that includes exercise train-
ing for patients with a recent MI or acute coronary 
syndrome, chronic stable angina, heart failure, fol-
lowing revascularization via percutaneous coronary 

intervention or coronary artery bypass surgery, or fol-
lowing cardiac valve surgery or heart transplantation 
(Class I recommendation) (123).

summAry

Over the past several decades, there has been a con-
siderable transformation toward sedentary lifestyles, 
due in part to advances in transportation, technology, 
entertainment, and the workplace. In contrast, physi-
cal activity has been thoroughly shown to have mul-
tiple favorable biological and physiological effects 
that reduce risk of CVD- and all-cause death in large 
population-based studies.

Regular exercise favorably affects lipoprotein 
profiles, blood pressure, and body composition, and 
improves insulin sensitivity and blood glucose lev-
els. Therefore, it helps to prevent the onset of and 
improves control of type 2 diabetes. Exercise also 
reduces inflammation, thrombosis, and platelet aggre-
gation. Regular exercise has been associated with 
decreased rates of subclinical CVD and CVD events, 
and with improved overall survival.

Most public health and scientific communities 
recommend approximately 150 minutes of moderate 
physical activity over most days of the week for reduc-
tion of LDL, non-HDL, diabetes risk, blood glucose, 
weight, MI risk, and all-cause mortality. In an era of 
increasingly sedentary lifestyles, the importance of 
fitness and regular exercise are of utmost importance 
and should not be overlooked by attention to diet and 
weight alone.

Table 17.3 exercise regimen Prescriptions from various Professional Associations

association regimen intensity Duration Frequency goals/benefits

AhA/ACC Aerobic exercise moderate-
to-vigorous

40 min/session 3-4 sessions/
week

reduce ldl-C and 
 non-hdl-C (10)

AhA/ACC Aerobic exercise moderate-
to-vigorous

40 min/session 3-4 sessions/
week

reduce BP (10)

ACSm/AdA Aerobic exercise moderate 150 total min per week Prevent diabetes in high-
risk adults (121)

ACSm/AdA Aerobic exercise moderate-
to-vigorous

150 total min per week improve blood glucose 
control in diabetics (121)

ACSm Aerobic exercise energy 
equivalent 
of 1,200–
2,000 kcal/
week

150–250 total min per week

150–225 total min per week

>225 total min per week

to prevent weight gain 
(61)
to promote 2–3 kg 
weight loss (61)
to promote 5–7.5 kg 
weight loss (61)
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The Prevention of Cardiovascular 
Disease Among Women

Much progress has been made in the past decade in 
the reduction of fatal cardiovascular disease (CVD) 
in women. Between 1979–1999, the CVD death rate 
among women remained essentially unchanged, 
hovering around 500,000 deaths annually. However, 
after the year 2000, the CVD mortality rate dramati-
cally declined in women (Figure 18.1)(1) likely due 
to intensified secondary preventive efforts, improved 
treatment of risk factors, and education. Despite this 
progress, CVD remains the leading cause of death for 
American women. The 2008 death rate attributable 
to CVD is 200.5 per 100,000 and 277.4 per 100,000 
for white and black females, respectively (1).

EPIDEMIOLOGY

Although the overall CVD mortality rates have been 
going down, statistics from the National Health and 
Nutrition Examination Survey (NHANES) found 
that CVD mortality rates have actually increased for 
younger women age 35 to 44 on average by 1.3% 
(95% CI 0.2 to 2.5) per year since 1997, a worri-
some trend, likely due to the increased prevalence of 
obesity, diabetes mellitus, and metabolic syndrome 
among women (2).

Before age 75, a higher proportion of CVD 
events attributable to coronary heart disease (CHD) 
occur in men compared to women, but a higher pro-
portion of CVD events from stroke is found among 

women. Thus, a focus on prevention of total global 
atherosclerotic CVD, rather than just CHD, is para-
mount for women and is the recommended focus of 
the 2011 Effectiveness-Based Guidelines for the Pre-
vention of Cardiovascular Disease in Women (3) as 
well as the 2013 American Heart Association (AHA)/
American College of Cardiology (ACC) Risk Assess-
ment Guidelines (4).

Lifetime risk of CVD is very high in women. For 
women free of clinical CVD at 50 years of age, ~40% 
of women will later develop CVD compared to the 
lifetime risk of breast cancer (13%), lung cancer (6%), 
and colorectal cancer (6%). Preventive efforts need to 
begin early because even the presence of a single major 
risk factor by middle age is associated with increased 
lifetime risk for CVD and markedly shorter survival. 
Using data from 18 cohorts, women with an optimal 
risk-factor profile (total cholesterol level <180 mg/dl,  
systolic and diastolic blood pressures <120 and 
<80 mmHg, nonsmoking, and nondiabetic) had sub-
stantially lower risks of CVD death through the age 
of 80 years compared with women with two or more 
major risk factors (6.4% vs. 20.5%), as well as lower 
lifetime risks of CHD (<1% vs. 18.%) and stroke (5% 
vs. 11%) (5).

AHA Surveys have indicated that women’s 
awareness of heart disease has been increasing 
over time, with 57% of women surveyed in 2006 
(compared to 30% in 1997, P < 0.001) being aware 
that heart disease is the leading cause of death for 
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impact of Cvd in Women

• Single largest killer of American women
• More women than men die each year from CVD  
in absolute numbers
• In women, CVD-related deaths exceed the next  
7 causes of death combined
• One woman dies of CVD ~every minute
• 2/3 of women who die had no prior symptoms
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Figure 18.1 Cardiovascular disease mortality trends for males and females (United States: 1979–2007).  
Source: Roger VL, Go AS, Lloyd-Jones DM, et al. American Heart Association Statistics Committee and Stroke 
Statistics Subcommittee. Heart disease and stroke statistics—2012 update: a report from the American Heart Association. 
Circulation. 2012;12:e2-e220.

women (6). Awareness is significantly lower among 
black and Hispanic women. Unfortunately, the 
majority of women surveyed still reported taking 
therapies to prevent CVD that are not evidenced-
based. Furthermore, only 53% of women said they 
would call 911 if they thought they were having a 
heart attack and only 23% said they would take an 
aspirin (6). Therefore, there is room for improvement 
with our educational efforts, particularly among 
minority race/ethnic groups.

CVD RIsk FACTORs AnD LIFEsTYLE 
MAnAGEMEnT In WOMEn

Reproductive Factors

Although many of the traditional CVD risk fac-
tors are the same for both men and women, several 
reproductive factors unique to women may identify 
women at elevated risk for a subsequent CVD event 
(Figure 18.2). Pregnancy, for example, offers a unique 
stress that may unmask underlying endothelial dys-
function, metabolic risk, and/or vascular disease (7).

Women with hypertension in pregnancy, pre-
eclampsia, or gestational diabetes have a higher pre-
dicted risk of CVD later in life. Studies suggest that 
35% to 60% of women with a history of gestational 
diabetes will develop type 2 diabetes within 10 years 
(7). Thus, for women diagnosed with gestational diabe-
tes, it is recommended that after the initial postpartum 
testing a glucose screen should be done within a year 
and at a minimal interval of 3 years after that. Women 
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Figure 18.2 Reproductive factors unique to women may identify women at elevated risk for a subsequent CVD 
event. Adapted from Ouyang P, Johns Hopkins, personal communication.

reproductive Factors and CVD risk

• Ask about a reproductive and pregnancy history as 
part of CVD screening.
• Pay particular attention to a history of gestational 
diabetes, hypertension in pregnancy, pre-eclampsia, 
preterm delivery, delivery of a low-birth-weight 
infant, early menarche, early menopause, surgical 
oopherectomy, polycystic ovarian disease.
• May help identify women at increased CVD 
risk so that risk factor screening and treatment, 
particularly intensified lifestyle measures, can be 
implemented.

with a history of pre-eclampsia have nearly double the 
risk of CHD and stroke approximately 10 to 12 years 
later, and a 49% increased risk of all-cause mortality 
at an average 15 years follow-up (8).

On average, women experience CHD events 
10  years later in life than men attributed to a “pre-
menopausal” advantage. Data from the Framingham 
cohort suggest postmenopausal women are at greater 
risk for CHD than premenopausal women at any age. 
But on a logarithmic scale, the risk of CHD by age in 
women is more linear, without evidence for a rapid 
acceleration in mid-life (9).

smoking

In 2010, 18% of adult women still continue to smoke 
(1). Smoking is even a stronger risk factor for CVD 
in women than it is for men. Female smokers die an 
average of 14 years earlier than female nonsmokers. 

Smoking Cessation Management

• Ask about current and past smoking as well as sec-
ondary tobacco smoke exposures.
• Assess readiness to quit.
• At each visit, strongly encourage patient and/or 
family members to stop smoking and provide coun-
seling, offer nicotine replacement or other pharma-
cotherapy in conjunction with a behavioral program 
or formal smoking cessation program.
• Be prepared to give advice on weight control 
strategies as weight gain may be a concern for some 
women regarding quitting.

For women < 50 years of age, the majority of CHD 
is attributable to smoking. Smoking triples a middle-
aged women’s risk of dying from CHD.

Hypertension

The risk of vascular and all-cause mortality risk 
increases linearly with increasing blood pressure, and 
the risk of CHD mortality associated with an elevated 
blood pressure may be even greater for women com-
pared to men (10).

In 2010, the overall prevalence of hypertension 
was 28.5% among women, but increased with age, 
such that the prevalence of hypertension was 70% to 
80% for women ≥70 years old. Awareness and control 
rates were 81% and 56%, respectively, for women, 
with no improvement since 2007 (11).

The AHA CVD prevention guidelines for 
women (3) support aiming for an optimal blood 

Amsterdam_87864_PTR_18_174-183_9_26_14.indd   176 25/09/14   10:50 PM



18: The PrevenTion of CardiovasCular disease among Women 177

Physical Activity and Exercise Capacity

Exercise capacity, as demonstrated on a treadmill stress 
test, can predict all-cause mortality independent of tra-
ditional risk factors. Gulati et al. developed a nonogram 
for predicted exercise capacity in women as follows: 
[predicted METS = 14.7 – (0.13 × age)]. The risk of 
death among asymptomatic women whose exercise 
capacity was <85% of their age-predicted value was 
double that compared to those ≥85% (P < 0.001) (12).

Per 2010 AHA statistics (1), only 16% of adult 
women met the recommended physical activity levels. 
Data from the Nurses’ Health study show that seden-
tary behaviors, especially TV watching, were associ-
ated with significantly elevated risk of obesity and 
type 2 diabetes, whereas even light to moderate activ-
ity was associated with substantially lower risk (13).

pressure of <120/80 mmHg through lifestyle such 
as weight control, increased physical activity, keep-
ing alcohol in moderation, sodium restriction, and 
increased consumption of fruits/vegetables. Women 
identified with prehypertension (120–139 mmHg sys-
tolic and/or 80–89 mmHg diastolic) are recommended 
for intensified lifestyle modifications to delay or pre-
vent progression to hypertension.

Pharmacotherapy is indicated when blood pres-
sure is ≥140/90 mmHg (≥140/80 mmHg for diabetes 
mellitus). Antihypertensive treatment recommenda-
tions do not vary by gender, although there are a few 
special considerations for women. Angiotensive-
converting enzyme inhibitors (ACE-I) are contraindi-
cated in pregnancy and ought to be used with caution 
in women who may become pregnant. For women 
who develop hypertension while taking oral contra-
ceptives, the first treatment is to stop the oral contra-
ceptives and switch to another form of birth control. 
ACE-I induced cough and peripheral edema associ-
ated with calcium channel blockers are more common 
in women than in men (10).

Diabetes

Diabetes is also an even greater CVD risk factor in 
women compared to men, associated with a three- to 
sevenfold increase in CHD event risk in women com-
pared to a two- to threefold increased risk in men. The 
presence of diabetes appears to negate the “female 
advantage” that premenopausal women experience 
relative to men in regard to CVD risk. The 2011 AHA 
CVD prevention guidelines for women (3) recom-
mend using lifestyle and pharmacologic therapy to 
target a hemoglobin A1c < 7% if this can be done 
safely without significant hypoglycemia. More lenient 
goals such as A1c < 8% may be appropriate for those 
with long-standing, difficult to control diabetes or 
who also have macrovascular disease. Women with 
other metabolic risk factors (i.e., hypertension, dys-
lipidemia, obesity) should be screened for glucose 
intolerance and diabetes.

Hypertension in Women

• Hypertension predicts CVD risk in both pre- and 
postmenopausal women.
• Hypertension occurs earlier and more frequently 
in African American women compared to white 
females.
• Older women are more likely to have isolated 
systolic hypertension.
• Women benefit as much as men in risk reduction 
from stroke and CVD events from HTN treatment.

Physical Activity Recommendations for Women from the 
2011 AHA Women’s Guidelines

• Aim for 150 min/wk of moderate exercise, 75 min/
wk of vigorous exercise, or an equivalent combina-
tion of moderate- and vigorous-intensity aerobic 
physical activity.
• Muscle strengthening exercises recommended at 
least twice a week.
• There may be additional cardiovascular benefits by 
increasing moderate physical activity to 5 hrs/wk or 
vigorous physical activity to 2.5 hrs/wk.
• Cardiac rehab referral for women with a recent MI 
or revascularization, angina, CHF, or PAD.

Source: Adapted from Ref. (3). Mosca L, Benjamin EJ, Berra K,  
et al. Effectiveness-based guidelines for the prevention of 
cardiovascular disease in women--2011 update: a guide-
line from the American Heart Association. Circulation. 
2011;123:1243–1262.

Obesity

Unfortunately in 2011, the AHA statistics report that 
among American women >20 years old, 59% of 
whites, 71% of blacks, and 75% of Mexican Americans  
were overweight/obese (1). Obesity, particularly 
abdominal obesity, increases the risk of metabolic 

Weight Management in Women

• Calculate BMI and measure waist circumference as 
part of evaluation and monitor response of BMI and 
waist circumference to therapy.
• A desirable BMI is between 18.5 and 24.0 kg/m2 
and a waist circumference <88 cm (<35 inches).
• If BMI and/or waist circumference is above goal, 
initiate caloric restriction, measures to increase 
caloric expenditure, and treatment strategies for the 
metabolic syndrome.
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highly predictive of subsequent cardiovascular events 
in women, independent of traditional CVD risk fac-
tors. Among women the relative risk ratios for MI or 
fatal CHD increased from 4.9-fold, 5.5-fold, and 8.7-
fold for mild-, moderate-, and high-risk CAC scores, 
respectively, compared to the absence of CAC (19). 
Furthermore the ability of CAC to risk stratify was 
similar between men and women.

Even among women in the Multi-Ethnic Study 
of Atherosclerosis (MESA) at low predicted 10-year 
risk by FRS, the presence of CAC was independently 
associated with increased risk for CHD (HR 6.5; 95% 
CI 2.6–16.4) compared to women with no detectable 
CAC (20). Advanced CAC identifies a group of women 
with a higher absolute event rate than their predicted 
risk. Many would argue for treating this group with 
intensified primary prevention such as statin therapy.

Limitations of CAC scoring include the mod-
est amount of radiation exposure (about the amount 
of a bilateral mammogram), the detection of inciden-
tal findings that may need follow-up, and the lack of 
clinical trial evidence currently available that dem-
onstrates making treatment decisions using a CAC-
based adjustment improves outcomes compared to a 
model based on global risk score.

Inflammation

High-sensitivity C-reactive protein (hsCRP) is a 
marker of inflammation and strongly associated with 
the metabolic syndrome. In a cohort of >27,000 appar-
ently healthy women, hsCRP was a better predictor 
of risk for CVD events than LDL-C and added prog-
nostic information to FRS (21). Women, on average, 
have higher hsCRP levels than men. Results from the 
JUPITER clinical trial would support the selective use 
of statins in older women >60 years of age with ele-
vated hsCRP > 2 mg/L (22). Inflammatory systemic 

syndrome, diabetes, and CVD in women. Intensified 
lifestyle modification should be aimed both at reducing 
caloric intake as well as increasing physical activity.

Lipids

Women experience an increase in lipid levels after 
menopause. SWAN (Study of Women’s Health Across 
the Nation) demonstrated there were substantial 
increases in total cholesterol, LDL-C, and apolipopro-
tein B within the 1-year interval before and after the final 
menstrual period, consistent with menopause-induced 
changes. On the other hand, other nonlipid CVD risk 
factors (such as glucose, insulin, blood pressure, fibrin-
ogen, and C-reactive protein) showed a more linear rise 
over time indicative of chronological aging (14).

Non-HDL was found to be a better predictor 
of CVD mortality in women compared to LDL-C 
(15). In the Women’s Health Study (WHS), HDL-C 
was inversely associated with coronary events across 
a range of LDL-C values, including among women 
with low LDL-C levels (16). Previous guidelines from 
the Adult Treatment Panel III (ATP-III) (17) endorse 
LDL-C as the primary lipid target for screening and 
intervention, with non-HDL-C being a secondary goal. 
However, the 2013 ACC/AHA Cholesterol Guidelines 
(18) have moved away from lipid targets but rather 
endorse the use of moderate- to high-dose statins for 
secondary prevention and higher risk primary preven-
tion patients. These changes broaden risk assessment, 
lower treatment thresholds, and now explicitly iden-
tify statins as the first-line treatment. Lipid targets and 
treatment recommendations do not differ by gender.

Lipids in Women

• Lipid levels rise after final menstrual period.
• Low HDL independently predicts risk in women.
• Triglycerides are a stronger predictor of risk in 
women compared to men.
• Nonfasting triglycerides may predict risk better 
than fasting triglycerides.
• Non-HDL predicts risk in women better than LDL-C.

Coronary artery calcium (CAC)

Vascular age is not always concordant with chrono-
logic age, yet CVD risk prediction models, such as 
the Framingham Risk Score (FRS) and the 2013 
ACC/AHA Risk Estimator, are heavily weighted on 
age. CAC measured by noncontrast CT is a useful 
surrogate measure of total coronary atherosclerotic 
burden. Compared to men, CAC is less prevalent in 
women at a given age. However, detectable CAC is 

2013 ACC/AHA Optional Groups for Revising  
Risk-Group Upward When Treatment Decisions are 
Uncertain

• FH of premature CVD
• CAC Score ≥300 or ≥75th age/gender/ethnicity 
percentile
• hsCRP ≥2 mg/L
• ABI <0.9

* Carotid IMT not recommended as screening tool.
Source: Adapted from Ref. (4). Goff DC Jr., Lloyd-Jones DM, 
Bennett G, et al. 2013 ACC/AHA guideline on the assess-
ment of cardiovascular risk: a report of the American College 
of Cardiology/American Heart Association Task Force on 
Practice Guidelines. J Am Coll Cardiol; published online 
November 12, 2013.
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(RRS) for CVD. The RRS was developed in a popu-
lation exclusively of women and incorporates three 
new variables to the ATP-III version (family history 
[FH] of premature CHD, hsCRP, and hemoglobin A1c 
if diabetic). In an external validation study applied to 
the Women’s Health Initiative Observational Study 
(WHI-OS), the RRS performed better in predicting 
risk, whereas FRS-based models overestimated pre-
dicted risk (26).

Even more recently, the 2013 AHA/ACC Risk 
Assessment Guidelines developed new race- and sex-
specific risk model equations to estimate the 10-year 
risk for hard atherosclerotic CVD which includes 
CHD and stroke, but not congestive heart failure (4). 
This is certainly an improvement from the ATP-III 
version of FRS; yet concerns arise from the exclu-
sions of FH of premature CVD and assessment of 
subclinical atherosclerosis from the risk models. Also 
there is no guidance about how to handle younger 
individuals with unique risk factors such as systemic 
autoimmune collagen-vascular diseases or history 
of  pre-eclampsia. When the 2013 risk models were 
applied to two large-scale primary prevention cohorts 
of women (WHS and WHI-OS), there was also sys-
tematic overestimation of risk (27).

Discrepancies in perceived risk between men 
and women may drive underutilization of preven-
tive therapies in women. In a survey of physicians, 
primary care doctors were more likely to assign 
women at intermediate-risk by FRS to a lower risk 
category compared to men with a similar risk profile 
(28). Patients with a lower FRS were significantly 
less likely to receive counseling regarding physi-
cal activity and diet than patients at intermediate or 
high FRS.

PREVEnTIVE TREATMEnT In WOMEn

statin Therapy in Women

Secondary Prevention
In a meta-analysis of 11 randomized clinical tri-
als representing 43,193 patients, statin therapy was 
associated with an overall reduced risk of CVD 
events for both women (RR 0.81 [95% CI 0.74–
0.89]) and men (RR 0.82 [0.78–0.85]). However, 
there was not a statistically significant reduction in 
all-cause mortality in women (RR 0.92 [0.76–1.13]) 
compared to men (RR 0.79 [0.72–0.87]) (29). This 
may be because these clinical trials were not pow-
ered to detect a mortality benefit and were generally 
short term in duration.

autoimmune collagen-vascular diseases, such as lupus 
erythematosus and rheumatoid arthritis, are more also 
prevalent in women, and have been shown to increase 
one’s relative risk for atherosclerotic CVD (23).

CARDIOVAsCuLAR RIsk AssEssMEnT 
TOOLs FOR WOMEn

A universal recommendation of prevention guidelines 
is that all women should undergo a global risk assess-
ment (4,17). The prior ATP-III guidelines set thresh-
olds for lipid treatment based on one’s predicted 
10-year risk for a CHD event using a modified FRS 
(17). However, there were limitations with using the 
ATP-III model for CVD prediction in women. The 
large majority of women out to age 70 are consid-
ered “low-risk” by FRS despite a high lifetime risk 
of CVD (24).

2013 ACC/AHA Risk Equations

• Predicts total CVD events (MI or and stroke)
• Specific equations for gender and white/black race, 
but may perform suboptimally for certain race/ethnic 
groups with overestimation of risk in Chinese/East-
Asian Americans and underestimation in American-
Indians and Americans of South-Asian descent
• Still does not take into account family history, exer-
cise capacity, or subclinical atherosclerosis
• Primary focus still on short-term (10-year) risk, 
although there is an option to calculate “lifetime” risk
• May still over- or underestimate risk in certain 
groups

Previous studies had suggested the ATP-III 
version may underestimate risk in some women. In 
a study of women <65 years old who presented with 
their first MI, none had a prior 10-year ATP-III high 
predicted risk; only 5% were intermediate risk, with 
95% being calculated at low-risk and only 18% meet-
ing NCEP criteria for lipid-lowering therapy (25). We 
previously evaluated ATP-III predicted risk across a 
continuum of CAC scores in three studies of middle-
aged asymptomatic nondiabetic women and found 
the majority (>90%) of women were classified as 
low-risk (<10%) by ATP-III, yet a substantial number 
had a significant burden of subclinical atherosclerosis 
measured by CAC (26). These studies suggest missed 
opportunities to initiate aggressive preventive lifestyle 
and pharmacologic strategies for at-risk women.

Other risk models have emerged including vari-
ations of FRS developed for total CVD, for 30-year 
risk, and a nonlaboratory model (substituting BMI for 
lipid variables), as well as the Reynolds Risk Score 
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established CVD taking aspirin, highlighting the 
underutilization of proven secondary prevention ther-
apies in women (31).

In primary prevention, the use of aspirin for 
prevention is more controversial. In a clinical trial 
of nearly 40,000 initially healthy women >45 years 
old randomized to 100 mg of aspirin or placebo, low-
dose aspirin reduced the risk of stroke over 10-year 
follow-up without reducing the risk of MI. Subgroup 
analyses showed that aspirin significantly reduced the 
risk of major cardiovascular events, ischemic stroke, 
and MI among women 65 years of age or older (32). 
Women assigned to aspirin therapy had higher bleed-
ing risk, which cautioned the use of aspirin for pri-
mary prevention, particularly in women <65 years of 
age. In general, aspirin may be considered in higher-
risk individuals without known CVD (above 1% CVD 
event rate per year) if the benefits are felt to outweigh 
the risks for that individual and taking into account 
patient’s preference.

A larger meta-analysis of 18 randomized clini-
cal trials of statins of both primary and secondary 
prevention (N = 141,235 including 40,275 women) 
examined sex-specific outcomes (30). The effect on 
mortality in women was not seen for secondary pre-
vention (OR 1.03 [0.84–1.25]). However, when pri-
mary and secondary prevention trials were combined, 
a mortality benefit was seen (OR 0.90 [0.82–0.99]).

Primary Prevention
The use of statins in primary prevention had been 
somewhat controversial, especially for women, but 
the numbers are now in. In a 2010 meta-analysis of 
exclusively primary prevention trials, statins were 
shown to reduce CVD in women significantly (RR 
0.63 [0.49–0.82]; no heterogeneity compared with 
men) with a trend toward reduced mortality (RR 0.78 
[0.53–1.15] (22).

Furthermore, a more recent meta-analysis 
(year 2012) by Kostis et al. (30) did find a benefit 
for all-cause mortality with statins in women when 
predominantly primary prevention trials were ana-
lyzed separately (OR 0.87 [0.78–0.97]). A statisti-
cally significant decrease in total CVD events was 
observed in women (OR: 0.81 [0.75–0.89]) as well as 
men, with similar lowering in both sexes. Kostis esti-
mated that the number needed to treat a woman over a 
4-year period to prevent one CVD event was 148 for 
primary prevention and 36 for secondary prevention 
(the corresponding numbers in men are 43 and 29, 
respectively).

Aspirin Therapy in Women

In secondary prevention, the role of aspirin is well 
established. Among patients with known CVD, aspirin 
reduces subsequent CVD events and mortality, with 
similar benefit among men and women (31). Among 
women with stable CVD enrolled in the  WHI-OS, 
aspirin therapy reduced all-cause and cardiovascular-
specific mortality, although the use of aspirin was 
surprisingly low, with less than 50% of women with 

Statin Therapy in Women

• Benefit of statin therapy with respect to the  
primary event is more pronounced in secondary  
prevention trials than in primary prevention trials  
for women.
• However, statin therapy is associated with  
significant decreases in CVD events and in  
all-cause mortality in both women and men.

Aspirin Therapy in Women (3)

• Secondary prevention: Should use unless contrain-
dicated (Class I).
• Primary prevention:

 ° For women <65 years, routine use not recom-
mended for prevention of MI (class III).

 ° For women ≥65 years, low-dose aspirin may be 
reasonable for prevention of ischemic stroke and 
MI if blood pressure is controlled, and if benefits 
are likely to outweigh bleeding risks (Class IIa).

 ° For women <65 years, low-dose aspirin may be 
considered for ischemic stroke prevention if blood 
pressure is controlled, and if benefits are likely to 
outweigh bleeding risks (Class IIb).

Class I (intervention is useful and effective), Class IIa  
(evidence favors usefulness), IIb (usefulness less well  
established), III (not useful, may be harmful).

supplements

Nearly 50% of Americans report taking vitamins 
or supplements for health benefits. Yet, at this time, 
there is no convincing evidence that antioxidant and/
or multivitamin use reduce CVD in women. Although 
low serum levels of 25-hydroxyvitamin D have been 
associated with adverse CVD outcomes in observa-
tional studies, it is currently unknown whether treat-
ing low-vitamin D status with supplements can reduce 
CVD (33). Randomized clinical trials are underway to 
evaluate this.
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who presented with acute MI in 420 U.S. hospitals  
from 2001–2006 (36). Even after multivariate analy-
ses adjusting for age and comorbid conditions, women 
were less likely to receive early medical therapy such 
as aspirin and beta-blockers within 24 hours of pre-
sentation, were less likely to undergo cardiac cathe-
terization and revascularization procedures, and were 
less likely to meet quality assurance measures such as 
a “door to balloon time” in under 90 minutes.

GEnDER DIFFEREnCEs  
In CVD PREsEnTATIOn

Hormone Therapy

Animal and observational studies have suggested ben-
eficial effects of hormone therapy in reducing the risk 
of CVD when it is initiated early in the perimenopausal 
period or before the development of significant athero-
sclerosis. However, randomized, placebo-controlled 
trials in older women have not shown any benefit in 
either primary prevention or secondary prevention of 
CVD, with a concerning trend toward harm (34).

Other Therapies Not Recommended for CVD preven-
tion (Class III – Not Useful or may be Harmful) 

• Antioxidants, multivitamins, folic acid
• Hormone therapy or selective estrogen-receptor 
modulators

Source: Adapted from Ref. (3). Mosca L, Benjamin EJ, Berra 
K, et al. Effectiveness-based guidelines for the preven-
tion of cardiovascular disease in women--2011 update: a 
guideline from the American Heart Association. Circulation. 
2011;123:1243–1262.

GEnDER DIsPARITIEs In TREATMEnT OF 
ACuTE COROnARY sYnDROMEs

Lessons from the CRUSADE and Get with the Guidelines 
Registries

• Women are typically older and with more associ-
ated comorbidities (ie diabetes, hypertension) when 
they present with ACS.
• Women less likely to present with STEMI.
• Even adjusting for comorbidities, there are gender 
disparities in the utilization of both acute and dis-
charge medications.
• Underutilization of evidence-based therapies can 
translate to poorer outcomes in women.

Despite advances in therapies to treat ischemic heart 
disease, these therapies continue to be underutilized 
in women compared to men. The CRUSADE National 
Quality Improvement Initiative collected data on 40,912 
patients at 391 U.S. hospitals who presented with a 
high-risk non-ST elevation acute coronary syndrome 
(ACS) between the years of 2000–2002 (41% women). 
CRUSADE found that women had higher risk clinical 
characteristics on presentation, but even after multivari-
ate adjustment factoring in these differences, women 
were less likely to receive acute heparin, ACE-I, and 
glycoprotein IIb-IIIA inhibitors, and were less likely to 
receive aspirin, ACE-I, and statins at discharge (35).

The “Get With the Guidelines” hospital registry  
collected data for >78,000 patients (39% women)  

Lessons from Wise Study: Symptomatic Angina in the 
Absence of Obstructive CHD is not Benign

• May be associated with ischemia on cardiac perfu-
sion MRI.
• Associated with a higher prevalence of atheroscle-
rosis which correlated with increased risk factors.
• Associated with higher CVD event rates.
• Associated with higher lifetime costs.
• Possible mechanisms for ischemia include impaired 
coronary reactivity, endothelial dysfunction, vaso-
spasm, and plaque erosion with distal embolization.

Source: Adapted from Ref. (37). Gulati M, Shaw LJ, 
BaireyMerz CN. Myocardial ischemia in women: lessons from 
the NHLBI WISE study. Clin Cardiol. 2012;35:141–148.

Chronic stable angina is slightly more prevalent in 
women compared to men, although women with 
angina are less likely to have obstructive CHD. 
Women with angina report greater functional disabil-
ity. Women are also more likely to have nonchest pain 
presentations of their myocardial ischemia (i.e., atypi-
cal symptoms) (38). In ACS, women compared to men 
are more likely to have pain in the back, neck, or jaw, 
or dyspnea, nausea, indigestion, or fatigue.

Diastolic heart failure is prevalent among older 
women and can contribute to coronary ischemia 
through imbalances in myocardial demand/supply. 
Syndrome X (characterized by angina, abnormal exer-
cise stress test, but angiographically normal coronary 
arteries) is more common in women compared to 
men, and associated with adverse outcomes.

suMMARY

There are sex-specific differences in CVD risk factors, 
in the presentation and mechanisms of ischemia, and 
disparities in the utilization of prevention therapies 
which can all contribute to poorer outcomes in women. 
There needs to be a continued emphasis of adequate 
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enrollment of women in primary and secondary clini-
cal trials of interventions and treatment for CVD, with 
reporting of gender-stratified results, so that provid-
ers can make the best evidence-based treatment deci-
sions. There need to be continued educational efforts 
to promote CVD risk awareness for women and their 
health providers and a continued emphasis on striving 
for ideal cardiovascular health, particularly through 
intensified lifestyle measures, throughout the life-
span. There is an urgent need to reverse the worrisome 
epidemic trend of obesity, diabetes, and metabolic 
syndrome which threatens to halt or even reverse the 
progress gained in reducing CVD mortality. Women 
are often the gatekeepers of their family’s health; thus 
when women are making healthier lifestyle choices, 
their whole family benefits as well.
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Prevention of  
Cardiovascular Disease  
in Pediatric Populations

Many risk factors and behaviors relevant to cardio-
vascular disease (CVD) develop during childhood 
and adolescence. The strongest predictors of CVD 
among pediatric populations are dyslipidemia, obe-
sity in males, hypertension, tobacco use, and dia-
betes mellitus. All children should undergo regular 
screening for CVD that includes measurement of 
body mass index (BMI), blood pressure, and lipid 
levels; at-risk children should undergo diabetes 
screening. Medical therapy for children with dys-
lipidemia should begin with a statin. Treatment of 
children with hypertension should focus on dietary 
modifications and pharmacotherapy; many classes of 
antihypertensive medications may be considered safe 
and appropriate choices. Children and adolescents 
with diabetes mellitus should be treated with dietary 
modification and insulin or metformin, depending on 
the type of diabetes.

BaCkgrounD

Atherosclerotic cardiovascular disease (CVD) is 
the leading cause of death in industrialized societ-
ies. Although children and adolescents uncommonly 
manifest CVD, many risk factors and relevant behav-
iors develop during childhood and adolescence. These 
include dyslipidemia, obesity, elevated blood pres-
sure, cigarette smoking, and glucose intolerance (1,2). 

Pediatric prevention of atherosclerotic disease must 
focus, then, on both (1) prevention of risk factor devel-
opment (primordial prevention), as well as (2) preven-
tion of future CVD by effective management of those 
risk factors already identified (primary prevention).

The most recent and comprehensive guidelines 
for CVD prevention in pediatric practice are found 
in the report by the National Heart, Lung, and Blood 
Institute, Expert Panel on Integrated Guidelines for 
Cardiovascular Health and Risk Reduction in Children 
and Adolescents (full report published in 11/2012, sum-
mary report in the December 2011 issue of the Pediat-
rics) (1,2). Here, we summarize those guidelines with 
a special emphasis on screening for and prevention of 
dyslipidemia, obesity, hypertension, cigarette smok-
ing, and diabetes mellitus in pediatric populations.

Prospective pathologic studies, starting in 
youth, have clearly demonstrated that the extent 
of atherosclerotic lesions over the second through 
fourth decades of life is related to baseline CVD risk 
factors, and in a dose-dependent fashion (3,4). More 
recently, a significant link has been demonstrated 
between childhood CVD risk factors starting at  
9 years of age and the development of more extensive 
lesions of carotid intima-medial thickness (IMT) in 
young adults from three large, diverse populations 
(5). Another noninvasive assessment of coronary ath-
erosclerosis, coronary artery calcium, is significantly 
associated with higher LDL and blood pressure levels 
at 13 years of age (6).

†Deceased.
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However, systematic evaluation of prevention 
strategies in pediatrics utilizing clinical end points is 
challenging given that the end points of interest develop 
decades later. For example, some have expressed con-
cern that there are no placebo-controlled clinical tri-
als of statins in adolescents with CVD risk factors that 
demonstrate that the intervention arm significantly 
decreased CVD events in adolescents compared with 
the placebo arm. There are however other strategies 
that can be used to inform prevention strategies.

One approach to decrease the sample size 
required and the time needed for follow-up is to select 
a higher risk baseline group for randomization. Exten-
sively studied genetic models of dyslipidemia such 
as heterozygous familial hypercholesterolemia (FH) 
also provide a potential study population to show 
that 50% reduction of LDL-C starting in adolescence 
may decrease CVD events in young adulthood. Het-
erozygous familial hypercholesterolemia is the most 
common (1/300–1/500) Mendelian trait in humans 
causing premature CVD. Individuals with FH usually 
develop CVD in their 30s, 40s, and 50s unless treated. 
By one year of age the average total and LDL-C levels 
of a child are 300 and 240 mg/dL, respectively (1,2). 
Studies in these populations can and do help inform 
prevention strategies in pediatric populations.

risk FaCtors in ChilDren

Atherosclerosis is a progressive process that can be 
quantified and trended using a variety of pathological, 
imaging, and biochemical means. The strongest and 
most quantifiable pediatric and adolescent risk factors 
for CVD include:

 n Dyslipidemia
 n Obesity in males
 n Hypertension
 n Tobacco use
 n Diabetes mellitus

These risk factors are discussed individually later in 
the chapter. Of note, although obesity in females is 
not itself a strong risk factor for CVD, it does confer 
risk for the development of hypertension and diabetes, 
which are well-documented risk factors for CVD.

Less easily quantifiable risk factors bear dis-
cussion as well. Family history of premature CVD, 
defined as the presence of disease before age 55 years 
in a male parent or sibling or before age 65 years 
in a female parent or sibling, is significantly corre-
lated with autopsy findings and vascular function 
abnormalities in children and adolescents (7). The 
NHLBI expert panel does recommend clinicians take 

a detailed family history of CVD at initial encounters 
with pediatric patients as well as at 3 years, 9 to 11 
years, and 18 years. When a positive family history 
is identified, clinicians are recommended to evaluate 
patients for other CVD risk factors including dys-
lipidemia, hypertension, diabetes, obesity, history of 
smoking, and sedentary lifestyle (1,2).

In regard to nutritional risk factors, long-term 
follow-up studies consistently demonstrate that infants 
who were breastfed have sustained cardiovascular health 
benefits, including reduced prevalence of diabetes, 
lower measures of subclinical CVD, and lower BMI in 
adulthood (8–10). Reduced intake of sugar-sweetened 
beverages is associated with decreased obesity mea-
sures, and dietary fiber intake is inversely associated 
with energy density and with increased levels of body 
fat and is positively associated with nutrient density (1).

Physical activity is related to CVD risk factors 
in children and adolescents, and increases in moderate 
-to-vigorous physical activity are associated with:

 n Lower systolic and diastolic blood pressures
 n Decreased measures of body fat
 n Decreased BMI
 n Improved fitness measurements
 n Lower total cholesterol
 n Lower LDL-C
 n Lower triglycerides
 n Higher HDL-C
 n Decreased insulin resistance

Although there is strong evidence that physical 
activity should be promoted in schools and well-child 
visits, there is less specific information on the type 
and amount of physical exercise required for optimal 
cardiovascular health. The NHLBI expert panel rec-
ommends at least one hour of moderate-to-vigorous 
physical activity every day of the week, with vigorous, 
intense physical activity on at least three of these days.

Cigarette use among high school students 
declined from 1997 to 2003 but rates have been stable 
through 2007, and reducing tobacco exposure remains 
an important objective for pediatric providers (11). 
The NHLBI expert panel recommends that, during all 
nonurgent encounters for individuals ages 11 to 21, 
clinicians obtain personal smoking histories, explic-
itly recommend against smoking, and provide specific 
smoking cessation guidance (1).

routine Monitoring

Preventive screening practices in pediatric populations 
is a controversial topic in large part due to limited data 
from randomized controlled trials. That the evaluation 
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increase in non-HDL-C equivalent to two years of 
vascular aging (5,12).

Multiple prospective screening cohort studies 
have demonstrated significant tracking of elevated 
lipid levels from childhood to adulthood. Further-
more, significant evidence suggests that using family 
history of premature CVD or of cholesterol disorders 
as the primary factor in determining lipid screening 
for children misses approximately 30% to 60% of 
children with dyslipidemias. Therefore, the expert 
panel recommends universal lipid assessment once 
for children and adolescents between the age of 9 and 
11 years and repeated universal screening between the 
age of 17 and 21 years. Further screening is recom-
mended for patients with a first-degree relative with 
cardiovascular disease prior to the age of 55 years in 
men and 65 years in women, a parent with total cho-
lesterol ≥240 mg/dL or known dyslipidemia, or per-
sonal history of certain medical conditions (diabetes, 
hypertension, BMI ≥ 85th percentile, smoking) (1).

Serum lipid levels in children are character-
ized into acceptable, borderline high, and high ranges 
(HDL, however, may be acceptable, borderline low, or 
low) (Table 19.2).

of a particular screening practice’s impact on hard 
cardiovascular end points would require a large 
population followed for decades renders such evalu-
ation impractical, a challenge noted by the guideline 
committee. As such, the screening recommendations 
(Table 19.1) were in large part determined by both 
feasibility and availability of effective therapy. These 
are in addition to routine counselling regarding age-
appropriate diet, exercise, and avoidance of exposure 
to smoking described above.

liPiDs anD liPoProteins

Early atherosclerotic lesions in children are signifi-
cantly related to dyslipidemia, particularly:

 n Elevations in total cholesterol (TC)
 n Elevations in LDL-C
 n Elevations in non-HDL-C
 n Lower levels of HDL-C

Of these, non-HDL-C has been shown to be the major 
correlate of coronary atherosclerosis in adolescents and 
young adults 15 to 34 years of age, with a 30-mg/dL  

Table 19.1 Preventive screening Practice recommendations

Parameter Recommendation Timing/Frequency

Bmi Calculate Bmi in all children measure beginning at 2 years old annually

Cholesterol obtain fasting or nonfasting lipid profile in all 
children

measure one time between 9 and 11 years 
old as well as 17 and 21 years old

Blood Pressure measure in all children measure beginning at 3 years old annually

diabetes measure fasting glucose in overweight  children 
with at least two additional risk factors

once between 9–11 years old and once 
between 12–17 years old

Source: adapted from ref. (1). Expert Panel on Integrated Guidelines for Cardiovascular Health and Risk Reduction in Children 
and Adolescents, national Heart, lung, and Blood institute, niH Publication no. 12-7486, october 2012., nHlBi guidelines (1).

Table 19.2  serum lipid levels in Children

Category acceptable borderline abnormal

total Cholesterol <170 mg/dl      170–199 mg/dl ≥200 mg/dl

ldl-C <110 mg/dl      110–129 mg/dl ≥130 mg/dl

non-Hdl-C <120 mg/dl      120–144 mg/dl ≥145 mg/dl

triglycerides (0–9 years old) <75 mg/dl      75–99 mg/dl ≥100 mg/dl

triglycerides (10–19 years old) <90 mg/dl      90–129 mg/dl ≥130 mg/dl

Hdl-C <45 mg/dl      40–45 mg/dl    <40 mg/dl

Source: adapted from ref. (1). Expert Panel on Integrated Guidelines for Cardiovascular Health and Risk Reduction in Children 
and Adolescents, national Heart, lung, and Blood institute, niH Publication no. 12-7486, october 2012., nHlBi guidelines (1).
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The American Academy of Pediatrics (AAP) 
recommends that pharmacotherapy be considered for 
children 10 years of age and older who meet criteria 
for dyslipidemia (1,2). The following special popula-
tions should also be considered strong candidates for 
drug therapy:

 n Children with familial hypercholesterolemia ages 
eight years and older

 n Children younger than eight years with extreme 
elevation of LDL-C, above 500 mg/dL

 n Children with diabetes and LDL-C ≥130 mg/dL

Once dyslipidemia is detected in a patient, the 
child should be referred to a dietician for family medi-
cal nutrition therapy, with a focus on minimizing calo-
ries from fat, decreasing sugar intake, and increasing 
dietary fish intake (1). Both LDL-C and TG guided 
treatment strategies may be considered. If LDL-C>250 
mg/dL or TG>500 mg/dL, immediate referral to a 
lipid specialist is recommended. If LDL-C is between 
130 mg/dL and 250 mg/dL, an LDL-C guided strategy 
is recommended (see Figure 19.1). If TG is between 
130 mg/dL and 500 mg/dL in children between 10 and 
19 years of age (100 mg/dL and 500 mg/dL in chil-
dren younger than 10 years of age), then a TG guided 
 strategy is recommended.

Figure 19.1 shows the NHLBI’s suggested 
algorithmic approach to pediatric patients with 
elevated LDL-C or triglycerides on their screening 
lipid panels (1).

Medical therapy should begin with a statin. 
Atorvastatin, rosuvatatin, lovastatin, fluvastatin, 
and simvastatin have been approved for use in ado-
lescent boys and postmenarchals girls older than 
10 years with familial hyperlipidemia and LDL-C 
≥ 190 mg/dL or 160 mg/dL with FH of premature 
CVD and at least two other CVD risk factors. Of 
note, pravastatin has been approved for children 
greater than 8 years of age. Clinicians should start 
with the lowest dose of the selected statin with 
incremental titrations (Table 19.3).

The most common side effects of statins 
in adults, elevation in liver enzymes and myopa-
thy, do not appear to be as common in children. A 
recent systematic review and meta-analysis of statin 
therapy in children with FH found no statistically 
significant differences between statin-treated and 
placebo-treated children for adverse events related 
to sexual development, muscle toxicity, or liver tox-
icity (13).

If goals are not met after the initiation of a statin 
and a single dose increase, clinicians should consider 
referral to a lipid specialist for the addition of a sec-
ond agent. Other approved agents approved in similar 
pediatric populations include colesevalam.

If the TG directed algorithm is utilized, man-
agement focuses on lifestyle modifications initially. 
If TG levels do not achieve goal with this interven-
tion, initiation of therapy may be considered in 
consultation with a lipid specialist. Possible agents 
include fish oil supplementation, fibrate, niacin, 
and statin.

overweight anD oBesity

There have been dramatic increases in the prevalence 
of childhood obesity since the 1980s, with significant 
implications for cardiovascular health. Because obe-
sity is strongly associated with elevated blood pres-
sure, dyslipidemia, and insulin resistance, obesity is 
thought to be particularly powerfully correlated with 
atherosclerosis.

Juonala and colleagues (11) pooled data from 
four large studies of CVD risk factors (the Boga-
lusa Heart Study, the Muscatine Study, the Child-
hood Determinants of Adult Health Study, and the 
CV Risk in Young Finns Study) in order to examine 
the effects of youth adiposity on adult CVD. Adi-
posity groups were parsed into the following cat-
egories: (I) those with a normal BMI in childhood 
and who were nonobese as adults; (II) those who 
were obese in childhood but nonobese as adults; 
(III) those who were overweight or obese in both 
childhood and adulthood; and (IV) those with a 
normal BMI in childhood but obese as adults. For 
each of the outcomes examined (type 2 diabetes, 
hypertension, high LDL-C, low HDL-C, elevated 
triglycerides, and high-risk carotid IMT) there was 
no significant difference between groups I and II, 
indicating that if an obese child became a nonobese 
adult, they would not have increased CVD risk out-
comes. In distinct contrast, both Groups III and IV 
had highly significant relative risk for these out-
comes, indicating that if a nonobese child becomes 
obese he or she will be in a high risk category as 
an adult.

Overweight and obesity are defined according 
to body mass index percentiles by age (Table 19.4).

Amsterdam_87864_PTR_19_184-194_9-26-14.indd   187 26/09/14   2:16 PM



188 asPC manual of Preventive Cardiology

FiguRe 19.1 nHlBi algorithm for pediatric patients with elevated ldl-C or triglycerides.

Note: Values given are in mg/dL. To convert to SI units, divide results for total cholesterol (TC),
low-density lipoprotein cholesterol (LDL-C), high-density lipoprotein cholesterol (HDL-C), and
non-HDL-C by 38.6; for triglycerides (TG), divide by 88.6.

Fasting lipid profile (FLP) × 2*, average results

LDL-C ≥ 130, < 250 mg/dL**

TG ≥ 100, < 500 mg/dL, < 10 y

FLP

Follow with FLPs, related chemistries 

* Obtain FLPs at least 2 weeks but no more than 3 months apart.
** Use of drug therapy is limited to children ≥ 10 y with defined risk profiles.

*** In a child LDL-C > 190 mg/dL and other RFs, trial of CHILD 2-LDL may be abbreviated.

→ Continue CHILD 2-LDL,
Follow q. 6 m with FLP,

FHx/RF update

→ LDL-C still ≥ 130 mg/dL, TG < 200 mg/dL, refer to lipid specialist for addition of
second lipid-lowering agent;

→  In high LDL-C patients, if non-HDL-C ≥ 145 mg/dL after effective LDL-C treatment,
→ Target TG

→ Initiate statin therapy → Initiate statin therapy

LDL-C ≥ 130 to 189 mg/dL
Family history (FHx) (−)

No other RFs

LDL-C ≥ 160 to 189 mg/dL
FHx(+) or

1 high-level RF or
≥ 2 moderate-level RFs

LDL-C ≥ 130 to 159 mg/dL
+ 2 high-level RFs or

1 high-level + ≥ 2 moderate-
level RFs OR clinical CVD

→ Initiate statin therapy

LDL-C ≥ 190mg/dL

≥ 130, < 500 mg/dL, 10−19 y

→ Target LDL-C

Target TG

TG ≥ 500 mg/dL,
→ Consult lipid

specialist

LDL-C < 130 mg/dL
→ Continue CHILD 2-LDL

→ Repeat FLP q. 12 months

LDL-C ≥ 250 mg/dL
→ Consult lipid

specialist

Exclude secondary causes
Evaluate for other risk factors (RFs)
Start Cardiovascular Health Integrated Lifestyle Diet (CHILD 1) →
Child 2-LDL + lifestyle change × 6 months***
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FiguRe 19.1 (continued)

Note: Values given are in mg/dL. To convert to SI units, divide results for total cholesterol (TC),
low-density lipoprotein cholesterol (LDL-C), high-density lipoprotein cholesterol (HDL-C), and
non-HDL-C by 38.6; for triglycerides (TG), divide by 88.6.

Fasting lipid profile (FLP) × 2*, average results

TG ≥ 100, < 200 mg/dL, < 10 y,
      ≥ 130, < 200 mg/dL, 10−19 y

TG ≥ 200−499 mg/dL

TG ≥ 500 mg/dL,
→ Consult lipid

specialist

LDL-C ≥ 250 mg/dL
→ Consult lipid

specialist

LDL-C ≥ 130, < 250 mg/dL**

TG ≥ 100, < 500 mg/dL, < 10 y

≥ 130, < 500 mg/dL, 10−19 y

→ Target LDL-C

→ Target TG

FLP

*  Obtain FLPs at least 2 weeks but no more than 3 months apart.
**  Use of drug therapy is limited to children ≥ 10 y with defined risk profiles.

***  The Food and Drug Administration (FDA) and the Environmental Protection Agency are advising women of
      childbearing age who may become pregnant, pregnant women, nursing mothers, and young children to avoid
      some types of fish and shellfish and eat fish and shellfish that are lower in mercury. For more information, call
      the FDA’s food information line toll free at 1-888-SAFEFOOD or visit http://www.fda.gov/food/
      foodborneillnesscontaminants/metals/ucm115644.htm

TARGET TG → Cardiovascular Health Integrated Lifestyle
Diet (CHILD 1) → CHILD 2-TG diet + lifestyle
modification with weight loss goal as needed × 6 months

TG < 100 mg/dL, < 10 y,
      < 130 mg/dL, 10−19 y

→    Continue CHILD 2-
TG + lifestyle change

→    Reassess q.12 m

→    Repeat FLP in 6 m

→    Increase dietary fish
       content***

→    Intensify CHILD 2−TG+
       weight loss

→    If LDL-C target achieved
       and non-HDL ≥ 145 mg/dL

  •    Lipid specialist for drug
       therapy (statin+/−fibrate+/
       −nicotinic acid)

  •    Consider omega−3 fish
       oil therapy
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manifest in adulthood. In 2004, the NHLBI Task 
Force published The Fourth Report on Diagnosis, 
Evaluation, and Treatment of High Blood Pressure 
in Children and Adolescents to provide guidelines 
for pediatric providers (13). The NHLBI then per-
formed a review of the evidence published between 
2003 and 2007 and integrated this with the previous 
Fourth Report in their 2013 Expert Panel (1).

Routine measurement of blood pressure is not 
recommended for children from birth to two years. 
For children and young adults ages 3 to 21 years, rou-
tine measurements of blood pressure during all health 
care visits via auscultation is recommended. Clini-
cians should familiarize themselves with, or have 
easy access to, blood pressure percentiles from the 
Fourth Report based on age, gender, and height per-
centiles. These are used to categorize blood pressures 
into prehypertension, stage 1, or stage 2 hypertension 
(Table 19.7).

For individuals over the age of 18, the adult defi-
nitions hold, indicating prehypertension as blood pres-
sure ≥ 120/80 to 139/89 mmHg, stage 1 hypertension 
as blood pressure ≥ 140/90 to 159/99 mmHg, and stage 
2 hypertension as blood pressure ≥160/100 mmHg.

For children of all ages, management of elevated 
blood pressure follows a similar scheme (Table 19.8).

Table 19.4 overweight and obese definitions

Overweight Obese

definition Bmi ≥ 85th percentile 
and < 95th percentile

Bmi ≥ 95th 
percentile

Source: adapted from nHlBi guidelines (1).

Table 19.3 statin recommendations

initial medication and dose 
selection

select statin based on medication interaction, patient preferences, and provider 
familiarity. start at lowest dose.

Baseline evaluation Check ast, alt, and CK prior to therapy

Clinical monitoring for 
adverse effects

muscle cramps, weakness, asthenia, and other myopathy symptoms

medication titration recheck fasting lipid panel at 4 weeks, consider increase by one dose  increment 
if goal not achieved and repeat flP in 4 weeks. if goal still not achieved,  consider 
referral to lipid specialist.

Biochemical monitoring for 
adverse effects

recheck flP, ast/alt at 4 weeks, 8 weeks, 3 months, 6 months, 9 months, 
one year; every six months after first year. restart this algorithm with any dose 
 titration or therapy change. Worrisome change is ≥ to 3× upper limit of normal. 
recheck CK if symptoms of myopathy.

Pregnancy Counsel adolescent females regarding contraception and risks of statin therapy.

For both categories, initial interventions 
should focus on the recommendations from the 
Cardiovascular Health Integrated Lifestyle Diet 
(CHILD 1), summarized according to age range 
(Table 19.5) (1).

Interventions that increase physical activity 
and decrease sedentary time in children and adoles-
cents, when accompanied by dietary counseling, have 
been shown to be more effective at lowering BMI in 
overweight and obese children than dietary counsel-
ing alone.

Recommendations for increasing physical activ-
ity and decreasing sedentary time are based on age 
(Table 19.6).

Other strategies may be considered as well 
although they are not included in guidelines. Orlistat, 
when combined with a comprehensive weight-loss 
program, has been shown to improve weight loss and 
BMI but has a high rate of gastrointestinal side effects 
and is not included in guidelines for the management 
of overweight and obesity. For adolescents with BMI 
far above 35 kg/m2, bariatric surgery on a research 
protocol in conjunction with a comprehensive life-
style weight-loss program improved weight, BMI, 
and other outcomes (insulin resistance, glucose toler-
ance, and CV measures) in a small case series, but is 
also not included on guidelines for the management of 
overweight and obesity (1).

BlooD Pressure

Hypertension is a well-recognized risk factor for cor-
onary heart disease, cerebrovascular disease, renal 
disease, and other chronic health problems that often 
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Table 19.6 recommendations for increasing Physical activity

age Range Recommendations

Birth–12 months • Encourage an environment promoting and modeling physical activity.
• Discourage TV viewing altogether.

1–4 years • For children <2 years, discourage TV viewing altogether.
• For children ≥2 years, limit total media time to no more than 1–2 hours of quality 
programming daily.
• Discourage the presence of a TV in the child’s bedroom.
• Encourage family activity at least once weekly.

5–10 years • Prescribe moderate to vigorous physical activity 1 hour daily.
• Prescribe vigorous activity 3 days weekly.
• Limit total media time to no more than 1–2 hours of quality programming daily.
• Discourage the presence of a TV in the child’s bedroom.
• Support recommendations for daily physical activity in schools.
• Encourage family activity at least once weekly.

11–17 years • Prescribe moderate to vigorous physical activity 1 hour daily.
• Prescribe vigorous activity 3 days weekly.
• Limit total media time to no more than 1–2 hours of quality programming daily.
• Encourage involvement in year-round or lifelong physical activities.
• Encourage family activity at least once weekly.

18–21 years • Prescribe moderate to vigorous physical activity 1 hour daily.
• Prescribe vigorous activity 3 days weekly.
• Recommend that combined leisure screen time not exceed 2 hours daily.
• Encourage involvement in year-round or lifelong physical activities.

Table 19.5 recommendations from the Cardiovascular Health integrated  lifestyle diet (Child 1)

  age Range Dietary Recommendations

Birth–6 months • Exclusive breastfeeding.

6–12 months • Continue breastfeeding until at least 12 months.
• Do not restrict fat intake.
• Limit other drinks to 100% fruit juice < 4 oz. daily.

12–24 months • Transition to reduced-fat unflavored cow’s milk (2% to fat-free).
• Transition to table food with

°° Total fat 30% of daily kcal

°° Saturated fat 8%–10% of daily kcal

°° Monounsaturated and polyunsaturated fat up to 20% daily kcal

°° as little trans fat as possible

°° Cholesterol < 300 mg daily.

2–10 years • Primary beverage: fat-free unflavored milk.
• Limit or avoid sugar-sweetened beverages; encourage water.
• Fat content:

°° Total fat 25%–30% of daily kcal

°° Saturated fat 8%–10% of daily kcal

°° Monounsaturated and polyunsaturated fat up to 20% of daily kcal

°° as little trans fat as possible

°° Cholesterol < 300 mg daily.

11–21 years • Identical to above; additionally, encourage high dietary fiber intake from foods 
(fruits, vegetables, whole grains).
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Table 19.8 Pediatric Blood Pressure management

Prehypertension Stage 1 Hypertension Stage 2 Hypertension

Workup assess for other Cv risk 
factors (obesity, tobacco 
use, diabetes, family history, 
dyslipidemia)

assess for other Cv risk factors; 
complete medical, family, and 
sleep history; physical exam; CBC, 
renal panel, lipid panel, serum 
glucose, urinalysis, and both renal 
and cardiac ultrasounds.

initial work-up  identical to 
that for stage 1 hyperten-
sion, and/or referral to pedi-
atric hypertension specialist

treatment Counseling centered on 
CHild 1 guidelines for 
nutrition and physical 
activity

CHild 1 counseling;  initiate 
antihypertensive agent if 
 secondary cause of hypertension 
is evident or if lvH is detected on 
echocardiography.

CHild 1 counseling; initiate 
antihypertensive agent

monitoring every 6 months every 3–6 months until control is 
achieved.

every 1–2 weeks until 
control is achieved

For all categories, goal blood pressure is <95th 
percentile for age/sex/height, or <90th percentile if 
chronic kidney disease, diabetes, or target organ dam-
age is present.

There are no guidelines to suggest which 
antihypertensive agent to begin after a diagnosis 
of hypertension is made. Angiotensin-converting 
enzyme inhibitors (ACE-inhibitors), angiotensin-
receptor blockers (ARBs), alpha and beta agonists, 
calcium channel blockers, diuretics, and vasodila-
tors have all been shown to be safe if used in short 
durations, but long term efficacy and safety data are 
unavailable (1).

DiaBetes Mellitus

Diabetes is a well-recognized risk factor for cardio-
vascular disease. With increasing rates of obesity in 
children and adolescents, both type 1 and type 2 dia-
betes mellitus are now both contributors to long-term 
cardiovascular disease in pediatric populations.

Although there are no specific recommenda-
tions for screening for type 1 diabetes mellitus, the 
guidelines endorse the recommendations of the Amer-
ican Diabetes Association (ADA) related to type 2 dia-
betes mellitus (15). The ADA guidelines recommend 
screening using fasting blood glucose of overweight 
children and adolescents with two of the following 
three risk factors:

 n Family history of type 2 diabetes mellitus in a first- 
or second-degree relative

 n High-risk race/ethnicity (Native American, African 
American, Latino, Asian American, Pacific Islander)

 n Signs of or conditions associated with insulin 
resistance

With regard to therapy, insulin regimens con-
sisting of a total of three to four daily doses of sub-
cutaneous basal and prandial insulin is appropriate 
for most patients with type 1 diabetes mellitus (15). 
The ADA does not include specific recommenda-
tions for pediatric type 2 diabetes mellitus, however, 
the American Academy of Pediatrics recommends 

Table 19.7 Percentile definitions of Hypertension

Prehypertension Stage 1 Hypertension Stage 2 Hypertension

definition Blood pressure ≥ 90th 
percentile or 120/80 
mmHg to <95th 
percentile.

Blood pressure ≥ 95th 
percentile to <99th 
 percentile + 5 mmHg.

Blood pressure ≥ 99th 
percentile + 5 mmHg.

temporality of diagnosis repeat in 6 months to 
confirm diagnosis.

repeat in 1–2 weeks to 
confirm diagnosis.

repeat in the office; no 
further  measurements are 
needed prior to  treatment 
initiation.

Source: adapted from nHlBi guidelines (1).
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lifestyle modification and metformin as first-line ther-
apy. Insulin is recommended in lieu of metformin in 
patients with a history of diabetic ketoacidosis, have 
blood glucose levels greater than 250 mg/dL, HbA1c 
greater than 9%, or in whom the type of diabetes mel-
litus is unclear (16).

The guidelines additionally acknowledge 
limited data on the use of specific interventions 
directed to intermediate processes related to car-
diovascular disease. These include studies in type 
1 diabetes with the use of melatonin to prevent the 
development of hypertension as well as B6 and 
folate to improve signs of endothelial dysfunc-
tion. However, they note that given the limited data 
available and lack of replicated findings, there were 
inadequate data to recommend specific interven-
tions to reduce cardiovascular disease risk in dia-
betic patients (1).

As such, the panel modified previous recom-
mendations of the American Heart Association which 
are based on a two-tier risk stratification in which the 
higher risk group is associated with increased risk of 
clinical coronary disease prior to the age of 30 and the 
moderate risk group is associated with increased risk 
of subclinical accelerated atherosclerosis. The  prin-
cipal modification made in these guidelines was the 
inclusion of pediatric patients with diabetes in the 
high-risk category (1).

As such, children and adolescents with diabetes 
mellitus are recommended to achieve the following 
treatment goals (1):

 n BMI ≤ 85th percentile for age/sex
 n BP ≤ 90th percentile for age/sex/height
 n LDL-C ≤ 100 mg/dL, TG < 90 mg/dL, non-HDL-C 

< 120 mg/dL
 n HbA1c < 7%, FG < 100 mg/dL

The initial approach for a pediatric patient 
who does not meet these targets centers on intensive 
lifestyle modifications including the Cardiovascular 
Health Integrated Lifestyle Diet as well as activity 
and weight-loss recommendations. If these goals are 
not met within 6 months, condition-specific treatment 
is recommended based on individualized risk/benefit 
assessment including (1):

 n Consultation with an endocrinologist
 n Consideration of statin therapy if age ≥ 10 years 

with goals as above
 n Consideration of ACEI with goal BP less than 90th 

percentile for sex/age/height or less than 120/80 
(whichever is lower)

suMMary

Cardiovascular disease is a significant worldwide 
cause of morbidity and mortality. It is well recog-
nized that many factors that contribute to the devel-
opment of cardiovascular disease begin in childhood, 
both pathogenic processes and contributing behav-
iors. An important limitation in the development and 
evaluation of a prevention strategy in pediatric popu-
lations is the impractically long follow-up that would 
be required to define effect on hard outcomes such as 
myocardial infarction or stroke. As such, many rec-
ommendations are based on evidence from special 
populations such as familial dyslipidemia and impact 
on intermediary outcomes such as medication effect 
on blood pressure control. That being said, important 
components of prevention of cardiovascular disease 
in pediatric patients include regular assessment of 
risk factors, instilling appropriate dietary and exer-
cise practices at an early age, initiating lifestyle mod-
ification as soon as risk factors are identified, and use 
of screening practices to monitor for development 
conditions such as hypertension or dyslipidemia.
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Despite significant advances in medical therapy, cardio-
vascular disease (CVD) remains the leading cause of 
death in the United States and in most developed coun-
tries. Although genetics certainly plays a role in decid-
ing who will suffer with CVD and its associated adverse 
outcomes, the importance of potentially modifiable risk 
factors cannot be understated. The landmark INTER-
HEART study revealed that approximately 90% of the 
population attributable risk for incident acute myocar-
dial infarction (AMI) is attributable to nine easily mea-
sured (and potentially reversible) risk factors: smoking, 
lipids, hypertension, diabetes, obesity, diet, physical 
activity, alcohol consumption, and psychosocial factors 
(1). This chapter focuses on our present guidelines for 
the prevention of cardiovascular disease in individu-
als without a previously known history of CVD and 
addresses risk factors such as these. The targeted frame-
work of risk factors addressed here is based on the com-
ponents of ideal cardiovascular health detailed by the 
American Heart Association in 2010 (2).

Diet anD SuPPlementS in the 
Prevention of CarDiovaSCular 
DiSeaSe

multivitamins, antioxidants,  
and B vitamins

Currently, there is insufficient evidence to support the 
use of multivitamins, antioxidants, or B-vitamins in the 

prevention of CVD. Despite being the most commonly 
used dietary supplements in the United States, there are 
conflicting data regarding the use of multivitamin sup-
plementation for cardiovascular risk reduction. Some 
observational studies demonstrated risk reduction with 
multivitamin supplementation, whereas others showed 
no benefit or even trend toward harmful effects (3,4).

vitamin D

It remains unclear whether low vitamin D levels are 
pathogenic or a marker of lifestyle factors (nutrition, 
activity, etc.) that may otherwise adversely affect car-
diovascular risk. In the Framingham Offspring Study, 
subjects with low vitamin D levels had an associated 
hazard ratio of 1.62 (P = .01) for CVD events (5). A 
meta-analysis, however, did not demonstrate benefit 
with vitamin D supplementation in such patients (6). 
Future recommendations may be influenced by the 
ongoing VITAL (Vitamin D and Omega-3) trial, a 
large randomized, double-blind, placebo-controlled 
trial of cholecalciferol, 2000 IU/day, and marine 
omega-3 fatty acid supplements in the primary pre-
vention of cancer and CVD (7).

Dietary approaches to CvD Prevention

The American Heart Association (AHA) recom-
mends maintenance of body mass index between  
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components of metabolic syndrome, including waist 
circumference, low HDL-C, high triglyceride lev-
els, high blood pressure, and elevated blood glucose 
(12). Greater improvements in lipid and inflamma-
tory markers were also seen in the Mediterranean diet 
when compared to a low-fat diet (per AHA recom-
mendations) (13). A role for the Mediterranean diet in 
primary prevention of CV disease was demonstrated 
in the more recent PREDIMED clinical trial of 7,447 
patients. Patients were assigned to a Mediterranean 
diet supplemented with extra-virgin olive oil, a Medi-
terranean diet supplemented with mixed nuts, or a 
control diet (advised to reduce dietary fat). The Medi-
terranean diet groups showed significant reductions 
in risk of AMI, stroke, or death from cardiovascular 
causes (primary endpoint) as well as a nonsignifi-
cant trend toward reduction in all-cause mortality 
with hazard ratios for the primary endpoint of 0.70 
(P = .009) for the group assigned to a Mediterranean 
diet with extra-virgin olive oil and 0.72 (P = .02) for 
the group assigned to a Mediterranean diet with nuts 
versus the control group (14). The U.S Department of 
Health and Human Services and the U.S. Department 
of Agriculture Dietary Guidelines for Americans 2010 
have recommended a Mediterranean style diet (15). 
Table 20.1 displays the 2006 Diet and Lifestyle rec-
ommendations by the AHA.

Popular/fad Diets

The most significant limitation in popular diets, which 
often promote low carbohydrate and/or high protein 
meal plans, is long-term dietary adherence. Com-
monly cited reasons include difficulty maintaining 
the required macronutrient restrictions and insuffi-
cient overall weight loss. Although such diets (Weight 
Watchers, Atkins Diet, Zone Diet, and Ornish Diet) 
have been shown to confer modest improvement in 
body weight, waist circumference, blood pressure, 
lipids, and blood glucose, in a randomized controlled 
trial of 160 patients where each patient was random-
ized into one of the 4 dietary patterns, overall adher-
ence to each diet was low. The highest discontinuation 
rates were seen with the Ornish and Atkins diets. The 
AHA and the U.S. Department of Health have not rec-
ommended the use of such diets (16).

toBaCCo CeSSation to reDuCe  
CvD riSk

Cigarette smoking remains the leading prevent-
able cause of death in the United States. Although 

18.5 and 24.9 kg/m2 through balance of caloric intake 
and expenditure. Particular attention is given to meals 
eaten outside the home due to relatively large portions 
and calorie counts (8). 

There is little consensus regarding optimal 
dietary composition of macronutrients, whether car-
bohydrate, protein, or unsaturated fat. The Optimal 
Macronutrient Intake Trial to Prevent Heart Disease 
(OmniHeart) demonstrated that 3 separate diets—a 
carbohydrate-rich diet similar to the DASH (Dietary 
Approaches to Stop Hypertension) diet, a diet rich in 
protein (almost half from plant sources), and a diet 
rich in unsaturated, mostly monounsaturated fat—all 
improved blood pressure and lipid profiles. A diet low 
in saturated fat is generally well accepted as a means 
to reduce CVD risk (9). In individuals with elevated 
LDL-C, the 2013 AHA/ACC Lifestyle Management 
Guidelines recommend a dietary pattern that achieves 
5% to 6% of calories from saturated fat.  Dietary plans 
that can achieve this are the DASH, USDA Food Pat-
tern, or the AHA Diet (69).

effect of Diet on hypertension

The DASH diet outlines recommendations for patients 
with hypertension or prehypertension, with emphasis 
on fresh fruits, vegetables, and low-fat dairy. Recom-
mendations include 4 to 5 servings each of fruits and 
vegetables per day, 2 to 3 servings of low-fat dairy per 
day, and < 25% of total caloric intake from fat. This 
diet can lead to modest reductions in blood pressure, 
generally the equivalent of one medical antihyperten-
sive agent in as little as two weeks (10).

Reduced sodium intake is recommended by the 
AHA in nonhypertensive and hypertensive individuals as 
it can prevent hypertension and facilitate blood pressure 
control, respectively. In view of the available high-sodium 
food supply and the currently high levels of sodium con-
sumption, an achievable daily sodium intake goal of no 
more than 2.4 grams/day is recommended.  Ideally, even 
further reduction in blood pressure can be achieved with 
a 1.5 gram/day dietary limit of sodium. (69).

Other dietary measures shown to have benefi-
cial effect on blood pressure control include modera-
tion of alcohol intake, vegetarian diet, and potassium 
supplementation (11).

mediterranean Diet

In a meta-analysis of 50 clinical trials including nearly 
535,000 subjects, the Mediterranean diet demonstrated 
a protective role by ameliorating  risk-associated 
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Table 20.1 2006 American Heart Association recommendations for a Healthy diet

Dietary Modification aHa Recommendation Comments

fruits and vegetables (rich in 
nutrients, low in calories, and 
high in fiber)

Choose fruits and vegetables that 
are deeply colored (e.g., spinach, 
carrots, peaches, berries).
Prepare fruits and vegetables in a way 
to preserve the natural nutrient content 
without adding unnecessary calories, 
saturated/trans-fat, sugar, or salt.

Shown to decrease BP and improve 
Cvd risk factors.

Whole grain and high fiber foods At least half of grain intake should 
come from whole grains.

modest reduction in ldl-C and 
Cvd risk, slows progression of Cvd 
in high-risk individuals. Soluble 
fiber increases short-chain fatty acid 
synthesis, thereby reducing endog-
enous cholesterol production.

fish (long-chain omega-3 PufAs: 
ecosapentaenoic acid [ePA] and 
docosahexaenoic acid [dHA])

Consume fish, especially oily fish,  
at least twice a week.

2 servings (8 oz) per week associ-
ated with decreased risk of sudden 
death and death from CHd.
note: children and pregnant 
women should avoid fish with high 
mercury content.

Saturated and trans fatty acids limit intake of saturated fat to < 7% 
of daily energy, trans-fat to < 1% of 
daily energy, and cholesterol to  
< 300 mg/day by choosing lean 
meats and vegetable alternatives 
(beans and fish), fat-free or low-fat 
dairy products. Also minimize intake 
of partially hydrogenated fats.

this decreases Cvd largely through 
effects on ldl-C cholesterol.

“Added sugar” (e.g., sucrose, 
corn syrup, and high-fructose 
corn syrup)

minimize beverages and foods with 
added sugar.

important for decreasing total 
caloric intake and weight gain.

Salt up to 2.3 g/day. Salt sensitivity is more important 
in blacks, middle-aged, elderly, 
and those with Htn, dm, or CKd. 
decrease in salt intake leads to 
an age-adjusted decline in blood 
pressures; this effect is found to be 
dose-responsive (lower is better).

Alcohol ≤2 drinks a day for men and ≤1 
drink per day for women, ideally 
with meals. “drink equivalent” = 
12-ounce bottle of beer, 4-ounce 
glass of wine, 1.5 ounce shot of 
80-proof spirits all contain the same 
amount of alcohol (one half ounce).

note that alcohol can increase 
caloric intake and has the potential 
for addiction.

Source: from ref. (11). lichtenstein AH, et al. diet and lifestyle recommendations revision 2006: a scientific statement from the 
American Heart Association nutrition Committee. Circulation 2006;114:82–96.

 contributing to a multitude of diseases, smoking 
contributes significantly to cardiovascular morbidity 
and mortality. Currently, an estimated 69.9 million 

American adults continue to use tobacco products, 
with 21.3% of men and 16.7% of women still smok-
ing according to 2010 estimates (5). The economic 
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In November 2013, the American College of 
Cardiology–American Heart Association (ACC-
AHA) Task Force released revised guidelines (28) 
for the treatment of high blood cholesterol levels. 
These new guidelines represented a significant 
departure from the previous and widely adopted 
Adult Treatment Panel III guidelines that focused 
on specific lipid targets based on a patient’s level of 
cardiovascular risk.

The new guidelines recommend screening 
adults ≥ 21 years of age and identifying four sub-
groups for which the benefit of adding statins out-
weighs any associated risks. These patients include 
those with (a) clinically evident atherosclerotic CVD; 
(b) primary LDL-C levels of ≥ 190 mg/dL; (c) type 
1 or 2 diabetes mellitus with an LDL-C of ≥ 70 mg/
dL; or (d) a 10-year risk of atherosclerotic cardiovas-
cular disease of at least 7.5% according to publicly 
available, pooled cohort equations, and an LDL-C 
level of at least 70 m/dL. In these four subgroups, 
high- intensity statin therapy (designed to reduce 
LDL-C levels by ≥ 50%) is recommended. Moder-
ate-intensity statin therapy (aiming for a reduction of 
30 to < 50% in LDL-C levels) is recommended for 
patients who cannot tolerate high-intensity treatment 
or patients with diabetes and a 10-year risk of athero-
sclerotic cardiovascular disease of less than 7.5%.

The ACC-AHA 2013 guidelines also identify 
groups of patients for whom available data do not 
support statin therapy and for whom no recommenda-
tions are made. These include (a) an age ≥ 75 years 
unless CVD is present, (b) those on hemodialysis, and 
(c) New York Heart Association class II–IV heart fail-
ure. The guidelines also noted no evidence to support 
the use of nonstatin cholesterol-lowering drugs, either 
combined with statin drugs or in statin-intolerant 
patients (29).

Therapeutic lifestyle changes should be ini-
tiated in all patients with coronary disease regard-
less of concomitant use of pharmacotherapy. These 
include dietary changes such as: saturated fat < 7% 
of daily calories or less than 200 mg/day, soluble fiber 
10 to 25  g/day, and plant sterols/stanols of at least  
2 g/day. Additionally, patients should be encouraged 
to increase physical activity and smoking cessation.

HMG-CoA reductase inhibitors (statins) vary 
in their potency and are first-line therapy for lower-
ing LDL-C. The overall reduction ranges from 18% 
to 55%. On the other hand, they have a very mod-
est HDL-C raising capacity of only 5% to 15%, and 
TG lowering of 7% to 30%. Bile acid sequestrants 
are often used by those who are intolerant to statins. 
They lower LDL-C 5% to 15%, raise HDL-C 3% to 

cost of smoking is predicted to be greater than  
$301 billion per year, with $116 billion from direct 
medical expenditures (17). Cigarette smoking is 
a well-established risk factor for cardiovascular 
disease, including coronary heart disease (CHD), 
stroke, and peripheral artery disease (18,19). Cer-
tain subgroups have been shown to be at increased 
risk: a recent meta-analysis shows female smokers 
have a 25% increased risk of developing CHD when 
compared to male smokers (20). Although precise 
mechanisms are unclear, smoking has been shown 
to promote vasomotor dysfunction, atherogenesis, 
and thrombosis (21). Secondhand smoke, or passive 
smoking, carries a 30% increased risk of developing 
coronary heart disease and increased rates of myo-
cardial infarction (22,23).

AHA primary prevention guidelines (24) 
recommend complete cessation of smoking and no 
environmental exposure. Smoking cessation is well 
studied and has been shown to decrease cardiac 
events from 7% to 47% in those without known CHD 
as well as a decreased risk of developing CVD over 
time (18,23,25). No evidence suggests that reducing 
the amount of cigarettes reduces cardiovascular risk 
(19). Guidelines recommend clinicians ask about 
tobacco use at every visit and advise every user to 
quit. This is especially important as clinicians often 
fail to address smoking cessation. Patient motivation 
to quit, however, is the most important predictor for 
cessation (26) and can improve with professional 
assistance. There are several ways clinicians can 
assist patients in quitting. Counseling on quitting 
strategies and aids, such as nicotine replacement 
therapy and medications, can significantly improve 
quit rates.

DySliPiDemia: SCreeninG  
anD treatment GuiDelineS

Lipid goals for the primary prevention of cardiovas-
cular events have evolved over the last four decades. 
Initially, total cholesterol was a targeted endpoint. 
However, subsequent randomized controlled trials 
have demonstrated a clear benefit in lowering low-
density lipoprotein cholesterol (LDL-C). Although 
elevated triglycerides (TG) have been associated with 
CVD, a causal relationship has not been established. 
On the other hand, although clinical trials with high-
density lipoprotein cholesterol (HDL-C) have been 
inversely correlated to adverse cardiovascular out-
comes, clinical trials with raising HDL-C levels as the 
endpoint have had mixed results (27).
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kidney disease and (b) individuals with diabetes or 
chronic kidney disease, regardless of age. Individuals 
> 60 years of age without diabetes or chronic kidney 
disease have a target blood pressure <150 systolic 
and <90 diastolic blood pressure (70). 

Current GuiDelineS on WeiGht 
manaGement anD Primary 
Prevention

Recent data from the Centers for Disease Control and 
Prevention reveal that close to 68% of Americans are 
either overweight or obese, and 34% are obese (36). 
Table  20.2 demonstrates the classification of body 
mass index (BMI) based on the latest classification 
system (37). Improving the obesity epidemic would 
require involvement of multiple stakeholders, includ-
ing patients, employers, governments, industries, and 
health care providers (38). There has been convincing 
evidence from well-conducted randomized controlled 
trials that 5% to 10% weight reduction in overweight 
subjects with metabolic risk is effective in decreasing 
the development of type 2 diabetes and reducing mul-
tiple other CVD risk factors (39). Studies have shown 
that a diet that is high in fruits and vegetables can 
reduce the risk of several major causes of death and 
contribute to weight management (40,41). Similarly, 
intensive lifestyle interventions focusing on diet and 
physical activity have been shown to be beneficial in 
achieving weight loss in severely obese adults (42,43) 
and to reduce all of the components of the metabolic 
syndrome simultaneously (44–46). Table  20.3 sum-
marizes current guidelines on weight management. 
According to the National Heart, Lung, and Blood 
Institute Expert Panel guidelines on obesity (47), 
weight loss drugs approved by the FDA may be used as 
part of a comprehensive weight loss program, including 
dietary therapy and physical activity for patients with a 
BMI of ≥ 30 with no concomitant obesity-related risk 

5%, and have no effect on lowering TG. Nicotinic 
acids are employed for their ability to raise HDL 
15% to 35%. They have modest impact on LDL-C 
of 5% to 25% and TG of 20% to 50%. Fibric acids 
(fibrates) lower LDL-C (5–15%), raise HDL-C (10–
20%), and lower TG (20–50%).

Targeting other non-LDL cholesterol endpoints 
such TG, total cholesterol, and HDL-C is an ongoing 
area of research; however, there has not been an estab-
lished mortality benefit as has been seen with lower-
ing LDL-C (3).

hyPertenSion: SCreeninG  
anD treatment GoalS

High blood pressure affects approximately 76.4 mil-
lion adults in the United States, comprising the num-
ber one primary diagnosis for ambulatory office visits 
and drug prescriptions. Moreover, as a major risk fac-
tor for CHD and strokes, the first and third leading 
causes of mortality in the United States, respectively, 
high blood pressure is also considered the number one 
attributable risk factor for death both nationally and 
worldwide (30–32). With evidence that 90% of nor-
motensive adults aged 55 will go on to develop high 
blood pressure, the aging of our population highlights 
the importance of primary prevention (33).

By definition, hypertension represents systolic 
or diastolic blood pressure measurements ≥ 140 or 
≥ 90 mmHg, respectively, on two separate office vis-
its or the administration of antihypertensive medica-
tions. Further classification designates severity by 
stage (1–2) with the added distinction of prehyper-
tension (systolic blood pressure 120–139 or diastolic 
blood pressure 80–89) that identifies patients who are 
twice as likely to develop hypertension as compared 
to their normotensive counterparts (34,35). Screening 
is strongly recommended for patients aged ≥ 18 by 
the U.S. Preventative Services Task Force (Grade A). 
Furthermore, the Joint National Committee on Pre-
vention, Detection, Evaluation, and Treatment of 
High Blood Pressure (JNC 7) endorses screening 
every 2 years for normotensive patients and annually 
for those classified as prehypertensive. Blood pressure 
control is defined as systolic and diastolic blood pres-
sures < 140 and < 90 mmHg, respectively, although 
goals may vary in the context of several comorbidi-
ties. The recently released JNC-8 guidelines departed 
from tighter blood pressure limits set in JNC-7 in the 
general population and in the subsets of diabetics and 
elderly (age > = 60). A general target blood pressure 
of < = 140/90 mmHg has now been applied to (a) 
those < 60 years of age without diabetes or chronic 

Table 20.2 Classification of Body Weight According to 
Bmi in Adults

Weight Category bMI (kg/m2)

underweight
normal
overweight
obese
Class i
Class ii
Class iii
Class iv
Class v

<18.5
18.5–24.9
25.0–29.9

≥30
30.0–34.9
35.0–39.9

≥40
≥50
≥60
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adults engage in 3 to 4 sessions of aerobic physical 
activity per week, averaging 30 to 40 minutes per ses-
sion, and involving moderate-to-vigorous intensity 
physical activity.  These recommendations target LDL-
C, non HDL-C, and blood pressure lowering (69).

Decreased physical activity is associated with a 
30% to 40% increased risk of developing CVD. The 
INTERHEART study, which included patients from 
52 countries, demonstrated a decreased odds ratio of 
AMI (OR 0.86) in those engaged in moderate physical 
activity. The Health Professional Follow Up Study (49) 
illustrated that increasing levels of physical activity had 
an dose-dependent relationship with reducing CHD 
risk. The AHA recommendations suggest vigorous-
intensity activity (> 60% of maximum capacity) and 
resistance training in addition to moderate- intensity 
exercises. Examples of moderate intensity exercise 
include hiking, running, swimming, as well as walk-
ing briskly, climbing stairs, and housework. Physi-
cal activity has been shown to have a positive effect 
on other cardiovascular risk factors: reducing blood 
pressure, controlling body weight, lowering the risk 
of developing diabetes, and increasing HDL-C (50). 

factors or disease, and for patients with a BMI of ≥ 27 
with concomitant obesity-related risk factors or disease 
(47). Weight loss drugs should never be used without 
concomitant lifestyle modifications (Evidence Cat-
egory B) (47). Guidelines recommend bariatric surgery 
for carefully selected patients with clinically severe 
obesity (BMI ≥ 40 or ≥ 35 with comorbid conditions) 
when less invasive methods of weight loss have failed 
and the patient is at high risk for obesity-related mor-
bidity or mortality (Evidence Category B) (37,47).

PhySiCal aCtivity in the Prevention 
of CvD

Physical inactivity has become an increasingly rec-
ognized epidemic in the United States. According 
to recent data, 32% of the adult population does not 
engage in adequate physical activity (48). Metabolic 
syndrome, diabetes, and obesity are associated with 
increased physical inactivity. The 2013 ACC/AHA 
Lifestyle Management Guidelines recommend that 

Table 20.3 American Heart Association recommendations for Weight management

Weight Management Initiate Weight-Management Program Through

• Goal: Achieve and maintain desirable weight 
(body mass index 18.5–24.9 kg/m2). if Bmi is 
≥ 25 kg/m, waist circumference at iliac crest 
level should be ≤ 40 inches in men, ≤ 35 
inches in women

• Caloric restriction and increased caloric expenditure as 
appropriate. for overweight/obese persons, reduce body 
weight by 10% in first year of therapy (evidence Category A). 
Weight loss should be about 1–2 lb/week for a period  
of 6 months (evidence Category B).
• A diet that is individually planned to help create a deficit 
of 500 to 1,000 kcal/day should be an integral part of any 
program aimed at achieving a weight loss of 1–2 lb/week 
(evidence Category A)
• Physical activity is recommended as part of a comprehensive 
weight loss therapy as it modestly contributes to weight loss in 
overweight and obese adults (evidence Category A) and it may 
help with maintenance of weight loss (evidence Category C ). All 
adults should set a long-term goal to accumulate at least 30 min-
utes or more of moderate intensity physical activity on most and 
preferably all days of the week (evidence Category B).

dietary modification:
• Goal: An overall healthy eating pattern.

Advocate consumption of a variety of fruits, vegetables, grains, 
low-fat or nonfat dairy products, fish, legumes, poultry, and 
lean meats. match energy intake with energy needs and make 
appropriate changes to achieve weight loss when indicated. 
modify food choices to reduce saturated fats (10% of calories), 
cholesterol (300 mg/d), and trans-fatty acids by substitut-
ing grains and unsaturated fatty acids from fish, vegetables, 
legumes, and nuts. limit salt intake to < 6 g/d. limit alcohol 
intake (2 drinks/d in men, 1 drink/d in women) among those 
who drink.
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prevention program (2002) demonstrated that both 
metformin and lifestyle modification could prevent or 
delay the development of type 2 diabetes with 58% 
reduction in its incidence with lifestyle changes versus 

Furthermore, aerobic exercise has been shown to 
induce ischemic preconditioning, improving tolerance 
of ischemic stress (51,52). Alterations of coronary 
anatomy, increases in diameter of coronary arteries, 
and improvement in microcirculation and endothelial 
function have been observed in previous studies (53).

DiaBeteS SCreeninG anD 
CarDiovaSCular DiSeaSe

Diabetics have two- to fourfold higher risk of CVD 
mortality compared to people without diabetes mel-
litus. The estimated cost of diabetes mellitus in the 
United States in 2007 was $174 billion, with 28% of 
expenditures attributed to cardiovascular complica-
tions of diabetes mellitus (54). A critical component 
of CVD prevention is screening for diabetes mellitus, 
along with early interventions to treat and prevent its 
complications. The American Diabetes Association 
(2013) recommends screening for type 2 diabetes in 
every adult at 45 years of age. Asymptomatic adults 
who are overweight or obese (BMI ≥ 25 kg/m2) and 
who have one or more additional risk factors for diabe-
tes are also recommended to be screened for diabetes 
(Evidence Category B). Detailed screening recom-
mendations are listed in Table 20.4 (55). The Finnish 
Diabetes Prevention Study demonstrated that lifestyle 
modification could prevent or delay the development 
of type 2 diabetes (56). Similarly, the U.S. diabetes 

Table 20.4 Criteria for diabetes Screening in 
Asymptomatic Adults from the American diabetes 
Association

1. Screening should start at 45 years of age in the 
absence of other risk factors. testing should be 
repeated at least at 3-year intervals.
2. testing should be considered in all overweight or 
obese adults who have at least one of the following 
risk factors:

• Physical inactivity
• First-degree relative with diabetes
• High risk race or ethnicity (e.g., African American, 
latino, native American, Asian American, Pacific 
islander)
• Women who delivered a baby weighing >9 lbs. 
or were diagnosed with gestational diabetes 
 during pregnancy
• Hypertension
• HDL cholesterol level <35 mg/dl and/or triglyc-
eride level >250 mg/dl
• Women with polycystic ovary syndrome
• Presence of conditions associated with insulin 
resistance such as severe obesity or acanthosis 
nigricans
• History of CVD

Table 20.5 recommendations for Primary Prevention of Cvd in People with diabetes

lifestyle Management:
• Weight: Structured programs to promote changes such as reduced fat intake (<30% of daily energy) and 
increased regular physical activity to achieve 5%–7% weight loss.
• Medical Nutrition Therapy (MNT) Goals:

°° Saturated fats <7% of energy intake

°° dietary cholesterol intake <200 mg/dl

°° trans-unsaturated fatty acids <1% of total calorie intake

°° total dietary fat intake: 25%–35% of total calorie intake mainly from mono- or polyunsaturated fat

°° Ample dietary fiber intake

°° Alcohol intake limitation to 1 drink/day for women and 2 drinks/day for men

°° Sodium intake limitation to 1,200–2,300 mg/day

Physical activity:
• At least 150 minutes of moderate-intensity physical activity or at least 90 minutes of vigorous aerobic exercise 
per week is recommended. the physical activity should be distributed over at least 3 days per week, with no 
more than 2 consecutive days without physical activity.

blood Pressure:
• Blood pressure should be measured at every visit with goals ≤130 mmHg systolic and ≤80 mmHg diastolic.
• Pharmacologic therapy is only indicated after a failed 3-month trial of lifestyle modification for those with sys-
tolic blood pressure 130 mmHg or diastolic ≥80 mmHg.
• All patients with diabetes and hypertension should be treated with a regimen that includes either an ACE inhibi-
tor or an ArB. other drug classes are only indicated as add-on regimens to achieve the blood pressure target.

(continued )
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is strong evidence that it is cost-saving to implement 
multicomponent interventions including standard 
antidiabetic care, education, screening for complica-
tions, and angiotensin-converting enzyme inhibitors 
(Table 20.5) (58).

the uSe of aSPirin in Primary 
Prevention of CvD

A number of guidelines have been published with regard 
to aspirin use for the primary prevention of cardiovas-
cular events. There is, however, no overall consensus 
among these guidelines and clinician judgment with 

a 31% reduction with metformin use (57). Based on 
current American Diabetes Association (ADA) guide-
lines, in those with impaired fasting glucose (IFG), 
impaired glucose tolerance (IGT), or hemoglobin A1C 
of 5.7% to 6.4%, an ongoing support program to tar-
get 7% weight loss and to increase physical activity to 
at least 150 minutes/week is recommended (55). Met-
formin therapy for prevention of type 2 diabetes may 
be considered in those with IFG (Evidence Category 
E), IGT (Evidence Category A), or an A1C 5.7–6.4% 
(Evidence Category E), especially those with BMI 
> 35 kg/m2, aged < 60 years, and women with prior 
gestational diabetes based on current ADA guidelines 
(55). Once a patient develops type 2 diabetes, there 

Table 20.5 recommendations for Primary Prevention of Cvd in People with diabetes (continued)

lipids:
• In adults ages 40 to 75 years old with diabetes and with LDL-C levels 70–189 mg/dL, the 10-year atherosclerotic 
Cvd risk score should be calculated. if risk is <7.5%, moderate-intensity statin therapy should be instituted. if risk 
is ≥7.5%, high-intensity statin therapy should be prescribed.

aspirin Therapy:
• Aspirin (75–162 mg/d) should be recommended as a primary prevention strategy to all diabetics at increased 
cardiovascular risk

Glycemic Control:
• The A1C goal for patients in general is <7%.
• A1C for the individual patient can be lowered as close to normal (<6%) as possible, without causing significant 
hypoglycemia.

Tobacco Cessation:
• Assessment of tobacco use and interventions to help patient quit should be implemented at every visit.

Table 20.6 Selected major guidelines regarding use of Aspirin in Primary Prevention

Guideline Recommendation for aspirin Use

uSPStf (2009) (59) men, 45–79 years old, mi prevention benefit > bleeding risk
Women, 55–79 years old, stroke prevention benefit > bleeding risk

ACCf/AHA (2009) (62) men, 10-year CHd risk ≥ 10%
Women, 10-year CHd risk ≥ 20%

ACCP (2012) (66) men and women > 50 years old

CCS (2011) (67) in special circumstances in men and women without evidence of manifest 
vascular disease in whom vascular risk is considered high and bleeding risk 
low, aspirin 75 to 162 mg daily may be considered

AHA guidelines for
Prevention of Cvd
in Women (2011) (68)

in women ≥ 65 years old, if blood pressure is controlled and benefit of isch-
emic stroke and mi prevention > bleeding risk. use of aspirin is reasonable in 
women < 65 years old for ischemic stroke prevention

Abbreviations: uSPStf = united States Preventive Services task force. ACCf = American College of Cardiology foundation. 
AHA = American Heart Association. ACCP = American College of Chest Physicians. CCS = Canadian Cardiovascular Society. mi 
= myocardial infarction. CHd = coronary heart disease.
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aCCf/aha

The focused ACC/AHA 2009 Performance Measures 
for Primary Prevention of Cardiovascular Disease 
in Adults (62) provides a more broad-based, though 
 gender-specific guideline with regard to the use of 
aspirin for primary prevention. They recommend 
administration of aspirin as preventive therapy for 
men with a 10-year coronary heart disease risk of 
10% or more and for women with 10-year CHD risk 
of 20% or more. The decision of the committee to 
leave out age cut points was based on clinical trial data 
demonstrating fewer CVD events reported in younger 
individuals rather than an effect modification by age.

Diabetes

The ADA/AHA/ACCF 2010 Scientific Statement 
for Aspirin Use for Primary Prevention of Cardio-
vascular Events in People With Diabetes recom-
mend  low-dose aspirin (75–162 mg/day) for primary 
prevention of CVD in diabetic patients who have a 
10-year CVD risk of 10% (63). Those at risk include 
most men over the age of 50 years and women over 
the age of 60  years who have one or more of the 
following additional major risk factors: smoking, 
hypertension, dyslipidemia, family history of prema-
ture CVD, and albuminuria (ACCF/AHA Class IIa, 
Level of  Evidence: B) (ADA Level of Evidence: C). 
 Low-dose aspirin might be considered for patients 
with intermediate CVD risk (younger patients with 
one or more risk factors, or older patients with no 
risk factors, or patients with 10-year CVD risk of 
5%–10%) (ACCF/AHA Class IIb, Level of Evidence: 
C) (ADA Level of Evidence: E). Low-dose aspirin 
is not recommended for CVD prevention in diabetic 
patients at low CVD risk (men under age 50 years 
and women under 60 years with no major additional 
CVD risk factors; 10-year CVD risk under 5%) as 
the potential adverse effects from bleeding offset the 
potential benefits (ACCF/AHA Class III, Level of 
Evidence: C) (ADA Level of Evidence: C).

10-year CVD risk for diabetics can be assessed 
using calculators such as the United Kingdom Pro-
spective Diabetes Study Risk Engine or the Athero-
sclerosis Risk in Communities Study CHD Risk 
Calculator (63).

optimal aspirin Dose

Primary prevention trials have used various aspirin-
dosing regimens from 75 mg/day to 325 mg/every 
other day in individuals without a history of GI 

respect to the benefits of aspirin must be weighed against 
the potential bleeding harms associated with its use. The 
two most readily used recommendations in the United 
States, the 2009 USPSTF guidelines and the 2009 ACC/
AHA guidelines, are presented here. A summary of 
other selected guidelines can be found in Table 20.6.

uSPStf

The United States Preventive Service Task Force 
(USPSTF) 2009 guidelines (59) have made separate 
recommendations for men and women, acknowledg-
ing the differential effect that gender has with regard 
to aspirin and individual CVD outcomes. For men, 
aspirin use is recommended in those age 45 to 79 
years when the potential benefits from a reduction in 
rate of MI outweighs the potential harm of an increase 
in gastrointestinal hemorrhage (A recommendation). 
For women, aspirin use is recommended in those aged 
55 to 79 years when the potential benefit of a reduc-
tion in ischemic stroke outweighs the potential harm 
of an increase in gastrointestinal hemorrhage (A rec-
ommendation). There is insufficient evidence to bal-
ance the benefits versus harm of aspirin use in men 
and women older than age 80 years (I statement). The 
USPSTF assigned a D recommendation for the use of 
aspirin for MI reduction in men less than 45 years and 
for stroke reduction in women less than 55 years.

Ten-year CHD risk in men is typically calcu-
lated using the Framingham Risk Score (60) and the 
10-year stroke risk for women is assessed using tools 
such as the Western Stroke Calculator (61). The USP-
STF provided a table that displays the age-defined 
levels where the benefit of aspirin with regard to CVD 
events (MI in men, stroke in women) outweighs the 
harm of significant bleeding events (Table 20.7) asso-
ciated with its use.

Table 20.7 uSPStf estimated Cut PointS where 
benefit of low-dose Aspirin exceeds bleeding risk (59)

Men Women

age 
(Years)

10-Year CHD 
Risk (%)

age 
(Years)

10-Year Stroke 
Risk (%)

45–59 ≥4 55–59 ≥3

60–69 ≥9 60–69 ≥8

70–79 ≥12 70–79 ≥11

Abbreviations: uSPStf= united States Preventive Services 
task force; CHd= coronary heart disease.
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prevent disease before it occurs. We are fortunate in 
cardiology to have elucidated a variety of modifiable 
risk factors. Addressing these can substantively alter 
an individual’s chances of developing cardiovascular 
disease. Taken on a broader societal level, gradual 
but major swings in exercise, smoking, and dietary 
patterns can redefine a population’s cardiovascular 
risk, for better and for worse. By focusing attention 
on the modifiable risk factors highlighted in this 
chapter, and by educating both individual patients 
and the public, we in health care have the opportu-
nity to prevent illness and suffering while simulta-
neously decreasing health care costs: a win–win, if 
there ever was one.

referenCeS

 1. Yusuf S, et al. Effect of potentially modifiable risk fac-
tors associated with myocardial infarction in 52 coun-
tries (the INTERHEART study): case-control study. 
Lancet. 2004;364: 937–952.

 2. Lloyd-Jones DM, et al., Defining and setting national 
goals for cardiovascular health promotion and disease 
reduction: the American Heart Association’s strategic 
Impact Goal through 2020 and beyond. Circulation 
2010;121: 586–613.

 3. Honarbakhsh S, Schachter M Vitamins and cardiovas-
cular disease. Br J Nutr. 2009; 101:1113–1131.

 4. Katsiki N, Manes C. Is there a role for supplemented 
antioxidants in the prevention of atherosclerosis? Clin 
Nutr. 2009:28: 3–9.

 5. Wang TJ,, et al. Vitamin D deficiency and risk of cardio-
vascular disease. Circulation. 2008;117: 503–511.

 6. Autier P, Gandini S. Vitamin D supplementation and 
total mortality: a meta-analysis of randomized con-
trolled trials. Arch Intern Med. 2007;167:1730–1737.

 7. Manson JE, et al. The VITamin D and OmegA-3 TriaL 
(VITAL): rationale and design of a large randomized 
controlled trial of vitamin D and marine omega-3 fatty 
acid supplements for the primary prevention of can-
cer and cardiovascular disease. Contemp Clin Trials. 
2012;33:159–171.

 8. Lichtenstein AH, et al. Summary of American Heart 
Association Diet and Lifestyle Recommendations 
revision 2006. Arterioscler Thromb Vasc Biol. 2006; 
26:2186–2191.

 9. Appel LJ, et al. Effects of protein, monounsaturated 
fat, and carbohydrate intake on blood pressure and 
serum lipids: results of the OmniHeart randomized trial. 
JAMA. 2005; 294:2455–2464.

 10. Sacks FM, et al. Effects on blood pressure of reduced 
dietary sodium and the Dietary Approaches to Stop 
Hypertension (DASH) diet. DASH-Sodium Collaborative 
Research Group. N Engl J Med. 2001;344: 3–10.

 11. Lichtenstein AH, et al. Diet and lifestyle recommen-
dations revision 2006: a scientific statement from the 

bleeding and concomitant NSAID use. Low-dose 
aspirin (75 to 81 mg/day) is adequate to inhibit plate-
let aggregation fully and has been demonstrated to be 
effective (64). However, evidence also links higher 
doses of aspirin to increased bleeding events. Nearly 
all guidelines recommend patient evaluation with 
regard to risk and benefits on a case-by-case basis.

milD to moDerate alCohol intake 
in the Prevention of CvD

There are no large randomized control trials exam-
ining the effects of alcohol use with regard to CVD 
development and related outcome measures. Guide-
lines are primarily based on observational data but for 
the most part convey a similar message: if alcohol is 
being consumed, mild to moderate alcohol intake has 
been associated with beneficial cardiovascular effects 
in both men and women.

2006 aha Diet and lifestyle 
recommendations

The AHA recommends that if alcoholic beverages are 
consumed, they should be limited to no more than 2 
drinks per day for men and 1 drink per day for women, 
and ideally should be consumed with meals. A drink 
is defined as one half ounce of alcohol. Examples of 
drink equivalents include items such as a 12-ounce 
bottle of beer, a 4-ounce glass of wine, and a 1.5-
ounce shot of an 80-proof spirit. Given the known 
associated risk of alcohol with breast cancer, vehicu-
lar and work accidents, hypertension, liver damage, 
hypertriglyceridemia, and addiction, the AHA does 
not recommend the consumption of alcohol solely for 
CVD risk reduction (11).

Similar recommendations with regard to 
amount of alcohol intake in men and women who 
choose to drink are stated in the 2005 Dietary Guide-
lines for Health published by the U.S. Departments 
of Health and Human Services and Agriculture and in 
the 2008 American Diabetes Association for diabetics 
(15,65).

Summary

There is a Chinese proverb that states: “The supe-
rior doctor prevents sickness, the mediocre doctor 
attends to an impending sickness, and the inferior 
doctor treats the sickness already there.” Without 
a doubt, one of the greatest goals in medicine is to 

Amsterdam_87864_PTR_20_195-206_09_26_14.indd   204 26/09/14   4:21 PM



20: PrimAry Prevention of CArdiovASCulAr diSeASe guidelineS   205

Handbooks of Cancer Prevention, 2007. 11(Lyon: 
IARC).

 26. Stead Lindsay FBG, Lancaster T. Physician advice for 
smoking cessation. Cochrane Database System Rev. 
2008;2.

 27. Randomised trial of cholesterol lowering in 
4444 patients with coronary heart disease: the 
Scandinavian Simvastatin Survival Study (4S). Lancet 
1994;344:1383–1389.

 28. Stone NJ, et al. 2013 ACC/AHA Guideline on 
the Treatment of Blood Cholesterol to Reduce 
Atherosclerotic Cardiovascular Risk in Adults: A Report 
of the American College of Cardiology/American 
Heart Association Task Force on Practice Guidelines. 
Circulation. 2013.

 29. Keaney JF Jr, Curfman GD, Jarcho JA. A pragmatic 
view of the new cholesterol treatment guidelines.  
N Engl J Med 2013.

 30. Hsiao CJ, et al. National Ambulatory Medical Care Survey: 
2007 summary. Natl Health Stat Report. 2010:1–32.

 31. Ogedegbe G, Pickering TG. Epidemiology of 
Hypertension., in Hurst’s The Heart. 13th ed., WR Fuster, 
VRA Harrington, Eds. 2011. McGraw-Hill: New York.

 32. Roger VL, et al., Heart disease and stroke  statistics— 
2011 update: a report from the American Heart 
Association. Circulation. 2011;123:e18–e209.

 33. Vasan RS, et al. Residual lifetime risk for developing 
hypertension in middle-aged women and men: The 
Framingham Heart Study. JAMA. 2002;287:1003–1010.

 34. Chobanian AV et al. The Seventh Report of the 
Joint National Committee on Prevention, Detection, 
Evaluation, and Treatment of High Blood Pressure: the 
JNC 7 report. JAMA. 2003;289:2560–2572.

 35. Vasan RS et al. Assessment of frequency of progres-
sion to hypertension in non-hypertensive participants in 
the Framingham Heart Study: a cohort study. Lancet. 
2001;358:1682–1686.

 36. Flegal KM, et al. Prevalence and trends in obesity among 
US adults, 1999–2008. JAMA. 2010;303: 235–241.

 37. Poirier P, et al. Bariatric surgery and cardiovascular risk 
factors: a scientific statement from the American Heart 
Association. Circulation. 2011;123: 1683–1701.

 38. Aranceta J, et al. Prevention of overweight and obe-
sity from a public health perspective. Nutr Rev. 2009; 
67 Suppl 1: p. S83–S88.

 39. Rosenzweig JL, et al. Primary prevention of cardiovas-
cular disease and type 2 diabetes in patients at metabolic 
risk: an endocrine society clinical practice guideline.  
J Clin Endocrinol Metab 2008;93:3671–3689.

 40. Fogli-Cawley JJ, et al. The 2005 Dietary Guidelines for 
Americans and risk of the metabolic syndrome. Am J 
Clin Nutr. 2007;86:1193–1201.

 41. Fogli-Cawley JJ, et al. The 2005 Dietary Guidelines for 
Americans Adherence Index: development and applica-
tion. J Nutr. 2006;136: 2908–2915.

 42. Galani C., H. Schneider, and F.F. Rutten, Modelling 
the lifetime costs and health effects of lifestyle inter-
vention in the prevention and treatment of obesity in 
Switzerland. Int J Public Health. 2007;52:372–382.

American Heart Association Nutrition Committee. 
Circulation 2006;114:82–96.

 12. Kastorini CM, et al. The effect of Mediterranean diet 
on metabolic syndrome and its components: a meta- 
analysis of 50 studies and 534,906 individuals. J Am 
Coll Cardiol. 2011;57:1299–1313.

 13. Estruch R, et al. Effects of a Mediterranean-style diet 
on cardiovascular risk factors: a randomized trial. Ann 
Intern Med. 2006; 145:1–11.

 14. Estruch R, et al. Primary prevention of cardiovascular 
disease with a Mediterranean diet. N Engl J Med. 2013; 
368:1279–1290.

 15. U.S Department of Agriculture, Alcoholic Beverages: 
Dietary Guidelines for Americans 2005. Washington, 
DC: Government Printing Office, 2005.

 16. Dansinger ML, et al. Comparison of the Atkins, Ornish, 
Weight Watchers, and Zone diets for weight loss and 
heart disease risk reduction: a randomized trial. JAMA. 
2005;293:43–53.

 17. American Lung Association (2010). Smoking Cessation:  
The Economic Benefits.  Retrieved from: http://www.
lung.org/stop-smoking/tobacco-control-advocacy/
reports-resources/cessation-economic-benefits/states/
united-states.html

 18. Hjermann I, et al. Effect of diet and smoking interven-
tion on the incidence of coronary heart disease: Report 
from the Oslo Study Group of a Randomised Trial in 
Healthy Men. Lancet. 1981;318:1303–1310.

 19. U.S. Department of Health and Human Services. How 
Tobacco Smoke Causes Disease: The Biology and 
Behavioral Basis for Smoking-Attributable Disease: 
A Report of the Surgeon General. Atlanta, GA: U.S. 
Department of Health and Human Services, Centers 
for Disease Control and Prevention, National Center 
for Chronic Disease Prevention and Health Promotion, 
Office on Smoking and Health, 2010.

 20. Huxley RR, Woodward M.Cigarette smoking as a 
risk factor for coronary heart disease in women com-
pared with men: a systematic review and meta- analysis 
of prospective cohort studies. Lancet. 378(9799):  
p. 1297–1305.

 21. Ambrose JA, Barua RS. The pathophysiology of ciga-
rette smoking and cardiovascular disease: An update.  
J Am Coll Cardiol. 2004;43: 1731–1737.

 22. He J, et al. Passive smoking and the risk of coronary 
heart disease — a meta-analysis of epidemiologic stud-
ies. N Engl J Med. 1999;340:920–926.

 23. Hurt RD, et al. Myocardial infarction and sudden 
cardiac death in olmsted county, minnesota, before 
and after smoke-free workplace laws. Arch Int Med. 
2012;172:1635–1641.

 24. Pearson TA, et al. AHA Guidelines for Primary 
Prevention of Cardiovascular Disease and Stroke: 2002 
Update: Consensus Panel Guide to Comprehensive 
Risk Reduction for Adult Patients Without Coronary or 
Other Atherosclerotic Vascular Diseases. Circulation. 
2002;106:388–391.

 25. IARC Handbooks of Cancer Prevention. Tobacco 
Control: Reversal of Risk After Quitting Smoking. IARC 

Amsterdam_87864_PTR_20_195-206_09_26_14.indd   205 26/09/14   4:21 PM



206 ASPC mAnuAl of Preventive CArdiology

 60. D’Agostino RB Sr, et al. General cardiovascular risk 
profile for use in primary care: the Framingham Heart 
Study. Circulation 2008;117:743–753.

 61. Wolf PA, et al. Probability of stroke: a risk profile from 
the Framingham Study. Stroke 1991;22:312–318.

 62. Redberg RF, et al. AHA/ACCF [corrected] 2009 performance 
measures for primary prevention of cardiovascular disease 
in adults: a report of the American College of Cardiology 
Foundation/American Heart Association task force on per-
formance measures (writing committee to develop perfor-
mance measures for primary prevention of cardiovascular 
disease): developed in collaboration with the American 
Academy of Family Physicians; American Association 
of Cardiovascular and Pulmonary Rehabilitation; and 
Preventive Cardiovascular Nurses Association: endorsed by 
the American College of Preventive Medicine, American 
College of Sports Medicine, and Society for Women’s 
Health Research. Circulation. 2009;120:1296–1336.

 63. Pignone M, et al. Aspirin for primary prevention of 
cardiovascular events in people with diabetes: a posi-
tion statement of the American Diabetes Association, a 
scientific statement of the American Heart Association, 
and an expert consensus document of the American 
College of Cardiology Foundation. Circulation, 
2010;121:2694–2701.

 64. Campbell CL, et al. Aspirin dose for the prevention 
of cardiovascular disease: a systematic review. JAMA. 
2007;297:2018–2024.

 65. Bantle JP, et al. Nutrition recommendations and 
interventions for diabetes: a position statement of 
the American Diabetes Association. Diabetes Care. 
2008;31 Suppl 1: S61–78.

 66. Vandvik PO, et al. Primary and Secondary Prevention 
of Cardiovascular Disease: Antithrombotic Therapy 
and Prevention of Thrombosis, 9th ed: American 
College of Chest Physicians Evidence-Based Clinical 
Practice Guidelines. Chest. 2012;141(2 Suppl): 
e637S–68S.

 67. Bell AD, et al. The use of antiplatelet therapy in the out-
patient setting: Canadian Cardiovascular Society guide-
lines. Can J Cardiol. 2011;27 Suppl A: S1–S59.

 68. Mosca L, et al. Effectiveness-based guidelines for 
the prevention of cardiovascular disease in women—
2011 update: a guideline from the American Heart 
Association. Circulation. 2011;123:1243–1262.

 69. Eckel RH, Jakicic JM, Ard JD, et al. AHA/ACC guide-
line on lifestyle management to reduce cardiovascular 
risk: a report of the American College of Cardiology/
American Heart Association task force on prac-
tice guidelines. Circulation. 2013. doi:10.1161/01.
cir0000437740.48606.d1.

 70. James PA, Oparil S, Carter BL et al. 2014 evidence-
based guideline for the management of high blood pres-
sure in adults: report from the panel members appointed 
to the Eighth Joint National Committee (JNC 8). JAMA 
2014; 311(5):507–520

 43. Rock CL, et al. Effect of a free prepared meal and incen-
tivized weight loss program on weight loss and weight 
loss maintenance in obese and overweight women: a ran-
domized controlled trial. JAMA. 2010;304:1803–1810.

 44. Balagopal P, et al. Lifestyle-only intervention attenu-
ates the inflammatory state associated with obesity: a 
randomized controlled study in adolescents. J Pediatr. 
2005;146:342–348.

 45. Perk, J, et. al. European Guidelines on cardiovascular 
disease prevention in clinical practice (version 2012): 
the Fifth Joint Task Force of the European Society of 
Cardiology and Other Societies on Cardiovascular 
Disease Prevention in Clinical Practice (constituted by 
representatives of nine societies and by invited experts). 
Eur J Prev Cardiol. 2012;19:585–667.

 46. Esposito K, et al. Effect of weight loss and life-
style changes on vascular inflammatory markers in 
obese women: a randomized trial. JAMA. 2003;289: 
1799–1804.

 47. Clinical guidelines on the identification, evaluation, and 
treatment of overweight and obesity in adults: the evi-
dence report. National Institutes of Health. Obesity Res. 
1998;6(suppl): 51S–209S.

 48. Go AS, et al. Heart Disease and Stroke Statistics— 
2013 Update: A Report From the American Heart 
Association. Circulation. 2013;127:e6–e245.

 49. Tanasescu M, et al. Exercise type and intensity in relation to 
coronary heart disease in men. JAMA. 2002;288:1994–2000.

 50. U.S. Department of Health and Human Services 
Physical Activity Guidelines Advisory Committee 
Report, 2008.

 51. Billman GE. Cardiac autonomic neural remodeling and 
susceptibility to sudden cardiac death: effect of endur-
ance exercise training. Am J Physiol Heart Circ Physiol. 
2009;297:H1171–H1193.

 52. Kavazis A. Exercise Preconditioning of the Myocardium. 
Sports Med. 2009;39:923–935.

 53. Francescomarino S, et al. The effect of physical exercise 
on endothelial function. Sports Med. 2009;39: 797–812.

 54. American Diabetes A. Economic costs of diabetes in the 
U.S. In 2007. Diabetes Care. 2008;31:596–615.

 55. American Diabetes A. Standards of medical care in dia-
betes—2013. Diabetes Care. 2013;36 Suppl 1: S11–66.

 56. Knowler WC, et al. Reduction in the incidence of type 
2 diabetes with lifestyle intervention or metformin.  
N Engl J Med 2002;346:393–403.

 57. Gillies CL, et al. Pharmacological and lifestyle inter-
ventions to prevent or delay type 2 diabetes in people 
with impaired glucose tolerance: systematic review and 
meta-analysis. BMJ. 2007;334:299.

 58. Li R, et al. Cost-effectiveness of interventions to pre-
vent and control diabetes mellitus: a systematic review. 
Diabetes Care. 2010;33:1872–1894.

 59. Aspirin for the prevention of cardiovascular disease: 
U.S. Preventive Services Task Force recommendation 
statement. Ann Intern Med. 2009;150: 396–404.

Amsterdam_87864_PTR_20_195-206_09_26_14.indd   206 26/09/14   4:21 PM



Secondary Prevention Guidelines

21

Coronary artery disease (CAD) continues to be the 
leading cause of death in the United States. Once an 
individual suffers a myocardial infarction (MI), he 
or she has a roughly 20% chance of having a heart 
attack or dying from coronary heart disease in the next  
5 years (1). The goal of secondary prevention is 
to slow the progression of disease once it is estab-
lished and reduce the risk of future cardiovascular 
(CV) events. In 2011, the American Heart Associa-
tion and American College of Cardiology (AHA/
ACC) updated their secondary prevention guide-
lines, previously published in 2006, and expanded 
the title to Secondary Prevention and Risk Reduc-
tion Therapy for Patients With  Coronary and Other 
Atherosclerotic Vascular Disease. The addition 
of the phrase “Risk Reduction” comes from the 
expanding body of literature  confirming that risk 
factor management in patients with coronary dis-
ease improves survival, reduces recurrent events 
and the need for revascularization, and improves 
quality of life (2). Thus, increasing awareness and 
promoting implementation of these guidelines, in 
concert with improving primary prevention at the 
individual and policy level, is of utmost importance 
for the reduction of future CV events. This chapter 
highlights the most important aspects of the AHA/
ACC Secondary Prevention Guidelines, expands 
on those parts that are controversial, and contrasts 
these guidelines with those of other professional 
societies.

ComPonentS of SeCondary 
Prevention reCommendationS

 I. Lifestyle and Risk Factor Modification
 II. Medication Recommendations
 III. Other Treatments and Alternative Therapies

i. LifeStyLe and riSk faCtor 
modifiCation

Risk factors are those characteristics that have been 
highly associated with the development of CV dis-
ease, and can be divided into two groups: modifiable 
and nonmodifiable. This chapter reviews only those 
risk factors that are modifiable.

Nonmodifiable Risk Factors: Age, Gender, 
Family History

Modifiable Risk Factors: Smoking, Blood Pres-
sure, Hyerlipidemia, Physical Activity, Weight, Dia-
betes Mellitus (DM)

Smoking Cessation

Key Points
Follow the 5 As at every visit.

Discussion
 n There is a very strong, clearly established causal 

relationship between smoking and the entire spectrum 

Monika Sanghavi, MD and 
Amit Khera, MD, MSc, FACC
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of CV disease (cerebrovascular disease, CAD, and 
peripheral arterial disease [PAD]).

 n Smoking cessation has significant CV reduction and 
mortality benefit. Those who quit smoking can cut their 
CV risk by half (3). It is potentially the single most impor-
tant intervention for secondary prevention of CV disease. 
Smoking reduction does not have the same benefits and 
does not increase the likelihood of eventual smoking cessa-
tion; therefore encouraging smoking cessation is preferred.

 n The guidelines for smoking cessation parallel the 
5 As (ask, advise, assess, assist, and arrange) that 
should be routinely used by physicians and health 
care practitioners to counsel patients to quit smoking. 
In addition, the avoidance of passive environmental 
tobacco exposure should be emphasized (Table 21.1).

Blood Pressure Control

Key Points
Goal blood pressure < 140/90 mmHg.

Discussion
 n The blood pressure treatment goal for those with 

elevated blood pressure in the 2006 AHA/ACC 
Secondary Prevention guidelines were stratified based 
on those with DM and/or chronic kidney disease 
(CKD), and those without; a goal of < 140/90 mmHg 
for most, and a more stringent goal of < 130/80 mmHg 
for those with DM or CKD. However, this more strin-
gent recommendation did not carry over to the more 
recent 2011 guidelines (Table 21.2).

 n The 2003 JNC 7 guidelines and the 2003 NKF-K/
DOQI recommend a target blood pressure goal of 

< 130/80 mmHg in “high risk patients.” The American 
Diabetes Association (ADA) previously had the same 
recommendation. However, in their 2013 Position 
Statement (4), the ADA modified their recommenda-
tion based on the results of the ACCORD trial to a 
goal of < 140/80 mmHg for everyone with diabetes 
and stated that lower targets of < 130/80 mmHg may 
be appropriate in certain individuals in whom the goal 
can be achieved without “undue treatment burden.”

 n The New 2014 JNC8 Panel Guidelines also support 
a blood pressure goal <140/90mmHg in those with 
diabetes or chronic kidney disease (30).

 n The current AHA/ACC secondary prevention 
guidelines recommend using beta-blockers or ACE-I 
as the first-line therapy for BP control. However, in 
the absence of an absolute indication for beta block-
ade (eg left ventricular dysfunction, angina, acute 
coronary syndrome [ACS] event in the past 3 years, 
arrhythmias, etc.), the recommendation of initial 
treatment with beta-blockers is controversial and has 
recently come under scrutiny (5). In addition, many 
of the recommendations for beta-blocker use in stable 
CAD are based on data extrapolated from post-ACS 
data (6) rather than randomized controlled trials.

Lipid management

Key Points
 n Treatment recommendations for the management of 

cholesterol in the secondary prevention guidelines were 
based on the Adult Treatment Panel (ATP) III. However, 
new cholesterol guidelines published in November 
2013 suggest a slightly different treatment strategy (7).

 n All patients with clinical atherosclerotic cardiovas-
cular disease (ASCVD), defined as history of MI, 

Table 21.1 Smoking

Class i 1. every tobacco user should be 
AdviSed at every visit to quit.

2. the tobacco user’s willingness to quit 
should be ASSeSSed at every visit.

3. Patients should be ASSiSted by 
counseling and by development of 
a plan for quitting that may include 
pharmacotherapy and/or referral to a 
smoking cessation program.

4. ArrAngement for follow-up is 
recommended.

5. All patients should be advised at 
every office visit to avoid exposure to 
environmental tobacco smoke at work, 
home, and public places.

Table 21.2 Blood Pressure Control

Class i 1. All patients should be counseled 
regarding the need for lifestyle modifi-
cation: weight control; increased physi-
cal activity; alcohol moderation; sodium 
reduction; and emphasis on increased 
consumption of fresh fruits, vegetables, 
and low-fat dairy products.

2. Patients with blood pressure  
≥ 140/90 mmHg (≥ 140/80 in those with 
diabetes) should be treated, as toler-
ated, with blood pressure medication, 
treating initially with beta-blockers and/
or ACe inhibitors, with addition of other 
drugs as needed to achieve goal blood 
pressure.
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stable or unstable angina, coronary revascularization, 
stroke or TIA presumed to be of atherosclerotic origin, 
and peripheral arterial disease or revascularization, 
should be initiated on a statin for secondary prevention.

 n Previously, guidelines suggested treating with 
statins to the target cholesterol levels listed below; 
however, specific targets have been eliminated in the 
new guidelines (Table 21.3):

 l Low-density lipoprotein cholesterol (LDL-C) 
< 100 mg/dL (or < 70 mg/dL for very high risk 
individuals) and a 30% reduction in LDL-C.

 l Non-high-density lipoprotein cholesterol (non-
HDL-C) should be lowered to < 130 mg/dL (or 
< 100 mg/dL for very high risk individuals) using 
statin agents, particularly in those with high tri-
glycerides (> 200 mg/dL).

 n The new recommendations suggest treatment with 
high-intensity statin (ie, atorvastatin 80 mg, rosu-
vastatin at least 20 mg) in everyone with ASCVD 
with no specific cholesterol targets. The exception 

to this recommendation is for those older than 75 
and those who are not candidates for high- intensity 
statins, where moderate-intensity statins are 
recommended.

Discussion
 n There is a strong and clearly established causal rela-

tionship between LDL-C level and CV risk. In addi-
tion, the reduction of LDL-C correlates with reduced 
CV risk. However, as randomized controlled trials 
have not evaluated strategies of achieving specific 
LDL-C targets, they were eliminated in the new cho-
lesterol guidelines.

 n Non-HDL-C is calculated as total cholesterol minus 
HDL-C, and includes atherogenic triglyceride rich 
lipoproteins such as VLDL in addition to LDL; it is 
a better predictor of CV risk than LDL-C. The goal 
for non-HDL-C was 30 mg/dL higher than the LDL-C 
goal in ATP III.

 n Because specific non-HDL-C targets have not been 
evaluated in clinical trials, and adjunctive agents 
beyond high potency statins have not proven benefi-
cial for CV risk reduction in recent studies, treating to 
specific non-HDL-C levels is not recommended in the 
new guidelines.

 n Low HDL-C has consistently correlated with 
increased CV risk at the epidemiologic level, how-
ever, the pharmacologic modification of HDL using 
niacin and other agents has not translated clinically to 
improvement in CV outcomes in recent randomized 
studies and is not currently recommended (8).

 n Although the new cholesterol guidelines suggest 
considering a reduction in statin dose in patients who 
have two consecutive LDL-C values less than 40 mg/
dL (IIb recommendation) there is little evidence to 
support modifying statin dose for an arbitrary low 
LDL-C level.

 n Since the elimination of specific cholesterol tar-
gets, the frequency and utility of routine lipid level 
evaluation on treatment has not been addressed in the 
new guidelines and is based on physician discretion. 
Possible uses include verification of patient compli-
ance with medications and recommended lifestyle 
behaviors.

Physical activity

Key Points
 n The goal is at least 30 minutes of moderate intensity 

aerobic physical activity 5 days a week, and prefer-
ably 7 days a week (Table 21.4).

 n Resistance training at least two days a week should 
complement aerobic activity.

Table 21.3 lipid management

Class i 1. A lipid profile in all patients should 
be established, and for hospitalized 
patients, lipid-lowering therapy as 
recommended below should be initiated 
before discharge.

2. lifestyle modifications including daily 
physical activity and weight management  
are strongly recommended for all 
patients.

3. dietary therapy for all patients should 
include reduced intake of saturated fats 
(to < 7% of total calories), trans fatty 
acids (to < 1% of total calories), and  
cholesterol (to < 200 mg/d).

4. in addition to therapeutic lifestyle 
changes, high potency statin therapy 
(ie., atorvastatin 80 mg or rosuvastatin 
at least 20 mg) should be prescribed to 
all patients with clinical ASCvd in the 
absence of contraindications or  
documented adverse effects.

5. treating to specific ldl-C targets of 
< 70 mg/dl and non-Hdl-C < 100 mg/
dl are no longer advocated in the recent 
2013 AHA/ACC Cholesterol guidelines.

6. Patients who have triglycerides  
> 500 mg/dl should be started on fibrate 
therapy (or omega 3 fatty acids) in  
addition to statin therapy to prevent 
acute pancreatitis.
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 n Goal waist circumference < 35 inches for women, 
< 40 inches for men, with lower cut points for those 
of Southeast or East Asian descent.

Discussion
 n A standardized measurement of waist circumfer-

ence is required (at the level of the iliac crest) in order 
to minimize intra- and interobserver variability for 
serial measurements, and waist circumference should 
be ascertained at every visit.

 n Central obesity, measured by waist circumference, 
adds prognostic information beyond BMI and may be 
a better predictor of adverse outcomes than BMI in 
patients with CAD (11).

 n The International Diabetes Foundation (IDF) has 
published country/ethnic specific waist circumfer-
ence measurements that are consistent with the 
metabolic syndrome: ≥ 90 cm (35.4 in.) in men 
and ≥ 80 cm (31.5 in.) in women for South Asians, 
Chinese, and Japanese. (10). Goal waist circumfer-
ence for these ethnicities would be lower than the 
stated values.

 n In patients with CAD, there is an “obesity para-
dox” such that being overweight or obese may 
be associated with better outcomes than normal 
weight.

Discussion
 n A careful physical activity and angina history, and 

in some cases exercise stress testing, are required to 
formulate an individualized exercise prescription.

 n There are emerging data to suggest that shorter bursts 
of high-intensity exercise (ie, interval training) may be 
more beneficial for improved cardiorespiratory fitness 
than the current recommendation, with reasonable 
safety. The new AHA/ACC Lifestyle Management 
guidelines suggest either moderate intensity physi-
cal activity as mentioned above or 75 minutes a week 
of vigorous-intensity aerobic physical activity, or an 
equivalent combination of moderate- and vigorous-
intensity aerobic physical activity (9).

 n The 30 minutes of daily activity can be cumulative 
and do not have to occur in one stretch.

 n Pedometer use can be a good motivational tool that 
has been shown in randomized trials to increase physical 
activity, and improve body weight and blood pressure.

Weight management

Key Points
 n Goal body mass index (BMI) 18.5 to 24.9 kg/m2 

(Table 21.5)

Table 21.4 Physical Activity

Class i 1. for all patients the clinician should 
encourage 30–60 minutes of moderate-
intensity aerobic activity, such as brisk 
walking, at least 5 days and preferably 
7 days a week, supplemented by an 
increase in daily lifestyle activities to 
improve cardiorespiratory fitness and 
move patients out of the least fit, least 
active high-risk cohort (bottom 20%).

2. the new AHA/ACC lifestyle 
management guidelines have expanded 
the recommendations to include 
150 minutes of moderate intensity 
physical activity as before or 75 minutes 
a week of vigorous-intensity aerobic 
physical activity, or an equivalent combi-
nation of moderate- and vigorous- 
intensity aerobic physical activity.

3. for all patients, risk assessment with 
a physical activity history and/or an 
exercise test is recommended to guide 
prognosis and prescription.

4. the clinician should counsel patients 
to report and be evaluated for symp-
toms related to exercise.

Table 21.5 Weight management

Class i 1. Body mass index (Bmi) and/or waist 
circumference should be assessed at 
every visit, and the clinician should 
consistently encourage weight mainte-
nance/reduction through an appro-
priate balance of lifestyle, physical 
activity, structured exercise, caloric 
intake, and formal behavior programs 
when indicated to maintain/achieve 
a body mass index between 18.5 and 
24.9 kg/m2.

2. if waist circumference (measured 
horizontally at the iliac crest) is ≥ 35 in. 
(≥ 89 cm) in women and ≥ 40 inches 
(≥ 102 cm in men), therapeutic lifestyle 
interventions should be intensified and 
focused on weight management. the 
cut points for waist circumference are 
lower for certain ethnicities.

3. the initial goal of weight loss therapy 
should be to reduce body weight by 
approximately 5% to 10% from base-
line. With success, further weight loss 
can be attempted if indicated.
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type 2 diabetes management

Key Points
 n A comprehensive approach to risk reduction includ-

ing physical activity, weight management, BP control, 
and lipid management is required in patients with dia-
betes and CAD.

 n Glycemic control is associated with improved 
microvascular outcomes, but only a modest reduction 
in CV events.

 n Target HbA1c in the 2011 AHA secondary pre-
vention guidelines was ≤ 7% with the caveat to 
avoid hypoglycemia and liberalize targets as needed  
(Table 21.6); however, the ADA 2013 Position 
Statement now recommends a less stringent goal 
(< 8%) in those with advanced macrovascular com-
plications (ie, secondary prevention) (12).

 n BP targets are discussed in the BP section.
 n Metformin is an effective first-line agent and should 

be used if not contraindicated.

Discussion
 n Glycemic control alone is only one component 

of a comprehensive strategy to reduce CV events in 
patients with diabetes and CAD.

 n Recent studies targeting more stringent HbA1C 
targets (< 6.5%) in patients with diabetes demon-
strated no overall CV benefit and possible harm 
compared with more liberal targets (eg, < 8%), 
particularly in those with established vascular dis-
ease (13).

 n Metformin is one of the only oral agents dem-
onstrated to reduce macrovascular events in a 
randomized clinical trial (UKPDS), and its use 
should be emphasized in the treatment of diabetes  
(4), even after initiation of insulin if not contrain-
dicated (14).

ii. mediCationS

There are several medications that have proven effi-
cacy in those with established CAD to help decrease 
the risk of subsequent events and mortality.

antiplatelet agents/anticoagulants

Key Points
 n Aspirin 75 to 162 mg daily is recommended in all 

patients with CAD unless contraindicated.
 n Clopidogrel 75 mg daily is an alternative for those 

intolerant or allergic to aspirin.
 n The specific antiplatelet agent, dose, and duration 

for various manifestations of atherosclerotic disease 
are outlined in Table 21.7.

 n The addition of a P2Y12 receptor antagonist (eg, 
clopidogrel, prasugrel, or ticagrelor) to aspirin is rec-
ommended postpercutaneous coronary intervention 
(at least 1 month for bare-metal stent and 12 months 
for drug-eluting stent) or after an acute coronary syn-
drome (at least 12 months post-ACS).

Discussion
 n Several studies demonstrate that low-dose aspirin 

(81 mg) is as efficacious as higher dose aspirin in CV 
disease prevention with less bleeding risk, thus the 
lower dose is now generally preferred.

 n In patients requiring warfarin or other vitamin K 
antagonists, the addition of aspirin and a P2Y12 
inhibitor (ie, “Triple Therapy”) significantly 
increases bleeding risk. In such circumstances, it is 
imperative to use low-dose aspirin and continue the 
P2Y12 inhibitor (clopidogrel) for as brief a period as 
possible.

 n One recent small study suggested in patients with 
recent stenting who required warfarin, the combina-
tion of clopidogrel and warfarin was as effective as 
aspirin, clopidogrel, and warfarin with more than a 
50% lower bleeding risk (15).

renin-angiotensin-aldosterone Blockers

Key Points
 n Angiotensin Converting Enzyme Inhibitors  

(ACE-I) should be started and continued indefinitely 
in all patients with left ventricular ejection fraction 
(LVEF) ≤ 40% and in those with hypertension, dia-
betes, or CKD, unless contraindicated. Angiotensin 
Receptor Blockers (ARBs) can be substituted in those 
who are ACE-I intolerant (Table 21.8).

Table 21.6 type 2 diabetes mellitus management

Class i 1. Care for diabetes should be coordi-
nated with the patient’s primary care 
physician and/or endocrinologist.

2. lifestyle modifications including daily 
physical activity, weight management, 
blood pressure control, and lipid manage-
ment are recommended for all patients 
with diabetes.

Class iia 1. metformin is an effective first-line 
pharmacotherapy and can be useful if not 
contraindicated.
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Discussion
 n ACE-I/ARBs/Aldosterone blockers have clear ben-

efit in patients with depressed left ventricular systolic 
function.

 n Use of aldosterone blockade is recommended for post-
myocardial infarction patients who have LVEF ≤ 40%, 
and who have either diabetes or clinical heart failure, but 
without significant renal dysfunction or hyperkalemia.

Table 21.7 Antiplatelet Agents/Anticoagulants

Class i 1. Aspirin 75–162 mg daily is recommended in all patients with coronary artery disease unless 
contraindicated. 

 – Clopidogrel 75 mg daily is recommended as an alternative for patients who are intolerant 
of or allergic to aspirin.

2. A P2y12 receptor antagonist in combination with aspirin is indicated in patients after ACS or 
PCi with stent placement. 

 – for patients receiving bare-metal stent or drug eluting stent during PCi for ACS, clopido-
grel 75 mg daily, prasugrel 10 mg daily, or ticagrelor 90 mg twice daily should be given for 
at least 12 months.

3. for patients undergoing coronary artery bypass grafting (CABg), aspirin should be started 
within 6 hours after surgery to reduced saphenous venous graft closure. dosing regimens 
ranging from 100 to 325 mg daily for 1 year appear to be efficacious. 

4. in patients with extracranial carotid or vertebral atherosclerosis who have had an ischemic 
stroke or tiA, treatment with aspirin alone (75–325 mg daily), clopidogrel alone (75 mg daily), 
or the combination of aspirin plus extended release dipyridamole (25 mg and 200 mg twice 
daily, respectively) should be started and continued.

5. for patients with symptomatic atherosclerotic peripheral artery disease of the lower extrem-
ity, antiplatelet therapy with aspirin (75–325 mg daily) or clopidogrel (75 mg daily) should be 
started and continued.

6. Antiplatelet therapy is recommended in preference to anticoagulant therapy with warfarin 
or other vitamin K antagonists to treat patients with atherosclerosis.

 – if there is a compelling indication for anticoagulant therapy, such as atrial fibrillation, 
prosthetic heart valve, left ventricular thrombus, or concomitant venous thrombo-
embolic disease, warfarin should be administered in addition to the low-dose aspirin 
(75–81mg daily).
 – for patients requiring warfarin, therapy should be administered to achieve the recom-

mended inr for the specific condition.
 – use of warfarin in conjunction with aspirin and/or clopidogrel is associated with increased 

risk of bleeding and should be monitored closely.

Table 21.8 renin-Angiotensin-Aldosterone System Blockers

Class i 1. ACe inhibitors should be started and continued indefinitely in all patients with left ventricu-
lar ejection fraction ≤ 40% and in those with hypertension, diabetes, or chronic kidney disease 
unless contraindicated.

2. the use of ArBs is recommended in patients who have heart failure or who have had a 
myocardial infarction with left ventricular ejection fraction ≤ 40% and who are ACe-inhibitor 
intolerant. 

3. use of aldosterone blockade in postmyocardial infarction patients without significant renal 
dysfunction or hyperkalemia is recommended in patients who are already receiving therapeutic 
doses of an ACe inhibitor and beta-blocker who have left ventricular ejection fraction ≤ 40% 
and who have either diabetes or heart failure.

Class iia 1. it is reasonable to use ACe inhibitors in all other patients.
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 n The routine use of ACE-I in all other patients with 
CAD or CAD risk factors for vasculoprotective effects 
without another specific indication is debated. Older 
trials such as HOPE (16) and EUROPA (17) dem-
onstrated an approximate 20% risk reduction in CV 
events that was not solely dependent on blood pressure 
lowering effects. However, more recent data (18) are 
equivocal in terms of CV risk reduction with ACE-I.

Beta-Blockers

Key Points
 n Beta-blockers should be used in all patients with LV 

systolic dysfunction (Table 21.9).
 n Beta-blockers should be initiated and continued in 

patients with normal LV function post MI or ACS for 
3 years. Extending treatment beyond 3 years is a rea-
sonable consideration.

 n Using beta-blockers as chronic therapy in patients 
with stable coronary or other vascular disease can be 
considered. Although, this recommendation is based 
on consensus opinion of experts rather than random-
ized controlled trials.

Discussion
 n As discussed above in the BP control section, the use of 

beta-blockers in those without LV systolic dysfunction, 
angina, and a recent ACS event is controversial. They are 
excellent agents for improving anginal symptoms, but in 
stable patients without one of these concomitant factors, 
their value for improving clinical CV events is unclear.

 n In the 2006 ACC/AHA secondary prevention guide-
lines, the use of beta-blockers was recommended 
indefinitely in post-ACS patients as a Class I recom-
mendation. However, the updated guidelines in 2011 
reduced the Class I recommendation to 3 years post 
ACS, inasmuch as this was the time interval studied in 
clinical trials. Extending treatment beyond 3 years is 
now considered a Class IIa recommendation.

iii. other/aLternative theraPieS

influenza vaccination

Key Points
Patients with CV disease should have an annual influ-
enza vaccination (Table 21.10).

Discussion
 n Randomized controlled trials FLUVACS (19) and 

FLUCAD (20) evaluated the benefit of influenza vac-
cination post-acute-MI and in stable secondary pre-
vention patients. The studies demonstrated significant 
benefit in 1-year mortality and MACE events in those 
receiving the vaccine.

 n Based on these and other data, a science advisory 
from the ACC/AHA was released in 2006 emphasiz-
ing the importance of annual influenza vaccination in 
the secondary prevention of CAD (21). The advisory 
commented that “Influenza vaccination is now recom-
mended with the same enthusiasm as control of choles-
terol, blood pressure, and other modifiable risk factors.”

 n Immunization with live attenuated vaccine (admin-
istered intranasally) is not recommended for persons 
with CV conditions as it has not yet been approved for 
these patients (21).

depression

Key Points
 n There are no class I recommendations in this section 

(Table 21.11).
 n Although treatment of depression has not been 

shown to improve CV disease outcomes, it is reason-
able to screen patients with recent CABG or MI for 
depression for its other clinical benefits.

Table 21.9 Beta-Blockers

Class i 1. beta-Blocker therapy should be 
used in all patients with left ventricular 
systolic dysfunction (ejection frac-
tion ≤40%) with heart failure or prior 
myocardial infarction, unless contra-
indicated. (use should be limited to 
carvedilol, metoprolol succinate, or 
bisoprolol, which have been shown to 
reduce mortality.)

2. beta-Blocker therapy should be 
started and continued for 3 years in 
all patients with normal left ventricular 
function who have had myocardial 
infarction or ACS.

Class iia 1. it is reasonable to continue beta-
blocker beyond 3 years as chronic 
therapy in all patients with normal 
left ventricular function who have had 
myocardial infarction or ACS.

Table 21.10 influenza vaccination

Class i 1. Patients with Cv disease should 
have an annual influenza vaccination.
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Discussion
 n In 2008, the AHA published a science advisory 

regarding depression and coronary heart disease (22). 
This report recommended that patients with coronary 
disease be routinely screened in a variety of settings, 
and when depression is identified, they should be eval-
uated by a professional qualified in the diagnosis and 
management of depression. In addition, these patients 
should be carefully monitored for adherence.

 n There is some controversy about depression man-
agement in secondary prevention as there are no 
clinical trials demonstrating benefit of depression 
screening and treatment in clinical CV disease out-
comes (23).

 n However, randomized trials such as SADHEART 
(24) and CREATE (25) suggest that selective sero-
tonin reuptake inhibitors (SSRIs) seem to be safe 
in patients with CAD and can improve depressive 
symptoms.

Cardiac rehabilitation

Key Points
 n Cardiac rehabilitation is recommended for all of 

the following patients with atherosclerotic disease  
(Table 21.12):

 l Post-ACS
 l Post-PCI
 l Post-CABG
 l Chronic angina within the past year
 l Peripheral artery disease

Discussion
 n There is compelling evidence supporting the use of 

cardiac rehabilitation for secondary prevention such 
that the AHA elevated the referral and appropriate 
delivery of cardiac rehabilitation services to the level 
of performance measure in 2007 (26).

 n A recent meta-analysis confirms previously reported 
20% to 25% lower total and cardiac mortality rates in 
those undergoing exercise-based cardiac rehabilita-
tion compared to usual medical care (27).

hormone replacement therapy (hrt)

Key Points
 n HRT is currently not recommended for the secondary 

prevention of coronary artery disease in women (28).
 n Short-term HRT use may be considered for the treat-

ment of refractory postmenopausal symptoms after 
discussion of the risks and benefits with the patient.

Discussion
 n Initial data from observational studies were compel-

ling for the use of HRT for primary and secondary 
prevention of CAD which resulted in widespread use 
of HRT for these purposes. However, subsequent ran-
domized, placebo-controlled trials swung the pendu-
lum the other direction. Specifically the Heart Disease 
and Estrogen Replacement Study (HERS) reported 
no benefit of HRT on CV disease events in secondary 
prevention, with a signal for harm (29).

Summary

The 2011 ACC/AHA Secondary Prevention Guide-
lines and newer guideline documents outline several 
components that can effectively reduce recurrent 
CV risk in those with ASCVD. Smoking cessation 
is essential, and the 5 As (ask, advise, assess, assist, 
and arrange) should be followed at every visit. Goal 
blood pressure is < 140/90 mmHg with beta blockers 
and ACE inhibitors as first-line therapy. Virtually all 
patients with clinical ASCVD should be prescribed 
high-potency statin therapy regardless of LDL-C level. 

Table 21.11 depression

Class iia 1. for patients with recent coronary 
artery bypass grafting surgery or 
myocardial infarction, it is reasonable to 
screen for depression if patients have 
access to case management, in collabo-
ration with their primary care physician 
and a mental health specialist.

Table 21.12 Cardiac rehabilitation

Class i 1. All eligible patients with ACS or 
whose status is immediately post coro-
nary artery bypass surgery or post-PCi 
should be referred to a comprehensive 
outpatient Cv rehabilitation program 
either prior to hospital discharge or 
during first follow-up office visit.

2. All eligible outpatients with diag-
nosis of ACS, coronary artery bypass 
surgery, or PCi, chronic angina, and/
or peripheral artery disease within 
the past year should be referred for a 
comprehensive outpatient Cv rehabili-
tation program.

3. A home-based cardiac rehabilita-
tion program can be substituted for a 
supervised, center-based program for 
low-risk patients.
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A combination of at least 150 minutes of moderately 
intense physical activity and 75 minutes of vigorous 
activity weekly is also recommended. In addition to 
targeting a normal BMI (18.5–25kg/m2), waist cir-
cumference should also be evaluated at each visit.
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Unlike coronary heart disease, the vast majority of 
heart failure research efforts to date have focused 
on treatment rather than prevention. Considering the 
increasing elderly proportion in the population and 
the projected epidemiology of heart failure in the 
 intermediate-term future, a more focused effort on 
prevention is needed.

Heart Failure ePidemiology

Over 5.5 million Americans have heart failure and 
more than 650,000 are diagnosed each year (1). 
Patients with impaired versus preserved left ventricu-
lar ejection fraction each comprise about half of the 
overall heart failure population (2). Heart failure is 
related to 12 to 15 million office visits and 6.5 million 
hospital days annually. Patients are prone to rehospi-
talizations, with readmission rates near 50% within 
six months of discharge. The total direct and indi-
rect cost  of heart failure in the United States exceeds 
$30  billion (3). Outcomes remain suboptimal, with 
only approximately 50% of patients surviving five or 
more years after diagnosis (4). There have been no 
major advances in therapy for patients with heart fail-
ure and preserved ejection fraction or those hospital-
ized for acute heart failure. The prevalence of heart 
failure is expected to increase, owing to an aging pop-
ulation and the increasing prevalence of cardiovascu-
lar risk factors, for example, diabetes. Heart failure 
is more common in the elderly, and 80% of patients 
hospitalized with heart failure are over 65 years old.

risk Factors

There are many known risk factors for heart failure. 
Age, gender, and socieoeconomic status are associ-
ated with risk, as are lifestyle factors such as physi-
cal inactivity, coffee consumption, increased salt 
intake, and excessive alcohol intake (5). Hyperten-
sion and coronary artery disease are the most com-
mon and strongest risk factors, conferring a two- to 
threefold increased risk (1). Laboratory abnormalities 
such as dyslipidemia, anemia, and renal dysfunction 
all predispose individuals to heart failure (6). Multi-
ple medications, including chemotherapeutic agents, 
are associated with heart failure. Cyclooxygenase-2 
inhibitors may increase risk of myocardial infarction, 
and thiazolinediones are associated with precipitation 
of heart failure (4). There is also growing interest in 
the genomic predictors of heart failure.

risk Prediction

Although many individual risk factors for heart failure 
(eg., hypertension) are well described, how to quantify 
individual risk in patients with various combinations 
of risk factors is unclear. Multiple risk factor predic-
tion schemes such as the Framingham Risk Score have 
been developed for coronary events. Recently, the 
Health ABC Heart Failure Risk Model was developed 
using the data from 2,935 individuals participating in 
the Health ABC Study. Using individual predictors 
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control and physical activity as well as attention to 
risk factors such as hypertension, diabetes mellitus, 
sleep disorders, and components of the metabolic syn-
drome (4). Even minor weight loss is efficacious. A 
10% weight reduction ameliorates systolic dysfunc-
tion, and greater weight loss produces a significant 
decrease in left ventricular dimensions, mass index, 
and filling pressures, and improves systolic and dia-
stolic function (4).

Sedentary Lifestyle
Physical inactivity is an important risk factor for heart 
failure (1). Regular physical activity is a central com-
ponent of weight reduction and weight maintenance, 
improved lipoprotein profile, and reduced risk of hyper-
tension, diabetes mellitus, and coronary artery disease 
(10). However, integration of physical activity into 
the daily lives of the population has proved challeng-
ing. Currently, the recommendations of the American 
 College of Sports Medicine and the American Heart 
Association for adults aged 18 to 65 years include (11):

a.  Aerobic Activity: Moderate-intensity aerobic phys-
ical activity for a minimum of 30 min on five days or 
vigorous-intensity aerobic activity for a minimum of 
20 min on three days each week.
b. Muscle-Strengthening Activity: 8 to 10 exercises 
should be performed on two or more nonconsecutive 
days each week using the major muscle groups. To 
maximize strength development, a resistance (weight) 
should be used that allows 8 to 12 repetitions of each 
exercise resulting in volitional fatigue.
c. Activity Dose: Vigorous-intensity activities may 
have greater benefit than moderate-intensity physical 
activity.

Alcohol Consumption
Excessive alcohol consumption is associated with alco-
holic cardiomyopathy (2). Interestingly, other data are 
consistent with possible benefits of moderate alcohol con-
sumption on the risk of heart failure. Studies have reported 
a 34% to 57% lower risk of heart failure in patients who 
consume alcohol at moderate levels (2). Beneficial effects 
of alcohol have also been reported for hypertension, myo-
cardial infarction, and diabetes mellitus.

Dietary Habits
In the Dietary Approaches to Stop Hypertension 
(DASH) diet, individuals are encouraged to consume 
more (a) fruits and vegetables; (b) grains and grain 
products; (c) lean meats, fish, and poultry; (d)  low-fat 
or nonfat dairy foods; and (e) nuts, seeds, and legumes; 
and reduce the consumption of red meat, fat, and 
sugar while maintaining a low sodium intake. Initially,  

of heart failure, a simple point score was created to 
predict incident heart failure risk  into 4 risk groups. 
The model predicted risk equally well in both men and 
women, and in white and black races.

cHallenges in risk Prediction

Assessing an individual’s risk for developing heart 
failure is challenging. It is a clinical diagnosis that 
is prone to diagnostic uncertainty. The most com-
mon clinical criteria used to diagnose heart failure 
are the Framingham criteria that require the presence 
of at least two major criteria, or one major and two 
minor criteria (7) (major criteria: paroxysmal noctur-
nal dyspnea, neck vein distension, rales, radiographic 
cardiomegaly, pulmonary edema, S3 gallop, central 
venous pressure >16 cm H

2
O, circulation time ≥25 

seconds, hepato-jugular reflux, or congestion or car-
diomegaly at autopsy; minor criteria include ankle 
edema, nocturnal cough, dyspnea on ordinary exer-
tion, hepatomegaly, pleural effusion, one third reduc-
tion of maximum vital capacity, and heart rate >120 
beats/minute). These are, however, inconsistent with 
other criteria, such as the Cardiovascular Health Study 
criteria (8). Diagnosis of heart failure with preserved 
ejection fraction is especially challenging (9).

risk modulation

Currently, heart failure risk modulation is targeted at 
individual risk factors. This section describes known 
interventions that directly or indirectly reduce the risk 
for incident heart failure.

lifestyle

Healthy weight, avoiding smoking, exercise, and a 
healthy diet reduce heart failure risk factors such as 
coronary disease, diabetes mellitus, and hypertension. 
One study reported a 21.3% risk of heart failure in 
men adhering to none of these habits and a 10.1% risk 
in men adhering to 4 or more of them (10).

Obesity
Body mass index is associated with heart failure in a 
positive and linear fashion in both sexes and obesity 
is associated with an increased risk for heart failure 
(1). BMI and waist circumference similarly predict 
incident heart failure (40). The principal approach to 
risk reduction in obese patients should include weight 
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this was promoted for hypertension; however, recent 
evidence supports reduction of heart failure risk with 
an observed 37% lower rate in women who adhere to 
the DASH diet (12). The DASH diet may contribute 
to heart failure prevention by reducing blood pres-
sure and coronary heart disease (2). The DASH diet 
reduces low-density lipoprotein cholesterol levels 
and oxidative stress, and exerts beneficial physiologic 
effects such as estrogenic effects of phytochemicals 
(1). The U.S. Department of Health and Human Ser-
vices and Department of Agriculture recommend 
that adults consume no more than 2,300 mg per day 
of sodium. Individuals with hypertension, middle-
aged and older adults, and blacks should consume no 
more than 1,500 mg per day of sodium. There is over-
whelming evidence for a causal relationship between 
salt intake and blood pressure (2).

Smoking
Smoking is a strong predictor of heart failure in both 
men and women, with 45% and 88% increased risk, 
respectively (2). The deleterious effect of tobacco 
seems to be independent of the form of use; increased 
risk for cardiovascular diseases is reported in non-
smoking use of tobacco (13). There is no “safe” level 
of smoking; a single cigarette may stiffen the left ven-
tricle, and as few as 1 to 4 cigarettes a day doubles the 
risk of myocardial infarction (2). Mechanisms leading 
to heart failure in smokers include indirect effects, that 
is, by causing or aggravating comorbidities that are 
related to heart failure, as well as direct effects on the 
myocardium (14).

All smokers should be counseled to quit. Cur-
rent recommended strategies include:

1. Medications: Several medications are available 
for tobacco dependence. Seven first-line medications 
reliably increase long-term smoking abstinence rates 
including bupropion SR, nicotine gum or inhaler or 
lozenge or nasal spray or patch, and varenicline.
2. Counseling and Psychosocial Support: Individual, 
group, and telephone practical counseling and social 
support are effective, and their effectiveness increases 
with treatment intensity.
3. Combination: The combination of counseling and 
medications is more effective than either alone and 
clinicians should encourage all individuals attempting 
to quit to use both counseling and medication.

HyPertension

Hypertension is an antecedent condition in the major-
ity of individuals who develop heart failure (2). By age 

75, almost all hypertensive individuals have isolated 
systolic hypertension (15). Diastolic blood pressure 
is a more potent cardiovascular risk factor than sys-
tolic blood pressure until age 50 and thereafter systolic 
blood pressure becomes more important (16). Clini-
cal trials have shown that controlling systolic hyper-
tension reduces heart failure rates (2). The population 
attributable risk of hypertension for heart failure in 
the general population is reported to be 39% in men 
and 59% in women by the Framingham investigators 
(17), whereas population attributable risk of uncon-
trolled blood pressure in the elderly was reported to 
be 21.3% in whites and 30.1% in blacks in one study 
(3). The lifetime risk for heart failure doubles in sub-
jects with blood pressure ≥160/100 compared to those 
with <140/90 mmHg. This gradient of risk is seen in 
both sexes in every decade of life from 40 to 70 years 
(1). Clinical trials have demonstrated the benefit of 
antihypertensive therapy in reducing the incidence of 
cardiovascular disease (18), and a few studies have 
specifically focused on prevention of left ventricular 
hypertrophy and development of heart failure.

Antihypertensive Medications

a. Diuretics: Secondary outcomes of the Antihy-
pertensive and Lipid-Lowering Treatment to Prevent 
Heart Attack Trial reported a higher rate of incident 
heart failure with amlodipine and a nonsignificant 
increase with lisinopril compared with chlorthalidone. 
The Joint National Commission 7 recommend that in 
the absence of any other compelling indications, thi-
azide diuretics should be used as initial therapy for 
hypertension.
b. Renin–angiotensin system modulators: Meta- 
analysis of double-blind trials that measured the effects 
of antihypertensive drugs on left ventricular mass 
show that the greatest reduction was achieved with 
angiotensin receptor blockers. A recent meta-analysis 
on renin–angiotensin system inhibition showed that 
these agents reduce the risk for heart failure by 19% 
compared with calcium channel blockers (19).
c. Beta-blockers: Although beta-blockers are effec-
tive in lowering blood pressure, they are less effective 
in preventing complications such as coronary artery 
disease and cardiovascular and all-cause mortality, 
and in reducing left ventricular mass (20). However, 
a recent a meta-analysis suggested that beta-blockers 
are efficacious for primary prevention of heart fail-
ure in hypertension and have a similar benefit in the 
elderly and younger individuals when compared with 
other agents (20).
d. Calcium channel blockers: There are limited exper-
imental data on the effects of calcium antagonists on 
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medications was reported in ADOPT and the findings 
were similar as for sulfonylureas (24).
d. Thiazolidinediones: Although treatment with thia-
zolidinediones increased myocardial glucose uptake, 
and myocardial glucose uptake seems to be positively 
correlated with left ventricular function, the Rosigli-
tazone Evaluated for Cardiac Outcomes and Regu-
lation of Glycaemia in Diabetes (RECORD) study 
indicated that thiazolidinedione use is associated with 
a small but clinically relevant increased risk of heart 
failure (25).
e. Other agents: The available evidence suggests that 
the alpha-glucosidase inhibitor acarbose may decrease 
the risk of myocardial infarction (26). 

Glucose Control
In the United Kingdom Prospective Diabetes Study 
(UKPDS) 33, no significant reduction in the develop-
ment of macrovascular disease or heart failure was 
demonstrated with intensive blood glucose control (23).

Blood Pressure Control
Because hypertension increases the risk of cardio-
vascular disease and heart failure in patients with 
diabetes, aggressive blood pressure management is 
essential to prevent long-term complications in this 
population. In UKPDS 38, tight blood pressure con-
trol reduced the risk for heart failure by 56% (27). 
The Seventh Report of Joint National Commission 
on Prevention, Detection, Evaluation, and Treatment 
of High Blood Pressure (JNC 7) recommended more 
aggressive blood pressure control (target blood pres-
sure <130/80 mmHg) in patients with diabetes (28). 

Targeting Underlying Mechanisms
Medications such as ACEI, ARB, and beta-blockers 
benefit patients with diabetes and prevent complica-
tions of diabetes including heart failure. Trials have 
shown that treatment with ACEI reduces the relative 
risk for new onset heart failure and that the benefit of 
ACEI for heart failure prevention is sustained over time 
(4). Other studies have shown that treatment reduces 
the frequency of hospitalization for heart failure.

coronary Heart disease

Coronary heart disease confers an increased risk of 
developing heart failure in both men and women, with 
reported population attributable risks ranging from 
62% in men to 56% in women (29) and from 23.9% in 
whites to 29.5% in blacks as reported in one study (4). 
Advances in the treatment of myocardial infarction 

left ventricular mass or incident heart failure. A recent 
meta-analysis suggested that treatment of hyperten-
sion with calcium channel blockers is less effective 
for reducing heart failure for the same reduction of 
blood pressure (18).

Target Goals of Therapy
In patients with hypertension, systolic and diastolic 
blood pressure targets are <140/90 mmHg except 
for patients with diabetes where the goal has been 
recently revised to <140/80 mmHg. Because most 
patients with hypertension, especially those over age 
50, will reach the diastolic blood pressure goal once 
systolic blood pressure is at goal, the primary focus 
should be on systolic blood pressure. Recent trials 
have demonstrated that the majority of patients will 
require a combination of two or more medications (1). 
Data from a recent randomized trial evaluating the 
effect of usual versus tight control of systolic blood 
pressure (<130 mmHg) in nondiabetic hypertensive 
individuals with left ventricular hypertrophy demon-
strated additional benefit with tighter control (18).

diabetes mellitus

Diabetes mellitus is an independent risk factor for 
heart failure in all age groups (21). The relative risk 
for heart failure among patients with diabetes melli-
tus ranges from 1.3 to 2.7, increasing to 4 in patients 
younger than 65 years and 11 in those younger than 
45 years. Comorbidities associated with heart fail-
ure, including obesity, hypertension, and coronary 
artery disease, are highly prevalent among individu-
als with diabetes mellitus. Insulin resistance itself 
may produce abnormalities in cardiac structure and 
function (22).

interventions

Medications

a. Insulin: Randomized controlled trials suggest that 
insulin use in ACC-AHA stage A heart failure does 
not appear to increase the risk for heart failure (23). 
Whether insulin use reduces the risk for heart failure 
is not known.
b. Sulfonylureas: Sulfonylurea therapy does not 
increase the risk of heart failure compared with other 
oral antidiabetic agents (24).
c. Metformin: The risk of new onset heart failure 
among patients treated with metformin compared 
with patients treated with other oral antidiabetic 
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procedures can prevent development of symptomatic 
heart failure in coronary heart disease. The combina-
tion of medications and lifestyle changes should be 
applied aggressively in all patients to reduce the risk 
of heart failure.

Revascularization
Mechanical (percutaneous or surgical) or pharmaco-
logical revascularization of the infarct-related artery 
reduces the size of the acute infarct and prevents sub-
sequent heart failure (33) if performed early enough 
for myocardial salvage. In addition, the “open artery 
hypothesis” proposes that late reperfusion, beyond the 
window for myocardial salvage, also reduces left ven-
tricular remodeling (34).

Angiotensin-Converting Enzyme Inhibitors
Angiotensin-converting enzyme inhibitors have favor-
able properties in reducing left ventricular stress and 
progression of left ventricle enlargement. Early ACEi 
therapy in acute infarction has been shown to reduce 
mortality and left ventricular dysfunction above that of 
aspirin, thrombolytics, and beta-adrenergic blocking 
agents alone. The Heart Outcomes Prevention Evalu-
ation study demonstrated a 23% reduction in risk for 
heart failure by ramipril in individuals with established 
vascular disease (35), expanding the indication for 
angiotensin-converting enzyme inhibitor therapy to 
all patients with documented coronary heart disease, 
presumed coronary heart disease based on presence of 
other atherosclerotic vascular disease, or diabetes.

Angiotensin–Receptor Blockers
Angiotensin–receptor blockers are at least equally 
effective as angiotensin-converting enzyme inhibi-
tors in reducing mortality in patients with myocardial 
infarction complicated by left ventricular dysfunction 
or heart failure (29). However, because the overall 
evidence for the effectiveness of angiotensin–receptor 
blockers on prevention and attenuation of postmyocar-
dial infarction left ventricular remodeling is weaker 
compared with angiotensin-converting enzyme inhibi-
tors, they may be limited to individuals who do not 
tolerate angiotensin-converting enzyme inhibitors.

Beta-Blockers
It is well established that beta-blockers are beneficial 
after acute myocardial infarction. Notably, long-term 
beta-blocker use is recommended for secondary pre-
vention in patients at highest risk, for example, those 
with low ejection fraction or heart failure (36). The 
Reversal of Ventricular Remodeling with Toprol-XL 
(REVERT) trial provides further evidence that using 
beta-blockers to treat asymptomatic left ventricular 

has led to increasing numbers of patients surviving 
with residual myocardial damage and may be partially 
responsible for the increase in heart failure incidence 
among men (5).

acute myocardial infarction

Acute myocardial infarction leads to a cascade of 
adaptive mechanisms that promote left ventricular 
remodeling. Ventricular remodeling may continue 
for weeks or months until the distending forces are 
counterbalanced by the tensile strength of the collagen 
scar; this balance then determines the size, location, 
and transmurality of the infarct, the extent of myo-
cardial stunning, ventricular loading conditions, and 
local trophic factors (29). Reperfusion therapy helps 
prevent infarct progression but is associated with the 
generation of reactive oxygen species, local inflam-
matory and oxidant response to reperfusion, and open-
ing of the mitochondrial permeability transition pore 
that extends infarct size beyond that observed dur-
ing equivalent periods of ischemia alone (30). Thus, 
reperfusion injury is a possible target for interventions 
to reduce myocardial damage.

chronic coronary artery disease

Ischemia caused by abnormalities in coronary arteries 
can produce increases in the concentration of neuro-
hormones, for example, norepinephrine, epinephrine, 
endothelin, and dopamine, that results in myocardial 
apoptosis, fibrosis, and susceptibility to ventricular 
arrhythmias. Thus, ischemia contributes to the pro-
gression of left ventricular systolic dysfunction even 
in the absence of a manifest infarct event. Chronic 
ischemia can result in hibernation or stunning with 
further progressive decline in ventricular function. 
These adaptive–protective mechanisms may result 
in hypocontractile myocardium and contribute to 
left ventricular systolic dysfunction (31). Moreover, 
myocardial ischemia induces diastolic dysfunction 
through alteration of the myocardial passive compli-
ance from scarring, fibrosis, and compensatory hyper-
trophy of noninfarcted myocardium (32).

interventions

Prevention of coronary heart disease and ischemic 
events is essential to maintaining functional myocyte 
reserve. In patients with established coronary heart 
disease, a number of cardioprotective medications and 
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Aldosterone Antagonists
Spironolactone combined with angiotensin-converting 
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Antiplatelet Agents
Aspirin in patients with established vascular disease 
has been demonstrated to reduce risk for cardiovascu-
lar events and heart failure and is recommended after 
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summary

Considering the prevalence and worsening epidemi-
ologic trends, costs of care, quality of life, and out-
comes for heart failure patients, a focus on prevention 
is essential. This will require efforts ranging from 
advocacy to research. Population-level interventions 
at risk factor prevention and adoption of healthy life-
style habits are necessary to promote cardiovascular 
health and reduce heart failure risk. The American 
Heart Association has now defined a 2020 goal that 
includes not only achieving reductions in mortal-
ity due to cardiovascular diseases, but improving 
the health of the population based on a comprehensive 
metric that includes multiple healthy lifestyle parame-
ters. Whether treatment goals of heart failure risk fac-
tors should be individualized based on a cumulative 
risk profile still needs further study.
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Prevention of Ischemic Stroke

branches being the middle cerebral and the anterior 
cerebral arteries on each side. The posterior circu-
lation consists of the vertebral arteries, the basilar 
artery, and their branches. The posterior circulation 
supplies the brain stem and the cerebellum, as well as 
the posterior portion of the cerebral hemispheres and 
the thalamus bilaterally.

 n Small vessel (arterial) disease is the mechanism 
in approximately 25% of ischemic strokes (2,3). 
This is due to occlusion of small penetrating arter-
ies and arterioles, typically arising from middle 
cerebral or basilar arteries. Acute occlusion of 
small arteries and arterioles (chronically affected 
by hypertension as well as diabetes and athero-
sclerosis) leads to small deep infarctions affecting 
basal ganglia, thalamus, internal capsule, pons, or 
subcortical white matter, and often is associated 
with lacunar syndromes. The latter include pure 
motor hemiparesis (ie, weakness without sensory 
loss) and pure sensory stroke (ie, sensory loss 
without weakness). Chronic injury to these small 
vessels can also lead to an acute rupture and an 
intracerebral  hemorrhage (ICH).

 n Cardioembolic disease (approximately one-third of 
ischemic strokes):

 l Embolism due to atrial fibrillation
 l Embolism due to valvular heart disease such 

rheumatic valvular disease
 l Embolism due to ischemic or dilated 

cardiomyopathy
 l Septic embolism due to bacterial endocarditis
 l Paradoxical embolism, in which a venous throm-

bus leads to cerebral embolism via a right-to-left 
shunt such as a patent foramen ovale (PFO).

The incidence of new and recurrent stroke in the 
United States is 795,000 per year. Stroke is one of 
the leading causes of disability in adults and the 
4th leading cause of mortality (1). Strokes can be 
either ischemic or hemorrhagic. Ischemic strokes 
occur in approximately 87% of all stroke patients 
while hemorrhagic strokes include primary intra-
cerebral hemorrhage (10% of stroke patients) and 
subarachnoid hemorrhage (3% of stroke patients) 
(1). Our focus in this chapter will be on ischemic 
stroke, which may be due to one of the following 
mechanisms:

 n Atherosclerotic cerebrovascular disease: This con-
stitutes approximately 20% of ischemic strokes (2,3).
Extracranial atherosclerotic disease occurs most typi-
cally at the bifurcation of the internal carotid arteries, 
as well as the more proximal segments of vertebral 
arteries or in the aortic arch (which may produce 
embolism to the carotid or vertebral arterial system). 
Subclavian artery atherosclerotic disease proximal to 
the origin of the vertebral artery may cause subclavian 
steal syndrome and ischemic stroke in the vertebro-
basilar system. The mechanism of stroke in athero-
sclerotic disease is either (a) cerebral hypoperfusion 
due to stenosis and reduced flow, with or without 
superimposed thrombosis of the vessel; or (b) embo-
lism caused by atherosclerotic plaque rupture, or 
embolization of superimposed thrombus. Intracranial 
atherosclerotic disease can involve the anterior and 
posterior circulation arteries. The anterior circula-
tion, supplying the majority of the two cerebral hemi-
spheres, consists of the intracranial portions of the 
internal carotid arteries and its branches, the main 
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45 to 84 years, women have lower incidence of 
stroke than men; however, the opposite is true after 
the age of 85, when stroke incidence is higher in 
women (1).

 l Race-Ethnicity: African Americans and Hispanics 
have higher rates of all stroke types and higher mortal-
ity rates than whites (4).

 l Genetics: Positive family history increases 
stroke risk; specific conditions include thrombo-
philia and spontaneous arterial dissections.

 n Modifiable risk factors:
 l Hypertension: Hypertension is one of the most 

important modifiable stroke risk factors. Even 
throughout normal blood pressure range, begin-
ning at systolic pressure of 115 mmHg, higher 
blood pressure increases stroke risk. Many clini-
cal studies have shown that pharmacologic treat-
ment of hypertension reduces the risk of primary 
stroke, with a risk reduction of 32% to 42%. The 
benefits of antihypertensive treatment in primary 
stroke prevention have also been shown for the 
elderly (4). Antihypertensive treatment lowers 
the risk of recurrent stroke. Various clinical stud-
ies have shown benefit from different groups of 
antihypertensive agents in the primary prevention 
and secondary prevention; however, calcium chan-
nel antagonists appear to be particularly useful for 
long-term blood pressure management in stroke 
prevention and a target systolic blood pressure 
below 130 mmHg is reasonable for most patients 
(5,9). Of note, there is evidence that suggests ben-
efit from antihypertensive treatment with angioten-
sin receptor blockers and angiotensin converting 
enzyme inhibitors in diabetic patients with micro-
albuminuria (4).

 l Diabetes mellitus: Diabetes mellitus inde-
pendently increases vascular risk factors such 
as hypertension and dyslipidemia. The North 
Manhattan Study (NOMAS) showed that diabetic 
patients with fasting blood glucose >126 mg/dL 
had an increased risk of stroke compared to those 
with lower levels, and standard glycemic control 
of diabetes is appropriate for stroke prevention 
purposes. Note that clinical studies have shown 
no significant reduction of stroke for patients with 
intensive glycemic control compared to less inten-
sive glycemic control regimens (4,10,11).

 l Smoking: Smoking is a major independent risk 
factor for stroke, doubling the risk when compared 
to nonsmokers. Smoking increases risk and pro-
gression of atherosclerosis and the risk includes 
active and passive smoking (environmental expo-
sure to cigarette smoking). Cessation of smoking 

 n Atypical mechanisms (<5%):
 l Carotid or vertebral artery dissection with stroke 

caused by hypoperfusion or embolism
 l Cerebral venous thrombosis
 l Thrombophilia
 l Vasculitis (primary CNS vasculitis or systemic 

vasculitis with secondary CNS involvement)
 l Migraine-associated stroke

 n Cryptogenic stroke: This is stroke without an iden-
tifiable underlying mechanism despite a thorough 
work-up. Prolonged cardiac monitoring may be ben-
eficial in this subgroup of patients, in order to identify 
paroxysmal atrial fibrillation as a possible mechanism.

ClInICal PreSentatIon

Patients with stroke present with acute (sudden) 
onset neurologic symptoms and signs, typically the 
following:

 n Unilateral (hemiparesis) limb weakness
 n Unilateral facial weakness
 n Unilateral sensory impairment
 n Difficulty expressing and/or understanding lan-

guage (aphasia)
 n Slurred speech or difficulty producing speech 

(dysarthria)
 n Vision loss, unilateral or bilateral
 n Vertigo (spinning sensation) usually combined with 

impaired balance
 n Impaired limb coordination with clumsiness (limb 

ataxia)
 n Double vision (diplopia)
 n Confusion
 n Altered level of consciousness
 n Headache, variably present
 n Seizure

PrImary and SeCondary  
Stroke PreventIon

Primary and secondary stroke prevention starts by 
identifying risk factors for stroke. These risk factors 
may or may not be modifiable:

 n Nonmodifiable risk factors:
 l Age: The risk of stroke doubles for each succes-

sive decade after the age of 55 years (4).
 l Gender: Lifetime risk of stroke is higher in 

women than in men (1of 5 women versus 1 out of 
6 men). However, age-adjusted incidence of stroke 
is lower in women than men. For the age range 
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of CEAs needed to treat is estimated at 40 cases 
in order to prevent one stroke over five years. 
Asymptomatic carotid stenosis has a more benign 
course than symptomatic disease. Therefore cau-
tion should be applied in these patients and each 
case should be individualized (4).

 l Timing of CEA and patient selection: Best 
benefit from CEA in stroke prevention is achieved 
when surgery is performed between day 2 to day 14 
after occurrence of stroke or TIA. Moreover, addi-
tional recommendations include CEA in severe 
carotid stenosis diagnosed by noninvasive imag-
ing in patients with TIA or ischemic stroke within 
the preceding 6 month period. The decision for 
CEA should be based on gender, age, and existent 
comorbidities. For example, women tend to have 
higher surgical mortality, less favorable outcome, 
and higher neurologic morbidity and recurrent 
carotid stenosis compared to men. Carotid artery 
stenting may be an alternative to CEA, performed 
in patients who are not surgical candidates due to 
inability to access severe symptomatic carotid ste-
nosis, or when risk of surgery is high (4,10).

 n Atrial fibrillation: Atrial fibrillation is associated 
with a 4- to 5-fold increased risk of ischemic stroke. 
Atrial fibrillation is estimated to be present in 2.3 
million Americans. It accounts for 10% of all isch-
emic strokes and a higher proportion in the elderly. 
Mechanism of ischemic stroke is cerebral embolism 
from thrombi in the left atrial appendage. CHADS2 
score assesses the risk of ischemic stroke in relation 
to atrial fibrillation, whether paroxysmal (excluding a 
single brief one episode of atrial fibrillation in rela-
tion to reversible cause) or persistent atrial fibrillation. 
Each of the most potent independent risk factors for 
stroke in atrial fibrillation is given a score: conges-
tive heart failure (“C”), hypertension (“H”), age >75 
years (“A”), presence of diabetes mellitus (“D”), and 
the presence of TIA or stroke (“S”), and then adding 
the numbers assigned to each risk factor (score of 
1 for each of these risk factors except prior TIA or 
stroke which gets a 2 score) to obtain the CHADS2 
score. CHADS2 score ≥ 2 reflects substantial risk for 
stroke (1.9%–7.6% per year) and should be treated 
with anticoagulation for either primary of secondary 
stroke prevention (4,10,19).

 l Treatment with adjusted dose warfarin provides 
64% relative risk reduction against stroke if the 
anticoagulant is adequate (INR 2–3) and reduces 
all-cause mortality by 26%. Anticoagulation has 
also been found to reduce stroke severity and stroke 
mortality. Warfarin and newer anticoagulants have 
been approved for the prevention of stroke in 
nonvalvular atrial fibrillation. Each of the newer 

and avoidance of environmental exposure to smok-
ing should be recommended to patients. The risk of 
stroke decreases after cessation of smoking but does 
not fully normalize to nonsmoker levels (4,10).

 l Dyslipidemia: Total cholesterol has generally 
been found to be associated with higher risk of 
ischemic stroke. There is a consistent association 
between elevated cholesterol levels and carotid 
artery atherosclerosis. In contrast, most stud-
ies have shown an increased association between 
lower cholesterol and increased risk of hemor-
rhagic stroke (ICH). The majority of epidemiologi-
cal studies show an association between high HDL 
and lower incidence of stroke, and several studies 
have suggested that there is an increased risk of 
ischemic stroke in association with a high non-
fasting triglyceride level. Treatment with statins 
reduces the risk of stroke in patients with athero-
sclerosis or with risk factors for atherosclerosis. 
Mechanisms by which statins help include their 
role in reducing LDL-C levels, reducing inflam-
matory changes in the atherosclerotic plaque, and 
antithrombotic effects. Higher dose statins have 
more pronounced effects on mechanisms other 
than cholesterol lowering. Nevertheless, stroke 
prevention correlates best with effectiveness in 
lowering lipid levels, and effectiveness is uncer-
tain for stroke prevention with lipid lowering by 
agents other than statins. Treatment strategies with 
lipid reduction are based on ten year vascular risks 
(4,10,12–16). Lifestyle modifications and pharma-
cological therapy with statins for secondary pre-
vention are discussed later in this chapter.

 n Carotid artery disease:
 l Severe symptomatic carotid stenosis (>70%): 

Multiple major randomized clinical trials showed 
significant benefit of carotid endarterectomy 
(CEA) in secondary stroke prevention in patients 
with severe internal carotid artery stenosis with 
ipsilateral ischemic stroke or transient ischemic 
attack (TIA). For mild <50% stenosis there was 
no benefit of CEA (17,18,4,10).

 l Moderate symptomatic carotid stenosis: 
Patients who have moderate degree of symptom-
atic stenosis (50%–69%) may benefit from CEA 
but the magnitude of benefit is less than for severe 
stenosis. To prevent one stroke over a five year fol-
low-up, 15 patients would have to undergo CEA; 
therefore, benefits and risks should be carefully 
considered, making sure that estimated periopera-
tive mortality and morbidity are <6% (10).

 l Asymptomatic carotid artery stenosis >60%: 
Although there is some benefit of CEA in reduc-
ing stroke in asymptomatic disease, the number 
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a diet rich in vegetables, fruits, whole grains, low-
fat dairy products, poultry, fish, legumes, nontropical 
vegetable oils, and nuts. Patients are recommended 
to restrict intake of sweets, sugar-sweetened bever-
ages, and red meat. This may be achieved by either 
the DASH or AHA diets. Restriction of dietary satu-
rated fat intake from 14% to 15% of calories to 5% 
to 6% of calories lowers both LDL and HDL, but 
is beneficial because the effect on LDL is greater. 
Reducing intake of trans-fatty acids is also impor-
tant in lowering LDL-C. Physical activity has also 
been shown to lower blood pressure as well as lower-
ing LDL-C. Adults are advised to engage in aerobic 
physical activity of 3 to 4 sessions a week lasting on 
average 40 minutes per session and with moderate to 
vigorous intensity physical activity (16).

PharmaCologIC treatment for 
SeCondary Stroke PreventIon

antithrombotic therapy  
in Cerebrovascular disease

The role of antithrombotic treatment in stroke preven-
tion is mainly in secondary prevention. The approved 
antiplatelet treatments for secondary prevention of 
stroke are the following:

1. Aspirin: The relative risk reduction of stroke has 
been shown to be 15% when aspirin is used in second-
ary prevention of stroke, with the magnitude of benefit 
similar at dose range between 50 and 1,500 mg dose. 
There is a higher risk of GI bleeding and hemorrhagic 
stroke with higher doses of aspirin, so it is sufficient to 
use a lower dose of aspirin such as 81 mg daily (10).
2. The combination of aspirin and extended-release 
dipyridamole, 25mg/200mg twice a day has been 
shown to be at least as effective if not more effec-
tive than aspirin alone in secondary stroke preven-
tion. Dipyridamole inhibits phosphodiesterase and 
augments prostacyclin-related platelet aggregation 
 inhibition (10).
3. Clopidogrel: Clopidogrel is as effective as the com-
bination of extended-release dipyridamole 200mg/ 
aspirin 25mg BID treatment. The risk of gastrointes-
tinal bleeding tends to be less with clopidogrel com-
pared to aspirin treatments (10).

There are novel platelet agents being inves-
tigated in secondary prevention of stroke such as 
cilostazol and ticagrelor. Choice of platelet treat-
ment depends on patient characteristics including 
tolerance of specific agents or comorbid illness. Side 

agents has been compared head to head to warfarin 
in randomized placebo controlled blinded stud-
ies: dabigatran (thrombin inhibitor) versus warfa-
rin; rivaroxaban (anti-factor Xa) versus warfarin; 
apixaban (anti-factor Xa) versus warfarin. These 
new agents are not inferior to warfarin in stroke 
prevention in atrial fibrillation, are associated with 
a smaller risk of ICH when compared to warfarin, 
but lack standard means for reversal of effects. 
Ongoing studies are addressing reversal agents. 
Warfarin, on the other hand, should be titrated to 
a goal INR of 2 to 3, which mandates frequent 
follow-up. The novel antithrombotic agents have 
a standard dose without a need to follow up with 
laboratory testing (4,10,19,24).

 l To summarize, detection and screening for atrial 
fibrillation starts in the primary care setting. The 
decision for type of antithrombotic treatment is 
influenced by estimated risk of stroke in associa-
tion with atrial fibrillation, bleeding risk during 
such therapy, and access to good monitoring of 
anticoagulation. This decision should be individu-
alized to each patient. Anticoagulant treatment 
is superior to platelet therapy and is usually pre-
ferred for patients who have moderate to high risk 
of stroke based on CHADS2 score (≥2). Patients 
who have mild risk with CHADS2 of 0 or 1 may be 
placed on platelet treatment alone. Given the dev-
astating nature of stroke due to atrial fibrillation, 
and the high preventability of these strokes with 
anticoagulation, strong preference for anticoagula-
tion is advised for patients with CHADS2 scores 
of 2 or higher.

 n Other cardiac conditions: Patent foramen ovale 
(PFO) is present in approximately 25% of the popula-
tion. The potential mechanism of stroke in association 
with a PFO is paradoxical embolism from a venous 
source which traverses the PFO. If paradoxical embo-
lism is shown to be the cause of a patient’s stroke and 
with venous thrombus found in the presence of a PFO, 
anticoagulation should be initiated. In general, how-
ever, there is no advantage of anticoagulation when 
compared to platelet medications for patients with 
cryptogenic stroke and PFO. PFO closure in sec-
ondary stroke prevention remains of unproven value 
(4,10).

 n Lifestyle: Reducing sodium intake generally low-
ers blood pressure, and it has been found that reduc-
ing sodium intake by approximately 1,000 mg per day 
reduces cardiovascular events by 30%. Accordingly 
the 2013 AHA/ACC lifestyle management guideline 
recommends consuming no more than 2,400 mg per 
day of sodium. LDL lowering may be established by 
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recommended. Obstructive sleep apnea is common 
in stroke patients, and treatment may improve stroke 
outcome and should be implemented. Obesity and 
metabolic syndrome may pose a risk for stroke, and 
dietary modification and exercise are critical (4,10).

Summary

Primary stroke prevention should be emphasized to 
patients and starts at the level of primary care, focus-
ing on presence of modifiable and nonmodifiable 
risk factors. Education of patients at risk for stroke 
includes alerting them to signs and symptoms of 
stroke, and addressing risk factors including lifestyle 
and dietary changes, abstinence from smoking, and 
the importance of implementing an exercise program 
and reducing obesity. A vascular neurologist should 
be consulted for secondary prevention and as needed 
for primary prevention. Patients should be instructed 
to monitor blood pressure at home and to be compliant 
with medications.
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Peripheral artery disease (PAD) is an arterial occlusive 
syndrome of the lower extremity arteries most com-
monly caused by atherosclerosis. The arterial lumen 
becomes progressively obstructed by plaque, leading 
to reduced blood flow to the lower extremities. Given 
the systemic nature of atherosclerosis, PAD is associ-
ated with an increased risk of cardiovascular events 
including myocardial infarction and stroke. PAD can 
also result in a significant reduction in functional 
status, impaired quality of life, and increased risk of 
limb loss.  This chapter outlines the causes, epidemi-
ology and natural history, diagnostic approach, and 
 treatment of PAD.

EPiDEmiology

The most common cause of peripheral artery dis-
ease (PAD) is atherosclerosis, which is a systemic 
process characterized by inflammation and changes 
in endothelial cells lining the vessel walls. The 
arterial lumen eventually becomes obstructed by 
plaque, leading to reduced blood flow to the lower 
extremities.

Nonatherosclerotic causes of PAD are uncom-
mon and include the following:

 n Vasculitis
 n Fibromuscular dysplasia (FMD)
 n Thromboangiitis obliterans (Buerger’s disease)
 n Cystic adventitial disease

 n Popliteal entrapment syndrome
 n Endofibrosis

Risk factors for PAD are similar to those pre-
viously identified for atherosclerosis. Nonmodifiable 
risk factors include:

 n Age: The prevalence of PAD increases in older 
age groups. The National Health and Nutrition 
Examination Survey (NHANES) demonstrated a PAD 
prevalence of 14.5% in those aged 70 or older, as 
compared to 4.3% in the overall population aged 40 
or older (1).

 n Gender: PAD affects both men and women equally 
in older age groups.

 n Race-Ethnicity: The prevalence of PAD in non- 
Hispanic blacks is as high as 7.9%, compared to 4.4% 
in non-Hispanic whites (1).

Modifiable risk factors for PAD are as follows: 

 n Smoking
 l More than 80% of PAD patients are current or 

 former smokers (2). Smoking is more strongly 
 associated with PAD than with coronary artery 
 disease (3).

 n Diabetes
 l Diabetes is associated with a fourfold increase 

in the risk for PAD (4). Patients with both diabetes 
and PAD are at increased risk for lower extremity 
amputation.

 n Hypertension
 n Dyslipidemia
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limb Prognosis

PAD patients who are asymptomatic at baseline will 
likely experience a degree of functional decline over 
time. Studies have demonstrated a decline in walking 
performance over 2 years compared to patients with-
out PAD (15).

For the majority of PAD patients presenting 
with intermittent claudication, limb symptoms gradu-
ally stabilize over time. Only 10% to 20% of patients 
will experience worsening claudication and a small 
 minority (< 2%) will progress to critical limb ischemia 
(CLI) (10).

CliniCAl mAnifEstAtions

History

PAD patients present with a variable range of symp-
toms as shown in Table 24.1. The spectrum includes 
patients who are asymptomatic or who have atypical 
leg pain. Only a minority of PAD patients present with 
classic claudication or critical limb ischemia.

Intermittent claudication is defined as a 
reproducible pain in the lower extremity muscle 
groups brought on by exertion and relieved by rest. 
Blood flow at rest is typically adequate but becomes 

 n Chronic kidney disease
 n Hyperhomocysteinemia
 n Elevated C-reactive protein

The reported PAD prevalence depends on the 
selected population as well as diagnostic methods 
used to detect PAD. The prevalence could be under-
estimated if PAD is assessed by symptoms alone, 
whereas use of the ankle-brachial index (ABI) 
increases detection of PAD by 2 to 7 times (5). Cur-
rent epidemiologic projections estimate that PAD (as 
defined by ABI < 0.9) affects up to 21% of those 65 or 
older (7). In higher risk populations, the prevalence of 
PAD may be as high as 30% (8).

nAturAl History

Cardiovascular outcomes

Due to the systemic nature of atherosclerosis, PAD 
patients are at risk for polyvascular disease. Multiple 
studies have shown that PAD overlaps with disease in 
other vascular beds. For example, the Reduction of 
Atherothrombosis for Continued Health (REACH) 
international registry revealed that 63% of patients 
with PAD have concomitant symptomatic cerebrovas-
cular or coronary disease (9).

Accordingly, PAD patients are at significantly 
increased risk for myocardial infarction, stroke, 
and vascular death over a 5-year period compared 
to age-matched cohorts. The 5-year mortality for 
PAD patients is as high as 15% to 30% with greater 
than 75% attributable to cardiovascular causes (10). 
Medial calcification, or incompressible arteries, com-
mon in the elderly and in patients with long-standing 
diabetes or chronic kidney disease, may also be asso-
ciated with higher cardiovascular risk (11). Findings 
from two other landmark prospective studies are sum-
marized below:

 n PAD (defined by an ABI <0.9) is associated with a 
sixfold increase in the risk of cardiovascular death at 
10 years compared to the general population (12).

 n PAD is associated with a two- to threefold increase 
in the risk of ischemic stroke (13).

 n When combined with the Framingham Risk Score 
(FRS), an ABI ≤0.9 is associated with a twofold 
increased risk of cardiovascular events, cardiovas-
cular mortality, and overall mortality across all FRS 
categories (14).

 n Higher mortality and event rates in subjects with 
ABI 0.91 to 1.10 have also been observed compared 
to those with ABI 1.11 to 1.40. However, the risk 
remains less than in those with ABI ≤0.9 (14).

Table 24.1 range of symptoms in Patients with PaD

asymptomatic
• Some degree of functional impairment usually 
present.

Intermittent Claudication
• Lower extremity symptoms brought on by exertion 
and relieved with rest.
• Pain, cramping, fatigue, or heaviness in lower 
extremity muscle groups.

 ° Hip/buttock/thigh pain may indicate aortoiliac 
disease.

 ° Calf pain usually suggests femoral–popliteal 
disease.

Atypical Leg Pain
• Comorbidities may mask classic claudication 
symptoms.

 ° Neuropathy, osteoarthritis, or spinal stenosis.
• Consider PAD diagnosis if patients are at risk.

Critical Limb Ischemia (CLI)
• Pain at rest that improves when limb is in depen-
dent position.
• Tissue loss.
• Ulcers.
• Gangrene.
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insufficient during exercise to meet the increased met-
abolic demand. Symptoms may include the following:

 n Cramping
 n Fatigue
 n Heaviness
 n Weakness

Identifying the affected muscle groups may 
help in localizing the affected arterial segments.

 n Hip, buttock, or thigh pain may indicate aortoiliac 
disease.

 n  Calf pain is usually associated with disease in femoral– 
popliteal segment.

Although intermittent claudication is consid-
ered the traditional symptom of PAD, its prevalence 
remains low among PAD patients. Relying on clas-
sic claudication alone for the diagnosis will result in 
missing a majority of cases (8). A significant number 
of patients with PAD instead present with atypical leg 
pain. This observation may be related to the multiple 
comorbidities often seen in PAD patients, includ-
ing arthritis, neuropathy, and spinal stenosis, which 
may mask the symptoms of classic claudication (16). 
Therefore, PAD should always remain in the differen-
tial when assessing patients with atypical leg symp-
toms who have risk factors for atherosclerosis.

Many patients with PAD are classified as 
“asymptomatic,” but some degree of functional 
impairment is almost always present. Decreased func-
tional status has been objectively observed in patients 
with PAD who report no lower extremity symptoms 
with exertion (16).

Critical limb ischemia occurs when severely 
compromised arterial flow is insufficient for tissue 
viability. It usually presents as pain at rest in the fore-
foot or distal lower extremity which may improve with 
dependency. Tissue loss, ulcers, and gangrene may 
develop. If untreated, CLI often results in major limb 
amputation within 6 months (10).

Acute limb ischemia (ALI) refers to a sudden 
deterioration in limb perfusion usually due to acute 
embolism or thrombosis. The common presentation 
of ALI is manifested by the five Ps of pain, pallor, 
paresthesias, pulselessness, and poikilothermia. ALI 
is associated with high mortality and risk of limb loss 
and should be treated emergently.

Physical Examination

The vascular physical examination should include 
bilateral arm pressures to screen for subclavian artery 
disease. A differential of greater than 15 mmHg 

Table 24.2 Arterial examination in Patients with 
Suspected PaD

femoral Artery

• Palpated inferior to the inguinal ligament.
• Absent pulse may indicate disease of distal aorta 
and/or iliac arteries.

Popliteal Artery

• Palpated in the popliteal fossa behind the knee.
• Absent pulse may indicate proximal stenosis.
• Prominent pulse may suggest popliteal artery 
aneurysm.

Posterior Tibial Artery

• Palpated posterior to the medial malleolus.

Anterior Tibial/Dorsalis Pedis Artery

• Palpated on the dorsum of the foot.

Arterial Signal Assessment

• requires a handheld Doppler device and acoustic gel.
• Normal signal is triphasic.
• Altered signal (biphasic or monophasic) suggests 
disease in proximal arterial segment.

Auscultation for Bruits

• Carotid, subclavian, iliac, femoral, and popliteal 
arteries.
• Presence of bruit may indicate disease or stenosis.
• Presence of femoral bruit significantly increases 
likelihood of PAD but absence does not affect prob-
ability that PAD is present (17).

between the brachial pressures should prompt further 
investigation for subclavian stenosis.

A thorough examination of the feet and lower 
extremities is essential. Common skin findings in 
PAD patients include abnormal color or pallor, hair 
loss on legs, atrophic nail changes, or the presence of 
ulcers, cellulitis, or gangrene. Ulcers due to arterial 
insufficiency are usually painful and located on the 
toes or lateral malleolus.

A complete arterial examination, including 
palpation of pulses, arterial signal assessment, and 
auscultation for bruits should be performed as sum-
marized in Table 24.2.

DiAgnostiC mEtHoDs

Ankle-Brachial index

The ankle-brachial index is the most effective screening 
test for PAD. It is easily performed in the office or in the 
vascular laboratory. The ABI is defined as the ratio of 
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noninvasive Physiologic testing

Physiologic testing of the lower extremity arteries, 
available only in the vascular laboratory, provides 
additional information regarding the location and 
severity of disease. In addition to the ABI, physiologic 
testing also includes the following three components 
(see Figure 24.1):

 n Segmental limb pressures: measured using sphyg-
momanometer cuffs at the thighs, calves, and ankles

 n Pulse Volume Recordings (PVRs): obtained using 
plethysmography

 l Transient volume change after cuff inflation to 
65 mmHg is translated into pulsatile waveform

 l Waveform morphology indicates disease severity
 l Especially useful when ABI is falsely elevated 

due to calcified vessels

 n Toe Pressures: measured using photoplethys mog- 
raphy

 l Useful to predict wound healing potential
 l The toe-brachial index (TBI) can be useful when 

the ABI is unreliable due to medial calcification (10)

Duplex ultrasonography

Duplex ultrasonography serves as an adjunct to physi-
ologic testing. It is relatively inexpensive and readily 
available, but it is operator dependent. Ultrasonogra-
phy can help determine the presence and location of 
lower extremity arterial stenoses or occlusions and 
is useful to assess the patency of arterial stents and 
bypass grafts (10).

the higher ankle systolic pressure to the higher brachial 
systolic pressure. An ABI <0.9 considered up to 95% 
sensitive and 99% specific for angiographically con-
firmed lower extremity arterial disease (18).

The following summarizes the technique for 
obtaining an ABI measurement:

 n Have the patient lie supine for at least 5 to 10 
minutes.

 n Measure pressures at the bilateral brachial, posterior 
tibial, and dorsalis pedis arteries.

 l Appropriate size sphygmomanometer cuffs 
should be used (10–12 cm).

 l A hand-held 5 or 10-MHz Doppler probe with 
acoustic gel is used to detect the arterial signal.

 n Calculation
 l Divide the higher of the two ankle pressures in 

each leg by the higher of the two brachial pressures.

 n ABI range
 l Normal: 1.0 to 1.4 (19)
 l Mild: 0.7 to 0.90
 l Moderate: 0.4 to 0.69
 l Severe: <0.4
 l Borderline or indeterminate: 0.91 to 0.99
 l Incompressible vessels: >1.4

The ABI has several limitations. Medial cal-
cification (incompressible vessels) can lead to a 
falsely high ABI or an inability to occlude the arte-
rial signal. In the case of aortoiliac disease with 
collaterals, the ABI may be normal at rest and only 
become abnormal with exercise. If there is high 
clinical suspicion for PAD and the resting ABI is 
normal, postexercise ABIs should be obtained. This 
exam is performed on a treadmill at 1.5 to 2 mph at 
a 12% grade for a maximum of 5 minutes, with the 
goal of reproducing the claudication symptoms. A 
15% to 20% drop in the ABI after exercise is con-
sidered diagnostic of PAD (20).

Table 24.3 summarizes the clinical indications 
for diagnostic ABI testing. Screening ABIs may be 
considered for cardiovascular risk assessment in 
asymptomatic adults at intermediate risk (21,14).

Table 24.3 Clinical Indications for Diagnostic ABI 
testing

exertional leg symptoms in high-risk patients

• Age ≥ 65 or
• Age ≥ 50 with a history of smoking and/or diabetes

resting pain suspected to be ischemic in etiology.

Nonhealing lower extremity ulcers.

Figure 24.1a Arterial noninvasive flow studies. 
Segmental pressures are measured using sphygmo-
manometer cuffs at the thigh, calf, and ankle levels. 
Pulse volume recordings employ plethysmography, a 
technique whereby each cuff is inflated up to 65 mmHg 
and the transient change in volume beneath the cuff is 
translated into a pulsatile waveform. 
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Figure 24.1b Abnormal arterial noninvasive flow studies. Segmental pressures and pulse volume recordings sug-
gest moderate iliofemoral disease on the left.

Computed tomographic Angiography

Computed tomographic angiography (CTA) is useful 
for visualization of inflow disease, bypass grafts, and 
arterial stents. It is relatively inexpensive but major dis-
advantages include radiation exposure and the need for 
intravenous contrast administration, a particular con-
cern in patients with chronic kidney disease.

magnetic resonance Angiography

Magnetic resonance angiography (MRA) is con-
sidered comparable to CTA for inflow and surgical 
bypass evaluation. It is also particularly useful for 
visualization of runoff vessels. No ionizing radia-
tion exposure is an advantage but drawbacks include 
cost, inadequate assessment of peripheral stents due 
to artifact, and contraindications in patients with 

pacemakers and defibrillators. Furthermore, the risk 
of nephrogenic systemic fibrosis limits use of MRA 
with gadolinium for patients with stage 4 or 5 chronic 
kidney disease.

Digital-subtraction Angiography

As shown in Figure 24.2, digital-subtraction angi-
ography (DSA) remains the gold standard for lower 
extremity arterial imaging. A major advantage is the 
opportunity for revascularization during the diagnos-
tic procedure. However, due to high cost, contrast 
toxicity, and possible complications resulting from 
arterial puncture, DSA should not be used as a rou-
tine diagnostic method for PAD. Rather it should be 
reserved for planned revascularization once the PAD 
diagnosis has been established and the patient has met 
criteria for endovascular treatment.
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Among these, varenicline is the most effective 
although patients must be counseled regarding the 
potential psychiatric side effects (23).

Diabetes is a major risk factor for PAD and 
increases the risk of lower extremity complications 
such as CLI and ulcerations. Current guidelines sug-
gest targeting HbA1C to less than 7% in PAD patients 
to reduce microvascular complications and possibly 
to improve cardiovascular outcomes (10). Meticulous 
foot care is essential.

Treatment of dyslipidemia with statins reduces 
the risk of myocardial infarction, stroke, and vascular 
death in patients with PAD. Some small studies also 
suggest statins may improve PAD symptoms.

 n The Heart Protection Study found a 22% relative risk 
reduction at 5 years in PAD patients treated with 40 mg 
of simvastatin versus placebo (24). Based on this study, 
statins should be prescribed for PAD patients with a 
baseline LDL cholesterol level of  ≥100 mg/dL (10).

 n Treatment of dyslipidemia should be based on the 
recent ACC/AHA guidelines in which PAD is consid-
ered an atherosclerotic cardiovascular disease equiva-
lent (25).

 l For age ≤ 75, high-intensity statin therapy is recom-
mended, with the goal of lowering LDL-C by ≥ 50%.

 l For age > 75 or for those patients intolerant of 
high-intensity statin therapy, moderate-intensity 
statin therapy is recommended, with the goal of 
lowering LDL-C by approximately 30% to 50%.

Blood pressure control is a key component of 
cardiovascular risk reduction in PAD patients. The 
exact target for treatment of hypertension among 
patients with cardiovascular disease is controversial.

 n The target blood pressure should be < 140/90 mmHg 
in patients with PAD (10), including those with con-
comitant diabetes or chronic kidney disease (26).

 n Recent hypertension management guidelines rec-
ommend a target BP of <150/90 mmHg for the gen-
eral population aged 60 years or older (26).

 n Current data suggest that angiotensin-converting 
enzyme inhibitors (ACE-Is) and angiotensin receptor 
blockers (ARBs) may reduce the risk of cardiovascu-
lar events in patients with PAD beyond that expected 
from blood pressure control alone (27,28).

Antiplatelet therapy is prescribed in PAD 
patients with the goal of reducing the risk of stroke, 
myocardial infarction, and vascular death.

 n Data are derived from Antiplatelet Trialists’ 
Collaboration (29), which was a meta-analysis of 
287 studies of antiplatelet agents. The PAD sub-
group included 9,214 patients. There was a 22% odds 

trEAtmEnt

The treatment of PAD should focus on cardiovascu-
lar risk reduction and improving functional status and 
quality of life.

Cardiovascular risk reduction

Atherosclerosis is a systemic process. Therefore, 
patients with PAD are at increased risk for vascular 
events including myocardial infarction and stroke. 
Reducing this cardiovascular risk is central to the 
medical management of PAD.

Smoking is the most important modifiable PAD 
risk factor. In PAD patients who are current smokers, 
smoking cessation decreases the risk of future cardio-
vascular events and reduces progression to CLI (22). 
Conversely, in PAD patients who continue to smoke, 
the 10-year mortality is as high as 40% to 50%, with 
the majority of deaths due to cardiovascular events. 
The approach to smoking cessation in the vascular 
patient should include education, counseling, and 
pharmacologic therapy, as no other health interven-
tion offers such a large potential benefit (23). Options 
for pharmacologic therapy for smoking cessation 
include:

 n Nicotine-replacement therapy including the patch, 
gum, nasal spray, or inhaler

 n Bupropion HCL
 n Varenicline

Figure 24.2 Abnormal angiogram of the same 
patient featured in figure 24.1b. This image shows 
that the left common iliac and external iliac arteries are 
occluded.
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Revascularization (endovascular or surgical) 
should be reserved only for selected cases and the fol-
lowing criteria should be met:

 n Response to exercise therapy and/or pharmacologic 
therapy for at least 3 months has been inadequate to 
improve symptoms.

 n The patient reports a lifestyle-limiting disability due 
to claudication. Other comorbid conditions that would 
otherwise limit the patient’s functional capacity have 
been considered.

 n  The vascular anatomy has been evaluated and con-
sidered suitable for intervention with a favorable risk/
benefit ratio.

Endovascular treatment is preferred as first-line 
invasive treatment for short segment (3 cm or less) 
lesions in the iliac or femoral–popliteal segments. 
Endovascular patency rates are lower for more distal 
lesions or for long-segment occlusions, multiple tan-
dem lesions, or poor run-off (10). Surgical treatment 
is not often performed for claudication but is preferred 
over endovascular treatment in the case of long- 
segment occlusions or more distal lesions.

summAry

PAD is highly prevalent and associated with significant 
cardiovascular morbidity and mortality.  PAD patients 
can present with a range of symptoms including atypi-
cal leg pain, intermittent claudication, or critical limb 
ischemia. However, a significant number of PAD 
patients may appear asymptomatic, highlighting the 
importance of maintaining a high index of suspicion 
in at-risk patients. The diagnostic approach to PAD 
begins with an ankle-brachial index. Several noninva-
sive complementary modalities are also readily avail-
able in the vascular laboratory. A central component of 
the medical management of PAD is cardiovascular risk 
reduction. Supervised exercise training plays a criti-
cal role in improving the functional status of patients 
with PAD. In parallel, endovascular revascularization 
may be considered in selected patients with lifestyle-
limiting symptoms. Comprehensive care of the PAD 
patient should focus on reducing cardiovascular mor-
bidity and mortality and improving quality of life.
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Alternative and Complementary 
Medical Approaches

25

Complementary and alternative medicine (CAM), also 
known as integrative medicine, is a group of diverse 
medical and health care systems, practices, and prod-
ucts that are not presently considered to be part of con-
ventional medicine. Approximately 40% of Americans 
use CAM, mostly incorporating complementary treat-
ments in conjunction with ordinary care. Therapeutic 
lifestyle changes are the foundation of many CAM 
practices. Systems such as Tai Chi, Qi Gong, and 
Ayurveda emphasize optimal diets, regular exercise, 
maintenance of optimal weight, and reducing emo-
tional stress. Although some clinical trials have been 
done involving CAM, evidence is still limited. CAM 
is now organized mainly into two categories: natural 
products and mind and body practices. Patient-cen-
tered medicine focuses on the patient, the particular 
needs, concerns, beliefs, and values that each of us has 
when put in the position of a patient. CAM represents 
the essence of patient-centered medicine as it permits 
patients and doctors to consider all reasonable options 
in averting disease and maintaining health.

BACKGROUND

Complementary and alternative medicine (CAM), 
as defined by the National Center for Complemen-
tary and Alternative Medicine (NCCAM), a branch 
of the National Institutes of Health (NIH), is a group 

of diverse medical and health care systems, prac-
tices, and products that are not presently considered 
to be part of conventional medicine. Complementary 
approaches are used in conjunction with standard care 
whereas alternative approaches are used in place of 
approved therapies. Approximately 40% of Americans 
use CAM, mostly incorporating complementary treat-
ments in conjunction with ordinary care. This practice 
can also be referred to as integrative medicine.

The notion of prevention, averting a potential 
clinical event, introduces an uncertainty that is ame-
nable to nontraditional possibilities. We perform a 
risk–benefit analysis, the basis of all clinical decision 
making, which is the source of therapeutic recommen-
dations. The core of cardiovascular disease (CVD) pre-
vention is therapeutic lifestyle changes (TLC). TLC is 
also the foundation of many CAM practices. Systems 
such as Tai Chi, Qi Gong, and Ayurveda emphasize 
optimal diets, regular exercise, maintenance of opti-
mal weight, and reducing emotional stress. Although 
some clinical trials have been done in this realm, the 
evidence for most CAM disciplines is sparse. Yet, 
the placebo effect is particularly powerful in CAM 
(as such practices often address continuous variables 
such as pain, anxiety, insomnia, and blood pressure). 
Consequently many university and nonuniversity hos-
pital settings have already incorporated such practices 
into their standard of care, further blurring the line 
between CAM and allopathic (or Western) medicine.

Seth J. Baum MD, FACC, FAHA, FACPM, FNLA
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single gram of carbohydrate in a given food, whereas 
GL reflects the total quantity of carbohydrate in a por-
tion of food.

3. When weight loss is required, GI and GL are rel-
evant. The following is a useful website that provides 
information regarding the glycemic characteristics 
of a variety of foods: http://www.health.harvard.edu/
newsweek/Glycemic_index_and_glycemic_load_
for_100_foods.htm. Three critical points can be 
made: (1) when trying to help patients maintain a 
healthful weight, foods with a low GI and GL are 
recommended; (2) naturally occurring carbohydrates 
are often healthful. Those in vegetables are satisfac-
tory whereas those in fruits (e.g., fructose) might be 
detrimental to the metabolically challenged, such as 
patients with diabetes mellitus, central obesity, high 
triglycerides, low HDL-C, high apoB, and metabolic 
syndrome. Fruit juices, stripped of their healthful fiber 
content, possess high GI and GL and are generally not 
healthful; and (3) human beings have the capacity to 
build all the carbohydrates we require and, thus, there 
are no “essential” carbohydrates.

4. Proteins are built from amino acids of which about 
half cannot be produced by our bodies and are there-
fore considered to be essential. “Essential” means they 
must be consumed to sustain life. The best proteins 
are the most complete because they contain a com-
prehensive array of all the essential and nonessential 
amino acids. Egg protein and whey protein are com-
plete; they are the optimal sources for our patients.

5. The preferred grading scale for protein quality is 
the Protein Digestibility Corrected Amino Acids Score 
(PDCAAS). A PDCAAS of 1.0 is optimal and anything 
less than 1.0 is incomplete. Both whey and egg have a 
PDCAAS of 1.0. The practicing clinician should under-
stand several issues relating to protein consumption. Too 
much protein can potentially be problematic in medical 
conditions such as osteoporosis, chronic kidney disease 
(CKD), and kidney stone formers. The optimal daily 
intake is considered to be between 0.8 and 1.2 grams/kg  
of body weight. Protein powders, collagen, and veg-
etable sources of protein typically have low PDCAAS 
scores unless they have been “enriched.” Because natu-
ral food is composed of either carbohydrate or protein/
fat, consumption of proteins found in their natural form 
means there is also consumption of fats.

6. Fats are the third macromolecule in food, and as 
in the case of proteins (but not carbohydrates), some 
fats are “essential.” It is imperative to distinguish 
the fats on the basis of their saturation levels. Satu-
rated fats have no double bonds (they are saturated 
with hydrogen atoms) and they are solid at room 
temperature. Monounsaturated fats have one double 
bond (oleic acid prevalent in olive and canola oil is 

CAM is clearly a broad-based definition and 
one that is therefore constantly in flux. In fact, the 
arena has changed markedly and although NCCAM 
divided CAM into five categories in 2007, it now uses 
only two: natural products and mind and body prac-
tices. Some overlap exists between these groups, and 
consequently assorted disciplines such as Ayurveda 
and traditional Chinese medicine, for example, do not 
fit neatly within one group or another. This chapter 
assesses CAM within the current NCCAM frame-
work. Furthermore, the chapter addresses only the 
most prevalent of these modalities.

BiOlOGiCAlly BAseD TheRApies

Vitamins, minerals, herbs, and dietary advice are the 
salient biologically based therapies. Dietary advice, 
however, demands a special place in this section. The 
frequency and variety of the continuous flow of new 
diets reflect the elusiveness of the optimal approach.

The 2013 PREDIMED trial demonstrated an 
approximate 30% CVD event risk reduction with the 
Mediterranean diet in two groups of patients: high 
olive oil and high nut consumption (1). Additionally, a 
review of primitive cultures’ diet disparities has dem-
onstrated that in a wide array of diets—from nearly 
pure protein/fat to vegan—it is the body mass index 
(BMI) that appears to track best with CVD (2). Cul-
tures with average BMIs < 25 have a lower rate of 
CVD regardless of the dietary constituents.

 Below are some basic “food rules” that we 
should all know and implement in our management 
of patients.

1. All food is composed of carbohydrate, fat, or pro-
tein. In nature, food comes principally in two vari-
eties: predominantly carbohydrate or fat/protein. 
Vegetables such as broccoli, cauliflower, spinach, and 
brussels sprouts comprise nearly pure carbohydrate. 
Chicken, fish, meat, and tree nuts contain chiefly fats 
and proteins. The latter group contains very little car-
bohydrate. Our bodies store only about 3,500 calories 
as carbohydrate. Foods found in nature do not contain 
a “balanced blend” of all three macromolecules: car-
bohydrates, proteins, and fat.

2. There has been great emphasis made of the types of 
carbohydrates we eat, that is, whether they are simple 
or complex. This issue is best reflected by the glyce-
mic index (GI) and load (GL), metrics that tell us how 
fast a carbohydrate-containing food is absorbed and 
assimilated by our bodies. The faster a carbohydrate 
is absorbed, the more it raises our blood sugar and 
insulin levels (high GI) and the more efficiently it is 
then converted into fat for storage. The GI considers a 
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 4. For patients who need to lose weight, limit their 
simple carbohydrates and restrict their calories. Por-
tion control is fundamental. Have them consume mul-
tiple small meals daily.

 5. For metabolically challenged patients, the limita-
tion of sugar and simple carbohydrates is paramount.

 6. Use the glycemic index and glycemic load chart: 
http://www.health.harvard.edu/newsweek/Glycemic_
index_and_glycemic_load_for_100_foods.htm.

 7. Regardless of the components of diets, keeping 
patients’ body mass indices (BMIs) <25 is essential (2).

 8. Nuts and seeds are very calorie dense and very 
“addictive.” In patients attempting to lose weight, nut 
and seed quantities can be very hard to control. Under 
such circumstances avoid them despite their beneficial 
health qualities.

 9. At a restaurant have the waiter bring only half your 
patient’s meal to the table. Package the rest for home. 
Say NO when the waiter tries to put bread on the table. 
Remember, studies uniformly show that restaurant 
eating leads to weight gain. Therefore, during periods 
of intended weight loss, eat predominantly at home.

10. Drink plenty of water. Water prior to meals can 
also be helpful with weight loss.

11. Ensure adequate daily consumption of fiber: 
fruits, vegetables, and whole grains. The findings of 
the PREDIMED trial support the Mediterranean diet 
as the leader in dietary choices for CVD prevention.

Alcohol

Several of the physiologic benefits inherent in alcohol 
include decreasing thromboxanes and leukotrienes, 
increasing tissue plasminogen activator and fibrino-
lysis, decreasing platelet activity, inducing vasodila-
tion, and something most of us can attest to, reducing 
stress. However, moderation is vital and there have 
been no prospective trials on the benefits of alcohol 
in any form in reducing CVD. All favorable data 
are observational although consistent with plausible 
hypotheses based on these data and laboratory studies. 
It is also well established that the potential benefit of 
alcohol resides in the alcohol, not in any special form 
such as red or white wine, beer, or other modality (3).

Nutritional supplements

Most trials evaluating supplements have done so in 
a physiologically unsound fashion and have drawn 
unsupported conclusions. For example, trials that have 

the best known). Polyunsaturated fats (PUFAs) have 
more than one double bond and there are multiple 
examples in nature. The two most important families 
of PUFAs are the omega-3s and omega-6s. In some 
respects these two groups of fatty acids compete with 
each other. The omega-6s tend to promote inflamma-
tion and thrombosis, whereas the omega-3s have the 
opposite tendency. We all need both omega-6s and 
omega-3s; it’s their optimal respective contributions 
in our diet that remain a source of debate.

7. Linoleic acid (LA) and alpha linolenic acid (ALA) 
are both essential; we must consume them because we 
cannot make them. LA is the fundamental omega-6 
found in nuts, seeds, vegetables, and the gamut of com-
mercially prepared foods, and ALA is the vital omega-3 
found in nuts and seeds, as well as flax and chia. Each 
of these fatty acids is the purported precursor for lon-
ger chain, more highly unsaturated fatty acids in the 
omega-6 and omega-3 families, respectively. Recently 
it was recognized that because of the somewhat arti-
ficial nature of our modern Western diet, people now 
lack the ability to effectively convert ALA to two other 
indispensable omega-3s, EPA and DHA. As EPA and 
DHA are critical for life, many of us now consider them 
to be “essential” as well. And so, a side effect of our 
modern diet mandates us to consume fatty fish or fish oil 
pills to be “optimally” healthy. In consideration of this, 
the American Heart Association (AHA) recommends 
1,000 mg daily of combined EPA and DHA for people 
with manifest cardiovascular disease (CVD). As EPA 
and DHA have important roles in anti-inflammation, 
they have also been examined and utilized in treating 
many inflammatory disorders, some of which (e.g., 
lupus, psoriasis) are now considered to be risk factors 
for CVD, another inflammatory disease. Consequently, 
some practitioners recommend high doses of com-
bined EPA and DHA hoping to thwart CVD events. To 
date this practice has not been studied adequately and 
 therefore remains strictly “alternative.” N.B. Although 
these fatty acids have an antithrombotic effect, at daily 
doses less than 6 grams they have not been shown to 
cause an increased risk of bleeding (even in association 
with anticoagulants and antiplatelet agents).

Dietary Takeaways

 1. Eat a balanced natural diet as free from processed 
foods as possible.

 2. Avoid fad diets.

 3. For patients already at optimal weight, there is no 
need to limit calories, but they should be encouraged 
to consume fatty fish.
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beneficial impact on CVD and DM. Some studies show 
a U-shaped curve supporting either low-dose coffee 
(one cup per day) or high-dose coffee (> 4 cups per 
day). Others support up to three or four cups per day 
as being cardioprotective. The proarrhythmic effect 
of caffeine at these doses has largely been debunked. 
Different compounds have been found to produce 
diverse effects: the chlorogenic acids decrease diabetes 
mellitus, inflammation, platelet aggregation, and blood 
pressure, whereas caffeine is felt to decrease weight 
and increase both fibrinolysis and flow-mediated dila-
tation (improve endothelial function) (15).

 n Chocolate: There is scientific justification for con-
sumption of dark chocolate in small quantities (16). 
Flavonoids found in chocolate—including the catechins 
also found in tea and coffee—are antioxidants and anti-
inflammatory substances that correlate with lower BP, 
improved DM, and decreased CVD (17). In compari-
sons of dark versus other forms of chocolate, dark tri-
umphs, even though its saturated fat content is higher.

 n Resveratrol: Resveratrol is a polyphenolic com-
pound found almost exclusively in red wine. Some 
studies have demonstrated the following effects: anti-
inflammatory, antioxidant, endothelial derived nitric 
oxide stimulation, vascular cell adhesion molecule and 
platelet inhibition, and inhibition of LDL-peroxidation, 
an initiating step in atherosclerosis (18). The dose 
range for resveratrol is under study but it appears that 
the trans- form may impart greater efficacy.

 n Aromatherapy: The use of essential oils (aromatic 
hydrophobic plant-based compounds) for medicinal 
purposes has been prevalent for the past thousand 
years but there is no scientific evidence for the claims 
of benefit versus CVD.

lipid Altering and Glucose  
Reducing supplements

 n Red Yeast Rice: Red yeast rice (RYR) is the fer-
mentation product of tthe mold Monascus purpu-
reus and rice. The active ingredient, Monacolin K, 
is identical to lovastatin. Consequently, RYR con-
taining Monacolin K has been banned in the United 
States. However, some RYR products are available 
and contain variable concentrations of Monacolin K. 
As the FDA prohibits products from disclosing their 
Monacolin K content, consumers are unable to ingest 
specified quantities of this agent, rendering the use of 
RYR difficult, and even potentially harmful. Further 
complicating the issue, some RYR products contain 
citrinin, a contaminant with potential nephrotoxicity. 
Thus, although RYR does decrease LDL-C, TG, and 
total cholesterol, and increases HDL-C, it is a gamble 

assessed high dose vitamin E, beta carotene, and vita-
min C have been almost uniformly neutral.

 n Magnesium: Magnesium intake of 500 mg/day to 
1,000 mg/day may reduce systolic blood pressure 
(BP) by 5 to 6 mmHg (5).

 n Fish oil: Specifically the omega-3s EPA and DHA, 
the “active ingredients” in fish oil, have been shown 
by some studies to be beneficial but in others, not. A 
difficulty inherent in recent trials relates to the fact 
that when fish oil (or any other potentially salutary 
substance) is added to the array of CVD-beneficial 
medications (statins, ACE inhibitors, antiplatelet 
agents, and beta blockers) it is difficult to demonstrate 
incremental benefit. For patients with documented 
CVD the American Heart Association (AHA) recom-
mends 1,000 mg daily of combined DHA and EPA. 
Also, purification processes today effectively remove 
mercury so fish oil supplements are safe.

 n B6, B12, and Folic Acid: When these vitamin  levels 
are low, one’s homocysteine level can rise. High 
homocysteine levels are associated with CVD but 
decreasing homocysteine in clinical trials has had 
disappointing results, although in younger patients 
there is some conflicting evidence that homocysteine-
lowering may modestly lower CVD events (7). Also, 
several trials have demonstrated that lowering homo-
cysteine does have a statistically significant advantage 
for stroke reduction (8).

 n Vitamin D: The VITAL Trial is currently in progress 
and may help answer the vitamin D question regard-
ing primary prevention of cancer and cardiovascular 
disease by this vitamin (9,10).

 n Coenzyme Q10 (CoQ10): This plant-derived antiox-
idant participates in mitochondrial energy production 
and is reduced by statins. A few small trials have sug-
gested a modest benefit of CoQ10 supplementation in 
preventing myalgias and myopathy; larger trials are in 
progress to provide better data.

 n L-carnitine: Found mostly in meats, L-carnitine is a 
byproduct of the amino acid lysine. It participates in 
functions involving mitochondrial energy production. 
L-carnitine appears to improve utilization of oxygen 
in ischemic tissues and so can be employed in angina 
and claudication (12,13). Two grams twice daily has 
been advocated by some for treating claudication. This 
high dose can be hard to tolerate because of bloating; 
starting lower and then up-titrating can be helpful.

 n Bioflavonoids in Green and Black Tea: Camellia 
sinensis is the source of both green and black tea. 
Although purported to have anticarcinogenic qualities, 
green tea also possesses antioxidant characteristics (14).

 n Coffee: Coffee is available in both drink and 
supplement (caffeine) form. It has been the object 
of great debate but recent trials definitely favor its 
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properties. In both animal and human trials there is 
evidence for its efficacy. Mouse studies have shown 
a reduction in gene expression of both phosphoenol-
pyruvate carboxykinase and glucose-6-phosphatase, 
hepatic regulators of gluconeogenesis (25). Human 
trials have evaluated cinnamon’s impact on not only 
glycemic status, but also body composition and lipid 
profiles as well (26). Using 3 grams of cinnamon daily 
in patients with type 2 DM, Vafa demonstrated dimin-
ished levels of fasting blood glucose, HbA1c, triglyc-
eride, weight, BMI, and body fat mass.

 n Bitter Melon: Momordica charantia, bitter melon, 
has been studied for its hypoglycemic effects in both 
animal and human trials. Mechanisms of action that 
favorably affect glucose control in diabetic patients 
include protecting pancreatic islet beta cells and 
inhibiting alpha-glucosidase activity (27,28).

MiND AND BODy pRACTiCes

stress Reduction Techniques

Psychosocial stress contributes to CVD risk, which has 
been established by numerous studies (29). Stress aug-
ments CVD risk by increasing cholesterol, epineph-
rine, norepinephrine, cortisol, and glucose levels, and 
activating platelets. We must help our patients (and 
ourselves) to better manage stress (30). Two major cat-
egories of stress reduction techniques that have been 
effective are “in the moment” and “comprehensive.”

 n In-the-Moment Stress Reduction: A pragmatic 
technique to teach our patients is a simple breath-
ing method. When an individual is confronted with 
a stressor he or she can instantly alter his or her 
breathing pattern. Deep, slow, purposeful, diaphrag-
matic breathing will produce instant results. Relax 
one’s abdomen. Inhale deeply and slowly through the 
nostrils, expanding the belly before the chest. Then 
exhale through the mouth even more slowly. End the 
breath with a full collapse of the abdomen to achieve 
complete exhalation. This is the type of breathing pat-
tern employed in the practice of Yoga, a system that 
combines exercise and meditative breathing (31). The 
technique will ensure a very full breath, one that will 
help shift the autonomic nervous system to a more 
quiet or more predominantly parasympathetic tone.

 n Comprehensive Stress Reduction Techniques: A 
number of systems have been developed to teach us 
how to enjoy greater calm in life. Transcendental med-
itation (TM), the relaxation response, mindfulness-
based-stress-reduction, and Freeze Frame® are just a 
few. TM, a form of meditation, was the first such tech-
nique used in the United States and appears to have the 

for patients to consume (20). Its use should be limited 
to patients who either cannot tolerate statins and other 
classes of pharmaceutical lipid-altering medications, 
or refuse to follow the well-established allopathic 
approach to lipid management.

 n Gugulipid: An Ayurvedic herb extracted from the 
mukul myrrh tree, Gugulipid has been an approved 
drug for treating hyperlipidemia in India since 1986. 
The recommended dose to increase HDL-C and 
decrease total cholesterol and LDL-C is 25 mg tid of 
the active ingredient gugulsterone. A limitation of this 
agent is its tid dosing.

 n Policosanol: These are sugar cane derived long-
chain alcohols. Although trials in Cuba suggest that 
this substance can decrease LDL-C, subsequent trials 
have failed to corroborate these initial findings.

 n Polymethoxilated Flavones (PMF) and Tocotrienols: 
These are combined in a commercially available product 
Sytrinol®. Animal studies have demonstrated hypolipid-
emic effects of the polymethoxilated flavones (21).

 n Sterols/Stanols: These plant-based compounds (both 
sterols and stanols) lower LDL-C by blocking intesti-
nal absorption of cholesterol and augmenting choles-
terol release into the small bowel. They purportedly 
convey an 11% reduction in LDL-C. Both sterols and 
stanols enjoy a qualified health claim, meaning manu-
facturers are permitted by the FDA to state they have 
a role in reducing CVD risk. To make this claim they 
must contain a total daily dose of 1.3 grams sterols or 
3.4 grams of stanols and be used in combination with 
a heart-healthful diet.

 n Pomegranate: This fruit contains the active ingredi-
ents punicalagin, a polyphenolic antioxidant, as well 
as beta-sitosterol, a phytosterol (22). Both purportedly 
convey cardiovascular benefit, and pomegranate, both 
in juice and extract form, has demonstrated significant 
reductions in both LDL-C and total cholesterol (23). 
Additional benefits include increased insulin sensitiv-
ity, inhibition of alpha-glycosidase, and a favorable 
impact on glucose transporter type 4 function.

 n The Portfolio Diet: This diet represents a natural 
method for lowering cholesterol (24). Although it was 
included in guidelines as far back as ATP 2, the Portfolio 
Diet has been largely disregarded. Its principle is sim-
ple: look at a diet as you would your financial portfolio. 
Replace unhealthful items with those that will increase 
your “health value” (in this case, by decreasing your cho-
lesterol). Foods containing high quantities of soy protein, 
viscous fiber, sterols and stanols, and almonds are the bed-
rock of this program. Here is a website resource: http://
www.livestrong.com/article/505699-the-portfolio-diet/

 n Cinnamon: This spice has been used for millennia in 
religious ceremonies and as a highly valued food addi-
tive. Current focus is on cinnamon’s hypoglycemic 
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 n Qi Gong, literally translated as energy practice, 
involves deep breathing techniques, slow exercise 
movements, and a mindfulness-based meditation 
(34). Similar to acupuncture, Qi Gong lowers cat-
echolamine release and has been studied most in the 
management of hypertension. The level of data is low, 
and more studies are required to ascertain the utility of 
Qi Gong in the management of hypertension.

 n Tai Chi Chuan, often shortened to Tai Chi, is strictly 
translated as “the supreme ultimate fist.” Though con-
sidered a “soft” martial art, Tai Chi is actually a spec-
trum, which integrates fast-paced hard movements in 
conjunction with the better-recognized slower move-
ments (35). In the context of CAM, Tai Chi emphasizes 
deep breathing, slow dancelike movements, and medita-
tion. It has therefore mostly been studied in the context 
of its impact on hypertension. Results are mixed, but as 
with Qi Gong it is a practice that may possess merits 
that extend beyond simply lowering blood pressure.

Ayurvedic Medicine

Dating back over 3,000 years, this Indian system of 
medicine utilizes a wide range of herbal therapies as 
well as dietary and lifestyle interventions including the 
practice of Yoga (36). Ayurvedic systems have not been 
adequately studied. Particular concern emanates from a 
2008 NCCAM-sponsored trial that found 21% of herbal 
products studied contained heavy metals exceeding the 
daily-recommended intake (37). This represents a con-
cern for pregnant and lactating women in particular, but 
all others as well. Small studies of Ayurvedic medicine 
have evaluated its impact on cardiovascular risk such as 
hypertension, high cholesterol, and stress. Results have 
been promising, specifically with regard to the use of 
Yoga, but larger and better studies are needed.

OTheR COMpleMeNTARy  
AND AlTeRNATive TheRApies

Chelation Therapy

Based upon the principle of chelating (literally 
“ clawing”) heavy metals, chelation therapy has 
been used by alternative health care practitioners 
as an antiatherosclerosis technique for decades. At 
the 2012 AHA meetings the first solid clinical trial 
demonstrated a CVD event reduction from chelation 
in diabetic patients who had previously experienced 
anterior wall myocardial infarctions (38). However, 
this single trial cannot be considered definitive evi-
dence for a therapeutic effect of chelation.

most promise of the meditation techniques for reduc-
ing CVD risk. It involves an individual being given 
a single word or sound (mantra) to repeat over and 
over as she sits quietly for about 20 minutes, breath-
ing in the fashion described above. As the mind settles 
down, the body becomes deeply relaxed into a state of 
“restful alertness.” When thoughts enter her mind, the 
TM practitioner simply lets them pass by, paying them 
no attention and giving them no credence. In this way, 
the meditator achieves a peaceful equanimity that 
can persist for hours after the session. TM instructors 
advise practitioners to meditate in this fashion twice 
daily, prior to both breakfast and dinner. TM has been 
shown to decrease epinephrine and norepinephrine 
significantly, diminish BP, increase brain alpha waves 
(the peaceful ones), reduce anxiety, diminish oxygen 
consumption, and even lower myocardial ischemia. 
A recent American Heart Association scientific state-
ment, in fact, noted its important ability to lower blood 
pressure with a class IIb level of evidence B recom-
mendation, while not recommending other meditation 
techniques for this purpose (32).

Traditional Chinese Medicine

Traditional Chinese medicine (TCM) dates back over 
two millennia and includes various healing modalities 
such as acupuncture, Qi Gong, Tai Chi, and herbals. 
Acupuncture, Qi Gong, and Tai Chi have received the 
most study and are addressed in this section.

 n Acupuncture is a system of healing that utilizes 12 
pathways, or meridians, that appear to overlie major 
neural motor and sensory networks. The practitioner 
stimulates acupoints, specific spots along the merid-
ians, with needles, electricity, pressure, heat, or a 
combination thereof to achieve a desired result. Both 
acupoint specificity and the nature of acupuncture’s 
response are vital elements of the practice. Acupoint 
specificity refers to one’s ability to influence a given 
body system over another, and the nature of the 
response is determined by the particular modality uti-
lized as well as its duration. In general, the stimula-
tion of afferent pathways back to the central nervous 
system results in release of neuropeptides such as 
opioids, serotonin, and the endocannabanoids (33). 
The end result is an influence on sympathetic and 
parasympathetic outflow to the heart and elsewhere, 
depending on the acupoint used. In the realm of car-
diovascular disease, hypertension, hyperlipidemia, 
stress, and even obesity have been most studied. 
Results are mixed, but some evidence exists to con-
sider the incorporation of this discipline in a compre-
hensive integrative medicine system.
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 n L-Arginine and Citrulline: L-arginine is the pre-
cursor for nitric oxide (NO). As such, its endothelial 
impact has been studied in experimental and clinical 
trials. L-arginine’s ability to augment NO has been 
established. As citrulline is a precursor for L-arginine, 
it too has been studied as a NO enhancer and it has 
been found to be effective in that role. The clinical 
ramifications of these nutrients’ ability to increase NO 
have not been adequately established, but this remains 
a promising area of research (45).

person-Centered Medicine (pCM)

PCM is a movement away from the current reduction-
ist medical approach to a systems approach to patient 
care (46). “Systems” in this context does not refer to 
cardiovascular, gastrointestinal, neurologic, and the 
like. Rather, it refers to viewing the patient as a whole, 
a unique individual with unique issues and needs. 
Many believe that only through integrative strategies, 
combining the best of complementary, alternative, and 
allopathic medicine, can we achieve true PCM. The 
goal in PCM is to focus on the patient, the particular 
needs, concerns, beliefs, and values that each of us 
has when put in the position of a patient. In actual-
ity, CAM represents the essence of PCM as it permits 
patients and doctors to consider all reasonable options 
in averting disease and maintaining health.

sUMMARy

Complementary and integrative approaches to preven-
tion of CVD comprise a wide range of practices used 
extensively by adults in the United States and world-
wide. Because of shortcomings and dissatisfaction 
with current allopathic medical practices, the public 
has become increasingly interested in CAM and is 
often exposed to promoted claims of efficacy, despite 
limited clinical trial evidence regarding the benefits of 
CAM in prevention or treatment of CVD as well as 
other ailments. However, increased attention by the 
National Institutes of Health and other organizations 
to supporting further research in this area over recent 
decades has resulted in promising data regarding the 
efficacy of several areas of CAM, including certain 
nutritional and mind–body approaches: nutritional 
supplements, acupuncture, and transcendental medita-
tion to name a few. Evidence has accumulated regard-
ing key CAM therapies that can reduce stress as well 
as other key CVD risk factors such as hypertension and 
dyslipidemia. Use of targeted therapies on an individu-
alized basis, consistent with emerging person-centered 

Arrhythmias

Atrial fibrillation has been the focal point of numer-
ous CAM approaches. Several supplements have been 
suggested, the most popular being the omega-3s and 
magnesium. Low levels of the omega-3 fatty acid 
index have been shown to be associated with cardiac 
arrest (39). Two trials presented at the 2012 AHA 
meetings, however, evaluated omega-3s and atrial 
fibrillation, and both failed to demonstrate benefit.

endothelial Dysfunction

The following section is a brief description of several 
nutrients that are currently receiving scientific atten-
tion regarding their effect on endothelial function, an 
active area of CV research. In considering the possible 
benefits of these substances, one must bear in mind 
the relative doses used in animal studies, which are 
frequently substantially higher than would be applied 
in humans.

 n Vitamin C: Studies of the cardiovascular benefits of 
vitamin C have reported mixed results. Agarwal et al. 
found that food-derived vitamin C decreased carotid 
IMT, whereas supplement-derived vitamin C did not 
(40). In contrast, Yan et al. found that the combina-
tion of 13-Tetrahydrobiopterin, L-arginine, and vita-
min C act synergistically to decrease oxidative stress, 
increase nitric oxide, and improve blood flow after 
induction of hind limb ischemia (41).

 n Polyphenols: Found in fruits, vegetables, and wine, 
polyphenols such as quercetin and resveratrol may have 
an important role in protecting our endothelium. They 
function as free radical scavengers, metal chelators, and 
enzyme modulators. They increase endothelial nitric 
oxide synthase (eNOS), increase glutathione (an endog-
enous antioxidant enzyme), and inhibit ROS-producing 
enzymes. Because of these attributes they are currently 
the objects of numerous investigations (42).

 n omega-3 Fatty Acids EPA and DHA: Discussed ear-
lier, these fatty acids tend to decrease a variety of biologic 
substances that could lead to endothelial dysfunction. 
Specifically they are metabolized to by-products that 
lower proinflammatory cytokines, chemokines, and 
adhesion molecules (43). The end result is a likely reduc-
tion in endothelial dysfunction. A large meta-analysis by 
Wang et al. demonstrated that these omega-3s improve 
flow-mediated dilatation (a measure of endothelial 
function) without affecting endothelium-independent 
vasodilation (44). Again, further studies are required to 
validate the clinical significance of supplementing these  
long-chain, highly unsaturated fatty acids.
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approaches to medicine, may serve to complement 
conventional medical therapies to best achieve optimal 
cardiovascular health and CVD prevention.
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Advances in cardiovascular disease (CVD) risk 
assessment and treatment have improved outcomes 
for patients, resulting in a 31% reduction in the CVD 
death rate between 1998 and 2008. However, despite 
these improvements, CVD is still the leading cause of 
death and disability in the United States with 1 out of 
3, 1 out of 6, and 1 out of 18 deaths the result of CVD, 
coronary heart disease (CHD), and stroke, respectively 
(1). Total direct and indirect cost for CVD, projected to 
rise above $800 billion in 2025, is more than any other 
diagnostic group and represents $1 of every $6 spent on 
health care in this country. Further reduction of CVD 
morbidity and mortality as well as reduction in health 
care costs associated with CVD is a high priority for 
both health care providers and the health care industry.

It has been estimated that as much as 84% of 
the decrease in CVD mortality in the United States 
between 1980 and 2000 was attributed to reduction in 
CVD risk factors and the collective CVD preventive 
effort (2). In addition, adherence to clinical practice 
guidelines has been shown to reduce CVD morbidity, 
mortality, and cost (3). The American College of Car-
diology (ACC) and the American Heart Association 
(AHA) have developed clinical practice guidelines 
for primary and secondary CVD prevention (4,5) and 
have recently updated guidelines for risk assessment 
and management of high blood pressure, cholesterol, 
lifestyle, and overweight and obesity (6–10).

Therefore, the goal should be to adopt  
guideline-driven, cost-efficient programs that can 

identify subclinical atherosclerotic vascular disease, 
prevent its progression, minimize hospitalizations for 
interventions of acute coronary syndrome, and reduce 
death from cardiovascular events throughout the adult 
lifespan. This can be accomplished through the devel-
opment of centers for CVD prevention.

DeveloPment of a Center  
for CvD Prevention

Centers for CVD prevention utilize advances in risk 
assessment and risk reduction strategies, pharmacologic 
therapy, and selective use of methodologies to detect 
advanced subclinical atherosclerosis as a means to 
inhibit the emergence of CVD risk factors (primordial 
prevention), protect against the development of CVD 
in those with risk factors (primary prevention), identify 
and detect CVD in its earliest stages and prevent recur-
rent events (secondary prevention), and limit complica-
tions and disabilities of CVD in addition to providing 
rehabilitation (tertiary prevention). A premier center for 
CVD prevention will expand beyond the goal of expert, 
individualized clinical care to the comprehensive inte-
gration of clinical, educational, and research compo-
nents that focus on population-based strategies.

Essential components of a comprehen-
sive center for CVD prevention include: (a) indi-
vidualized and comprehensive risk assessment 
and risk management at all prevention levels; (b) 
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 n Cost: This will vary depending on whether the cen-
ter is newly built, part of a preexisting clinic, or part of 
a hospital inpatient or outpatient center.

 n Space requirements: This should be based on the 
projected number of patients per day, which will 
determine the number of providers and staff and the 
number of days per week of operation. It is important 
that the physical space include waiting areas, exam 
rooms, testing areas (stress test, echocardiogram), rest 
rooms, office space, workstations, a break room, and 
storage space for office and medical supplies, medi-
cal records, and testing equipment. Space for a cardiac 
rehabilitation facility should also be considered. It is 
also important to plan for additional space based on 
predictions of future growth.

Staff
An integral part of a business plan is a personnel plan. 
The delineation of responsibilities and expectations 
for each staff member is critical to efficient operation 
of a center for CVD prevention. Staff and their spe-
cific roles may include:

 n Physicians: Medical director, clinical provider, 
spokesperson for the center, medical supervision of 
other clinical and nonclinical staff, performance and 
evaluation of clinical testing, and supervision for 
phase II cardiac rehabilitation.

 n Advanced-practice provider—nurse practitioner 
(NP) or physician assistant (PA): Clinical provider, 
program coordination, comprehensive patient educa-
tion of dietary, lifestyle and pharmacologic interven-
tions, evaluation of compliance to treatment plans, 
and referrals to subspecialists.

 n Nurses (RN): Patient care, program coordination, 
comprehensive patient education of dietary, lifestyle 
and pharmacologic interventions, evaluation of compli-
ance to treatment plans, and referrals to subspecialists.

 n Technicians: Independent performance of clinical 
testing including EKGs, echocardiograms, stress tests, 
and so on.

 n Dietician: Comprehensive nutrition counseling and 
medical nutrition therapy (MNT).

 n Exercise physiologist: Physical activity evaluation 
and exercise counseling.

 n Lifestyle/behavior change specialist: Comprehensive 
education of diet, exercise, weight loss, smoking ces-
sation, and behavior change.

 n Clinical manager: Management of patient care 
activities including coordination of clinical space and 
management of technicians.

 n Operations manager: General office management 
including maintenance of physical space, track-
ing office supplies, management of administrative 

identification of CVD in  high-risk patients, fami-
lies, and populations; (c) special emphasis on the 
prevention of CVD risk factors, events, and risk 
equivalents (eg, diabetes); (d)  evidence-based and 
guideline-driven treatment; (e) cost-effective, eco-
nomically viable management; and (f)  a multidis-
ciplinary approach (clinical, educational, research, 
and community outreach).

 Development of a business plan incorporating 
these components is the first step in the development 
of a center for CVD prevention. Although this chapter 
does not discuss the specific details of a business plan, 
it includes information that will aid in its develop-
ment, including discussion of (a) mission statement, 
goals, and objectives; (b) operational design; (c) clini-
cal design; and (d) financial design.

mission Statement, Goals, and objectives

The mission statement is the roadmap for the center 
and should concisely describe what the center for 
CVD prevention will do and for whom.

 n Example: “To improve cardiovascular outcomes in 
heart disease prevention through the highest quality 
patient and family centered care, research, and edu-
cation” (from The Emory Heart Disease Prevention 
Center, Emory University School of Medicine). The 
mission statement lays the ground work for goals of the 
preventive CVD center, which are broad statements that 
describe the short and long term outcomes for patients.

 n Example: “We are dedicated to (1) the comprehen-
sive assessment and management of individuals at risk 
for accelerated atherosclerosis (primary prevention) 
and those with established CVD (secondary preven-
tion) and (2) to provide the latest information on the 
prevention of atherosclerotic vascular disease to all 
patients” (from The Johns Hopkins Ciccarone Center 
for the Prevention of Heart Disease). In contrast, 
objectives are specific statements that can be clinical 
or operational.

 n Example: “To provide a cost-effective, economi-
cally viable, preventive CVD service with direct and 
indirect profit potential.”

operational Design

Physical Space
Three important considerations include:

 n Location: Convenient access with potential for 
ancillary services (other specialty medical clinics, 
laboratories, radiology facilities, etc.).
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assistants, and management of finances (including 
billing and budget analyses).

 n Administrative assistant: Greet and register patients 
for visit, schedule follow-up visits, manage patient–
provider communication.

 n Information technology specialist: Develop and 
maintain computer management systems.

Equipment
 n Office: Photocopy machines, computers, printers, 

telephones, and so on.
 n Medical: Machines for blood pressure, EKGs, echo-

cardiograms, stress tests, and heart monitors. Clinic 
rooms will require chairs, an exam table, a sink, and 
space to store examination gloves and other supplies.

Some equipment will be purchased and some 
leased. Other factors to consider include contracts for 
equipment repair and expendable supplies (e.g., EKG 
paper, heart monitor leads, etc.).

Information Technology and Management
Specific information technology (IT) services are 
required for documentation and management of 
patient medical records, appointment scheduling and 
notification, prescribing medications, clinical testing, 
test interpretation, and dissemination of test results. IT 
specialists are needed for the selection and develop-
ment of computer systems, maintenance and upgrades, 
and the training of staff in the use of programs.

Marketing
Although the specifics of a market analysis are not 
discussed in this chapter, concepts important to the 
development of a center for CVD prevention include: 

 n Referral base: Source of new patients
 l Current patient population (referral of family, 

friends, and coworkers).
 l Primary care providers as well as physicians in 

other specialties
 l Reputation: based on word of mouth, research 

publications (local and national), and association 
with other private and/or hospital groups.

 n Direct-to-consumer marketing opportunities: 
Attracting and enrolling new patients

 l Lectures at community education programs (local 
athletic clubs/wellness centers, churches), and 
organizations (AHA, American Stroke Association)

 l Hosting local CVD risk screening programs
 l Sponsoring local athletic tournaments
 l Partnering with local businesses for CVD pre-

vention of employees and customers (corporate 
entities, grocery stores)

 n Media resources: To increase the number of self-
referred patients both local and outside the community

 l Television and radio advertisements and 
presentations

 l Written materials (yearly clinic summaries, 
pamphlets, and research publications)

 l Clinic website (information about the center as 
well as CVD health information)

Clinical Design

In the clinical design of a center for CVD prevention, 
the focus should be to protect against the development 
of CVD, slow progression of already existing CVD, 
and decrease risk of CVD events and interventions 
through risk assessment and risk management. Mea-
surement of clinical outcomes and use of research and 
teaching will enhance clinical decision making and 
treatment.

Patient Population
A center for CVD prevention that focuses on all lev-
els of prevention will require clinical decision making 
and treatment plans that can be applied throughout a 
wide age range and all stages of CVD. A center for 
CVD prevention can focus on specific patient groups 
including: women and ethnic minorities, and indi-
viduals with metabolic disorders, premature vascular 
disease, subclinical and accelerated atherosclerosis, 
familial lipid disorders, refractory hypertension, fam-
ily history of coronary heart disease and stroke, recur-
rent chest pain without established CVD, heart and 
renal transplant, peripheral arterial disease, nontradi-
tional CVD risk factors (including rheumatoid arthri-
tis, systemic lupus erythematosus, and HIV), a history 
of radiation therapy for breast cancer or Hodgkin’s 
lymphoma, allergy or intolerance to traditional CVD 
pharmacotherapy, and multidrug pharmacotherapy 
unable to meet treatment goals.

Risk Assessment Plan
An individualized and comprehensive risk assess-
ment is the cornerstone for a CVD prevention center. 
It should include: evaluation of CV symptoms, past 
medical history, medications, family history, lifestyle 
behaviors (diet, exercise, and weight), laboratory find-
ings including lipid analyses and indices of glycemic 
control, and a comprehensive physical exam with spe-
cial emphasis on the cardiovascular system.

Risk assessment of individuals who present 
without known heart disease with or without CV risk 
factors (primary prevention) is a challenge. The ACC/
AHA have established New Pooled Cohort Equations 

Amsterdam_87864_PTR_26_248-257_9_26_14.indd   250 25/09/14   12:51 PM



26: Development of a Center for CarDiovasCular Disease prevention 251

website to disseminate patient test results, order medi-
cation, and so on.

Services Provided
Multidisciplinary programs may be made available as 
an integrated part of the clinic or through outside spe-
cialists. These include heart failure clinics, anticoagu-
lation clinics, peripheral vascular disease programs, 
chest pain management programs, women’s health 
centers, dieticians, lifestyle coaches, clinical exercise 
programs, and cardiac rehabilitation.

Clinical Outcomes Plan
A clinical outcomes plan should be developed during 
the initial design of the center. Clinical outcomes will 
influence the quality of service provided to patients 
and determine the extent to which risk assessment and 
risk management plans are effective in getting patients 
to therapeutic goal (blood pressure, cholesterol, serum 
glucose/HbA1C). The outcomes measured must be 
widely accepted by national guidelines, evidence 
based, reproducible, and easy to measure. Tools to 
measure outcomes may be embedded in already exist-
ing programs for patient documentation or exist as a 
separate tool.

Research and Training
Research (clinical, translational, epidemiologic/
population-based, or basic) on atherosclerosis and 
CVD risk factors as well as training of house staff, 
advanced practice providers, nurses, and research-
ers will promote identification of patients at risk for 
CVD and enhance clinical decision making and treat-
ment plans. In addition, both research and training 
will contribute to marketing for a center for CVD 
prevention.

financial Design

Financial Plan
A cost-effective, economically viable preventive CVD 
center requires a financial plan. An overall plan to 
estimate net operating income (the difference between 
total operating revenue and total operating expenses), 
accounts receivable (actual amount of money received 
from services), and cash flow (collected revenue 
minus total operating expenses) over several years 
will estimate the preventive CVD center’s ability to 
attain predetermined goals and influence investor 
risk assessment and lending. In the month-to-month 
management, a detailed profit and loss statement is 
required to outline monthly and annual year-to-date 
revenue and expenses compared to those budgeted.

for the estimated 10-year risk of developing athero-
sclerotic cardiovascular disease (ASCVD), defined 
as the risk of first ASCVD event including nonfatal 
myocardial infarction or coronary heart disease death, 
or fatal or nonfatal stroke (6). Primary prevention 
patients with no diabetes, an estimated 1-year ASCVD 
risk of ≥7.5% who are between 40 to 75 years of age 
with LDL-C between 70 to 189 mg/dL would benefit 
from statin therapy. However, if after quantitative risk 
assessment, a risk-based treatment decision is uncer-
tain, assessment of family history, high-sensitivity 
C-reactive protein, coronary artery calcium score, or 
ankle-brachial index may be considered to inform 
treatment decision making. Carotid intima-media 
thickness is not recommended for routine measure-
ment for risk assessment for a first ASCVD event (7). 

Risk Management Plan
Risk management must be individualized, compre-
hensive, and long term.

 n Evidence-based and guideline-driven treatment 
using the following national guidelines:

 l 2014 Evidence-Based Guideline for the Manage-
ment of High Blood Pressure in Adults (8)

 l 2013 ACC/AHA Guideline on the Treatment 
of Blood Cholesterol to Reduce Atherosclerotic 
Cardiovascular Risk in Adults (7)

 l 2013 AHA/ACC Guideline on Lifestyle Manage-
ment to Reduce Cardiovascular Risk (9)

 l 2013 AHA/ACC/TOS Guideline for the Manage-
ment of Overweight and Obesity in Adults (10)

 l Treating Tobacco Use and Dependence: 2008 
Update (11)

 n Additional testing for the management of risk fac-
tors, optimization of medication use, and determi-
nation of the need for interventions may include: 
laboratory testing, electrocardiograms, heart monitors, 
echocardiograms, cardiac CT scans, and stress tests.

 n Patient education may include both physical (hand-
outs, packets, and brochures) and online resources. 
Patient education is an important tool for CVD risk 
factor modification, lifestyle counseling (diet, exer-
cise, weight loss, and smoking cessation), and behav-
ioral modification counseling (including stages of 
change, single concept learning, and motivational 
interviewing).

 n A pre-established, specialty referral base may 
include those with expertise in diabetes, vascular dis-
ease, electrophysiology, heart failure, lipid apheresis, 
and cardiovascular interventions.

 n Patient–provider communication (HIPPA compli-
ant) in the form of mailed/e-mailed documents, phone 
conversations, phone-in sessions, and a protected 
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Expenses
Major expenses include: staff salaries and fringe benefits, 
rent, supplies and materials (computers and programs, 
copiers, testing machinery and supplies, service and 
leasing contracts), contractual service (building services, 
cleaning, telephones, utilities), clinical billing fees, staff 
education fees, and miscellaneous fees (domestic travel, 
food costs/catering).

Cost Effectiveness
Important aspects to minimize expenses and maxi-
mize profit include:

 n Understanding reimbursement: Financial success 
relies on reimbursement for services. Understanding 
the rules and regulations for reimbursement and the ser-
vices covered by health insurance programs, including 
Medicare (Parts A and B), Medicaid, Managed Care 
Organizations (Health Maintenance Organizations 
and Preferred Provider Organizations), and Private 
Fee-for-Service, will maximize reimbursement. It is 
also important to understand that reimbursement for 
NP and PA services will vary if billing: “ independent” 
(reimbursed at 85% Medicare allowable fee), 
“ incident to” under the physician’s Medicare num-
ber (reimbursed at 100% Medicare allowable fee), 
through Medicaid (reimbursed between 70–100% of 
Medicaid allowable fee) or through a Managed Care 
Organization (variable reimbursement based on con-
tracted coverage and state law). An accountant or 
manager who has expertise in medical billing and 
reimbursement can be invaluable to ensure remunera-
tion for the services provided.

 n Appropriate ICD-9 (diagnostic) and CPT (bill-
ing) coding: Accurate and efficient coding leads to 
appropriate reimbursement. ICD-9 codes, supported 
by clinical documentation, should be appropriate to 
the specialty (Table 26.1) and reflect all services pro-
vided, not only for the presenting symptoms/disease 
but also for coexisting conditions. ICD-9 codes iden-
tify patient problems and complexity of patient care. 
Electronic medical records programs are increasingly 
streamlining this process for the clinical provider. 
Tables 26.2A,B,C, and D provide CPT coding for 
new, return, and consultation outpatient visits specify-
ing requirements for history, exam, and medical deci-
sion making (MDM). If more than 50% of time was 
spent for counseling and/or coordination of care, it is 
not necessary to meet requirements by history, exam 
and MDM. Total face-to-face time, counseling/coor-
dination time (> 50% of total time), and what was 
discussed must be documented.

 n Efficient management of staff: Means to increase 
cost savings and enhance quality and value of care, 

Table 26.1 useful iCD-9 Codes for a Center for CvD 
prevention

Category ICD-9 Codes

signs and 
symptoms

794.31 abnormal eKg
786.59 Chest tightness/pressure
786.09 Dyspnea
780.71 fatigue/malaise
785.1 palpitations
780.4 Dizziness
782.3 edema

Coronary artery 
Disease

413.9 angina-stable exertional
414.00 Coronary atherosclerosis
414.01 CaD – native vessel 
Disease
440.9 subclinical atherosclerosis

Cardiomyopathy 
Heart failure/
myopathy

428.0 Congestive Heart failure
425.4 non-ischemic Cardiomyopathy
414.8 ischemic Cardiomyopathy

Hypertension 402.10 Hypertension-Bn-w/o 
CHf

rhythm 
irregularities

427.31 atrial fibrillation
427.0 svt
427.9 Cardiac Dysrhythmia, 
unspecified

valvular 
problems

424.1 aortic stenosis or aortic 
insufficiency
424.1 aortic valve Disorder
424.0 mitral valve Disorder
785.2 Heart murmur unspecified

vascular/
Cerebrovascular

435.9 tia
436 Cva iii Defined

occlusion and 
stenosis

433.1 Carotid
785.9 Bruit

peripheral 
vascular

443.9 peripheral vascular Disease

Diabetes/
metabolic 
syndrome

250.00 niDDm Controlled
250.02 niDDm uncontrolled
250.01 iDDm Controlled
250.03 iDDm uncontrolled
277.7 metabolic syndrome
278.00 obesity
790.21 impaired fasting glucose

Cholesterol 272.0 Hypercholesterolemia
272.1 Hypertriglyceridemia
272.2 mixed Dyslipidemia

sleep 
Disturbances

780.53 sleep apnea

tobacco use 
Disorder

305.1 smoker (tobacco abuse)

(continued )
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“incident to,” for management of return patients mak-
ing available more new patient visits with physicians 
with 100% reimbursement, referring patients to out-
side centers for testing, and (d) sending patients need-
ing individualized lifestyle/behavior modification 
to outside specialists such as dieticians and exercise 
physiologists.

 n Efficient management of patient volume: Specifying 
time limits for new and return patient visits, optimiz-
ing the number of patients seen per day per provider, 
organizing schedules to efficiently combine clinic vis-
its with testing and developing a schedule for long-
term follow-up.

 n Efficient use of office space: Consideration should 
be given to shared office spaces as well as renting 
office space during nonclinic hours for community 
meetings or use by other clinicians.

 n Tracking clinical outcomes: This will provide data 
on patient satisfaction and success in patient care 
(meeting clinical goals, minimizing interventions 
and mortality) to bolster marketing, provide justifi-
cation for referrals and coding and billing to support 
Medicare and Medicaid claims, and fulfill require-
ments for cardiac rehabilitation certification.

Table 26.2a Cpt Coding requirements for new patient visits

level

History
Must Meet or exceed all 

3 elements

1995 exam Guidelines:
Office or Other Oupatient 

Services Medical Decision Usual Time

99201 •  Chief Complaint
•  HPI: 1–3 elements
•  ROS: N/A
•  PFSH: N/A

1 body area or organ system STRAIGHTFORWARD 10 min

99202 •  Chief Complaint
•  HPI: 1–3 elements
•  ROS: 1
•  PFSH: N/A

2–7 body areas or organ 
systems with limited exam of 
affected body area/system

STRAIGHTFORWARD 20 min

99203 •  Chief complaint
•  HPI: 4 or more elements 
or the status of 3 chronic 
or inactive conditions
•  ROS: 2 to 9
•  PFSH: 1

2–7 body areas or organ 
systems with extended 
exam of the affected body 
area/system

LOW COMPLEXITY 30 min

99204 •  Chief complaint
•  HPI: 4 or more elements 
or the status of 3 chronic 
or inactive conditions
•  ROS: 10+
•  PFSH: 3

8 or more body areas or 
organ systems

MODERATE 
COMPLEXITY

45 min

Category ICD-9 Codes

testing 794.30 abnormal Cardiac study/
abnormal stress test

personal History v45.81 status post CaBg
v45.82 status post ptCa

family History v17.3 family history of early CvD
v18.0 family history of Dm

screening for v81.0 ischemic Heart Disease
v81.1 Hypertension

medications v58.69 long-term use high-risk 
medication

Table 26.1 useful iCD-9 Codes for a Center for CvD 
prevention (continued)

(continued )

which includes: (a) combining a clinic and operations 
manager into one role, (b) combining the provider role 
of an advanced-practice provider (NP or PA) with a 
lifestyle/behavior change specialist (12) or a stress test 
technician, (c) the use of NPs or PAs, who are billing 
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level

History
Must Meet or exceed all 

3 elements

1995 exam Guidelines:
Office or Other Oupatient 

Services Medical Decision Usual Time

99205 •  Chief complaint
•  HPI: 4 or more elements 
or the status of 3 chronic 
or inactive conditions
•  ROS: 10+
•  PFSH: 3

8 or more body areas or 
organ systems

 HIGH COMPLEXITY 60 min

Modifier 24: indicates an unrelated e&m service by the same physician has taken place during the post-op period.
Modifier 25: indicates a significant, separately identifiable e&m service by the same physician on the same day of a procedure or 
other service has taken place.
Modifier GC: indicates the service has been performed in part by a resident under the direction and supervision of a teaching 
physician following medicare’s teaching physician’s guidelines.
billing based on “TIMe”: if more than 50% of the face-to-face visit is spent on counseling and/or coordination of care, document 
the total time of encounter, the amount of time spent counseling, as well as summarize the topics discussed.
Source: http://www.hcmarketplace.com/supplemental/4713_browse.pdf.

Table 26.2a Cpt Coding requirements for new patient visits (continued) 
(http://www.hcmarketplace.com/supplemental/4713_browse.pdf)

Table 26.2b Cpt Coding requirements for established patient visits

level

History
Must Meet or exceed  

2 of 3 elements

1995 exam Guidelines:
Established Patient 

Office Visits Medical Decision Usual Time

99211 • Minimal presenting 
problem
• MD supervision, but 
 presence not required

“nurse’s code”—the 
patient’s medication may 
need to be adjusted or the 
patient displays symptoms 
that needs to be addressed.

MINIMAL 5 min

99212 • Chief Complaint
• HPI: 1–3 elements
• ROS: N/A
• PFSH: N/A

1 body area or organ 
system

STRAIGHTFORWARD 10 min

99213 • Chief Complaint
• HPI: 1–3 elements
• ROS: 1
• PFSH: N/A

2–7 body areas or organ 
systems with limited exam 
of affected body area/
system

LOW COMPLEXITY 15 min

99214 • Chief complaint
• HPI: 4 or more elements 
or the status of 3 chronic or 
inactive conditions
• ROS: 2 to 9
• PFSH: 1

2–7 body areas or organ 
systems with extended 
exam of the affected body 
area/system

MODERATE 
COMPLEXITY

25 min

99215 • Chief complaint
• HPI: 4 or more elements 
or the status of 3 chronic 
or inactive conditions
• ROS: 10+
• PFSH: 3

8 or more body areas or 
organ systems

HIGH COMPLEXITY 40 min

Modifier 24: indicates an unrelated e&m service by the same physician has taken place during the post-op period.
Modifier 25: indicates a significant, separately identifiable e&m service by the same physician on the same day of a procedure or 
other service has taken place.
Modifier GC: indicates the service has been performed in part by a resident under the direction and supervision of a teaching 
physician following medicare’s teaching physician’s guidelines.
billing based on “TIMe”: if more than 50% of the face-to-face visit is spent on counseling and/or coordination of care, document 
the total time of encounter, the amount of time spent counseling, as well as summarize the topics discussed.
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Table 26.2D medical Decision making

Medical Decision Making

Type of Decision 
Making

Number of Diagnosis 
or Management 

Options

Amount and/or  
Complexity of  

Data to be Reviewed
Risk of Complications and/or 

Morbidity or Mortality

STRAIGHTFORWARD minimal minimal or none minimal

LOW COMPLEXITY limited limited low

MODERATE 
COMPLEXITY

multiple moderate moderate

Table 26.2C Cpt Coding requirements for Consultation visits

level

History
Must Meet or exceed  

all 3 elements
1995 exam Guidelines:

Office Consultation Services Medical Decision
Usual 
Time

99241 • Chief Complaint
• HPI: 1–3 elements
• ROS: N/A
• PFSH: N/A

1 body area or organ system STRAIGHTFORWARD 15 min

99242 • Chief Complaint
• HPI: 1–3 elements
• ROS: 1
• PFSH: N/A

2–7 body areas or organ 
systems with limited exam of 
affected body area/system

STRAIGHTFORWARD 30 min

99243 • Chief complaint
• HPI: 4 or more elements 
or the status of 3 chronic or 
inactive conditions
• ROS: 2 to 9
• PFSH: 1

2–7 body areas or organ 
systems with extended exam 
of the affected body area/
system

LOW COMPLEXITY 40 min

99244 • Chief complaint
• HPI: 4 or more elements 
or the status of 3 chronic or 
inactive conditions
• ROS: 10+
• PFSH: 3

8 or more body areas or 
organ systems

MODERATE 
COMPLEXITY

60 min

99245 • Chief complaint
• HPI: 4 or more elements 
or the status of 3 chronic or 
inactive conditions
• ROS: 10+
• PFSH: 3

8 or more body areas or 
organ systems

HIGH COMPLEXITY 80 min

Modifier 24: indicates an unrelated e&m service by the same physician has taken place during the post-op period.
Modifier 25: indicates a significant, separately identifiable e&m service by the same physician on the same day of a procedure or 
other service has taken place.
Modifier GC: indicates the service has been performed in part by a resident under the direction and supervision of a teaching 
physician following medicare’s teaching physician’s guidelines.
billing based on “TIMe”: if more than 50% of the face-to-face visit is spent on counseling and/or coordination of care, document 
the total time of encounter, the amount of time spent counseling, as well as summarize the topics discussed.

(continued )
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Medical Decision Making

Type of Decision 
Making

Number of Diagnosis 
or Management 

Options

Amount and/or  
Complexity of  

Data to be Reviewed
Risk of Complications and/or 

Morbidity or Mortality

HIGH COMPLEXITY extensive extensive High

STRAIGHTFORWARD: one self-limited or minor problem ex: cold, insect bite, tinea corporis. Possible medical tests or proce-
dures: blood draws, chest x-rays, eKg/eeg, urinalysis, and ultrasounds
LOW COMPLEXITY: two or more self limited or minor problems, one stable chronic illness (well controlled htn, niDDm, cataract), 
acute uncomplicated illness/injury, cystitis, allergic rhinitis, simple sprain. Possible medical tests: physiological test not under 
stress, non-cardiovascular imaging w/contrast (barium enema), superficial needle bx, Clinical lab test requiring arterial puncture, 
skin bx.
MODERATE COMPLEXITY: one or more chronic illness w/ mild exacerbation, progression, or side effects of treatment, two or 
more stable chronic illness, undiagnosed new prob. w/ uncertain prognosis (ex: breast lump), acute illness w/systemic symptoms 
(ex: pyelonephritis, pneumonitis, colitis), acute complication injury (ex: head injury with brief loC). Possible medical tests: 
physiologic test under stress (cardiac stress test), Diagnostic endoscopy w/no identified risk factors, Deep needle or incisional bx, 
Cardiovascular imaging w/contrast (ex: cardiac cath), obtain fluid from body cavity (ex: thoracentesis)
HIGH COMPLEXITY: one or more chronic illness w/ severe exacerbation, progression, or side effects of treatment, acute or 
chronic illness or injuries posing a threat to life or body function, abrupt change in neurologic status (ex: seizure, tia, weakness, 
sensory loss). Possible medical tests: Cardiovascular imaging w/ identified risk factors, Cardiac eps tests, Diagnostic endoscopies 
with identified risk factors, Discography
TEACHING PHYSICIAN (TP) GUIDELINES: the following must be documented by teaching (billing) physicians: they were physi-
cally present and participating DURING THE KEY COMPONENT of the service rendered, that they verify pertinent findings in the 
resident’s note, AND personally document modifications/enhancements to the resident’s note.

Table 26.2D medical Decision making (continued)

Summary

Development of a center for CVD prevention for 
patients at all prevention levels requires a business 
plan that incorporates a mission statement, goals, and 
objectives as well as designs for the operational, clini-
cal, and financial aspects of the center. Inclusion of 
the essential components for the prevention of CVD 
into this business plan will provide a focus on preven-
tion that extends not only to individual clinical care 
but also to population-based care.

Preventive medicine is being emphasized in 
health care given the increasing focus on quality ini-
tiatives and cost reduction strategies. Evidence sup-
ports the cost-effective, prevention strategies utilized 
in a center for CVD prevention including: (a) use of 
aspirin, antihypertensive medications, and statins 
(13–15); (b) screening for diabetes (16); (c) cardiac 
rehabilitation (17); and (d) counseling for nutrition, 
weight management, and smoking cessation (18–20). 
There is also financial incentive for patients to utilize 
preventive CVD centers as co-pay, co-insurance, or 
deductibles for blood pressure, diabetes, and choles-
terol screening or counseling for smoking cessation, 
weight loss, and diet may not be required under the 
Affordable Care Act (21).

Ultimately, it is the focus on prevention of CVD 
that will influence provider quality of care, patient 

quality of life, and the economic impact of CVD on 
our nation’s health care system.
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27
Exercise-Based Cardiac 
Rehabilitation

Although there has been suboptimal referral and 
adherence to these programs in the past, recent 
trends indicate an encouraging increase in utili-
zation, but not yet at the level of other secondary 
prevention practices such the use of aspirin, beta 
blockade, and statins. Exercise-centered cardiac 
rehabilitation should be considered for secondary 
prevention in all patients with CHD and other car-
diovascular diseases.

The role of physical activity in the manage-
ment of patients with cardiovascular disease (CVD) 
has undergone major evolution from mid-twenti-
eth century to the present. Previously proscribed 
because of fear of adverse effects, exercise has 
assumed a central position in contemporary car-
diac rehabilitation (CR) programs (1–3). Improved 
understanding of the pathophysiology of CVD and 
the potential therapeutic and prophylactic benefits 
of systematic exercise have provided a sound clini-
cal basis for this development. Recognition of the 
detrimental effects of inactivity (deconditioning) 
has also endorsed physical activity in both health 
and disease.

Contemporary CR comprises a comprehensive 
program which, in addition to the key element of exer-
cise, also addresses cardiac risk factors, diet, patient 
education, lifestyle, and stress; monitors clinical signs 
and symptoms; and assesses pharmacologic and non-
pharmacologic therapy. As these factors are the subjects 
of separate sections in this manual, this chapter focuses 
on the role of exercise in CR. The goals of CR are, as is 

true of virtually all medical therapy, to: (a) reduce symp-
toms, (b) enhance capacity for recreation and occupa-
tion, (c) decrease morbidity, and (d) improve survival. 
These objectives are feasible in the majority of cardiac 
patients, most of whom are capable of a CR program to 
enhance their cardiovascular and general health.

In the American Heart Association (AHA)/
American College of Cardiology (ACC) guidelines 
for secondary prevention, referral to a CR program 
has a class I recommendation (1); it is further stated 
that all patients who have recovered from a MI, who 
are post-CABG surgery, or have undergone a percuta-
neous coronary intervention (PCI) should be referred 
to an outpatient CR program either before discharge 
from hospital or during their first follow-up visit. In 
2007, referral to a CR program after acute MI was 
designated a performance measure by several profes-
sional societies (3). In addition, CR has been applied 
at some centers to patients without coronary heart 
disease but with high coronary risk profiles reflected 
by their coronary risk factors. However, there are no 
current practice guidelines that include these patients.

The documented and potential benefits that may 
result from an exercise program in patients with ath-
erosclerosis are multiple (5) and are summarized in the 
Table 27.1. In the case of low-risk patients, a home-based 
plan can be substituted for a supervised, center-based 
program (4). The degree of medical supervision required 
is related to the level of individual patient risk and ranges 
from direct on-site monitoring to nonsupervised exercise 
after “graduating” from a formal CR program.
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effects on risk factors such as lipids, glycaemia, 
obesity, and blood pressure. Reduction in adrener-
gic drive contributes to decreased peripheral arterial 
resistance and thereby an increase in stroke volume 
(10,11). Although at the usual submaximal training 
intensities of cardiac patients, ET has little or no 
direct effects on the heart (4,12,13), the aforemen-
tioned physiologic and metabolic alterations have a 
salutary influence on clinical outcomes that include 
improved quality of life, less functional impairment, 
decreased angina symptoms, and fewer repeat hospi-
talizations (4–6,14–16) (Table 27.1, Figures 27.1 and 
27.2). However, because ET is typically administered 
as one component of comprehensive CR, it has been 
a challenge to determine to what extent favorable out-
comes in CR are attributable to any single one of the 
multiple interventions utilized.

It is also important to recognize that, in addition 
to the benefits conferred by a formal ET program, even 
low levels of physical activity in hospitalized patients 
can avert the detrimental deconditioning effects of 
enforced bed rest such as loss of muscle mass and 
strength, reduced exercise capacity, impaired bowel 
and bladder function, and depressed morale, as well as 
multiple unfavorable metabolic actions. In fact, cur-
rent comprehensive CR programs are an outgrowth 
of initial approaches to early, low-level activity in 
patients managed in the cardiac care unit (CCU). The 
rapid reduction of functional capacity induced by rela-
tively short periods of bed rest and the activity-related 
recovery are depicted in Figure 27.1.

ThE ExERCisE PREsCRiPTion  
and TRaining PRogRam

As we have previously described (4), the exercise 
prescription and training program are tailored to the 
capability and needs of the individual patient. The 
prescription is usually based on a formal exercise test 
which is the key element in formulating the exercise 
prescription. ET is introduced at a relatively low level 
and progressively advanced at a suitable rate. Thus, 
the period over which this progression takes place may 
be weeks or months. The effects of ET on functional 
capacity and the relation between cardiac work and 
external performance are depicted in  Figures 27.1 and 
27.2, respectively. It can be seen that after ET there is 
an increase in total aerobic capacity (functional capac-
ity, Figure 27.1) and a decrease in MVO

2
 (ie, cardiac 

work) for a given external workload, expressed as 
exercise “Intensity” in Figure 27.2. It can be read-
ily appreciated that the latter result simulates that of 
pharmacologic beta adrenergic blockade; however, of 

PhysiologiC EffECTs of ExERCisE 
TRaining and ThERaPEuTiC 
aPPliCaTion

Appreciation of the therapeutic potential of exer-
cise in CVD is predicated on an understanding of 
the physiologic alterations conferred by systematic 
physical training. Habitual exercise training (ET) is 
defined as the performance of repetitive activity for 
the purpose of improving physical performance. ET 
can include several physiologic modalities (4): aero-
bic (e.g., walking, running), resistance (e.g., weight 
training), or a combination of these methods (e.g., 
cycling, rowing). The most common form of ET in 
patients with CVD is aerobic and it usually comprises 
walking or jogging. The other exercise modalities are 
also applicable; selection is based on the specific goal 
of training.

The fundamental effects of aerobic ET are 
an  increase in maximal functional capacity, that 
is, total body oxygen consumption (VO

2
 max) (6) 

 (Figure 27.1) and a reduction in cardiac work, that 
is, myocardial oxygen demand (MVO

2 
), most sim-

ply reflected by the heart rate × systolic blood pres-
sure, in response to a given submaximal external 
workload (4) (Figure 27.2). These adaptations result 
from the induction of an array of complex, benefi-
cial physiologic and anatomic alterations in multiple 
organ systems (4–11): increased capillary density 
and oxidative enzyme activity in the trained skeletal 
muscles; vagotonia and sympatholysis, resulting in 
inhibition of excessive exercise-induced adrenergic 
drive at submaximal levels of stress; improved venti-
latory function (ventilatory threshold); and favorable 

Table 27.1 Potential Benefits of aerobic Exercise 
training

atherosclerotic risk factors
  increased high density lipoprotein cholesterol 

reduced triglycerides (possibly reduced low-density 
lipoprotein cholesterol)

 increased insulin sensitivity, reduced blood glucose
 improved endothelial function
 decreased blood pressure
 decreased psychological stress

cardiovascular
 increased maximal functional capacity
 reduced submaximal myocardial oxygen demand
 reduced myocardial ischemia at submaximal exertion
 decreased atherosclerosis
 decreased morbidity and rehospitalization

hematologic
 increased blood volume
 increased fibrinolytic activity
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Figure 27.1 Effect of bed rest and exercise training on maximal oxygen consumption in five healthy men. the small 
vertical bars in the linear data of each subject indicate the point at which maximal oxygen consumption returned to 
the control value prior to bed rest
Source: from ref. (6). saltin B, Blomquist g, mitchell Jh, Johnson rl Jr, Wildenthal K, chapman cB. response to exercise after bed 
rest and training. Circulation. 1968;38(5 suppl):viii-78.
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Figure 27.2 Effect of exercise training on resting and exertional cardiac work (represented by heart rate [hr] and 
blood pressure [BP]), which are directly related to myocardial oxygen demand. after training, hr and BP are lower 
than pretraining at the same level of submaximal exertion, indicating lower myocardial oxygen demand at these 
levels. the angina threshold is not altered but angina occurs after a longer and more intense level of exertion. these 
effects are similar to those of beta blockade and of rate-limiting calcium channel blockers.
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considerable importance, it is achieved without drug 
therapy.

The training effect is induced by an aerobic exer-
cise intensity of 60% to 80% of an individual’s maximum 
work capacity (determined from the exercise test) for at 
least 20 min per exercise session, at least 3 to 4 times per 
week for at least 12 weeks, but greater longevity is asso-
ciated with enhanced physiologic alterations. In patients 
who are clinically stable and several weeks or more 
posthospitalization, or those who start as outpatients, a 
formal exercise program is usually prescribed.

The exercise test is typically performed on a tread- 
mill using a procedure such as the Balke–Naughton  
protocol which starts at a low intensity suitable for a 
cardiac patient’s entry level and utilizes small incre-
ments of increased exercise intensity and grade dur-
ing the test. The endpoint of the test is either symptom 
onset or a heart rate of 70% to 75% of age-predicted 
maximum. Age-predicted maximum heart rate is esti-
mated as 200 minus age. (This number is inexact and 
has a standard deviation of ± 10 beats/min; true maxi-
mum heart rate is that achieved on a maximum exer-
cise test, which is not appropriate for cardiac patients at 
initiation into an ET program.) If there are no signs or 
symptoms (e.g., no ischemic ST-segment shift, arrhyth-
mia, angina, excessive rise in blood pressure (systolic 
pressure >180 mmHg, fall in pressure, excessive dys-
pnea) at this level, it can serve as the intensity for the 
exercise prescription: ~70% of age-predicted maximum 
heart rate, which can be performed on a treadmill under 
supervision on beginning the program. The minimum 
frequency and  duration of each session and longevity 
over which ET is performed are noted above; session 
should be preceded by a 5 to 10 minute warm-up and 
followed by a 5 to 10 minute cool-down. ET performed 
according to these criteria results in a reduction of rest-
ing heart rate of ~ 1 beat/min each week, with progres-
sive alterations in exercise capacity toward goal. At 
completion of the duration of the patient’s program, a 
repeat exercise test can be performed and the prescrip-
tion adjusted based on the new exercise performance. 
The patient who was in a supervised program can be 
considered for continuation in an unsupervised home-
based program. If, on the initial intake exercise test, 
abnormalities occur at the target heart rate or lower, the 
exercise prescription is based on the heart rate at which 
the abnormality occurred and the training intensity is 
70% to 75% of that heart rate with ET performed under 
medical supervision. If it is judged that the patient is 
not stable enough for ET, the patient will be referred to 
his or her primary care physician and/or cardiologist for 
further management.

It was previously considered that only aerobic 
ET was appropriate for cardiac patients. However, it is 

now recognized that prudent strength training is both 
safe and beneficial for appropriately selected patients. 
We have reported that in patients with coronary 
artery disease (CAD) who can perform a symptom- 
limited treadmill test without abnormalities, resis-
tance training with a load that allows 20 repetitions 
(e.g., bicep curls) without straining is safe and results 
in increased strength (15). The value of this approach 
is that tasks of daily living involving strength are 
associated with reduced cardiac work after strength 
training and thereby less propensity for cardiac 
symptoms.

TRadiTional and ConTEmPoRaRy 
CaRdiaC REhaBiliTaTion PRogRams

CR in patients following an acute coronary syndrome 
(ACS) is typically implemented in three phases.

Phase I: Inpatient hospital phase beginning in 
the CCU

Phase II: Outpatient hospital-based phase for 2 to 
4 months

Phase III: Maintenance phase for 4 to 6 months (or 
up to12 months)

In Phase III, which is also referred to as long-
term CR, patients continue an exercise program 
(which may be expanded to cycling, jogging, swim-
ming, calisthenics, weight training, and endurance 
sports) and health-related behavior modification pro-
cedures, at home or in a community-based facility.

Initiated in stable post-MI CCU patients in the 
1960s, physical activity in the CCU usually begins 
on day 2 and continues in a gradual and progressive 
manner through the remainder of hospitalization. 
(The admonition regarding clinical stability can-
not be overemphasized prior to initiation of physical 
activity.) Consisting initially of low-energy functions 
such as self-care, activity progresses to bedside chair 
and ambulation within the patient’s room, and then to 
further ambulation outside the room. These activities 
avert the deleterious effects of enforced immobiliza-
tion. Response to activity is scrutinized by symptoms, 
vital signs, and electrocardiogram (ECG) monitoring, 
Progressive activity continues after discharge, such as 
walking one-half to one block one or two times daily 
for the first week or two and increasing toward normal 
nonstrenuous physical functions. Two to three weeks 
following hospital discharge, stable patients may be 
referred to evaluation for a formal comprehensive 
CR program, as described earlier in this chapter, that 
includes the full complement of risk reduction aspects 
in addition to ET.
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aCCEss To PRogRams

In spite of the demonstrated benefits of secondary pre-
vention, between 2000 and 2007, only 56% of eligible 
patients were referred to CR, based on the American 
Heart Association’s “Get With the Guidelines Pro-
gram” (17). These low rates of participation appeared 
to be related to factors such as the cost of the programs, 
lack of access to services, absence of social support, 
patient anxiety, excessive travel time, failure to obtain 
release from work, patients’ lack of knowledge regard-
ing the benefits of rehabilitation services, and poor 
patient motivation. Failure to receive rehabilitation 
services was associated with both lower educational 
levels and income, and women were also less frequent 
participants. To enhance utilization of secondary pre-
vention programs for post-MI patients, the AHA devel-
oped the “Get With The Guidelines Initiative” (18), but 
despite a referral rate of 53% to cardiac rehabilitation 
programs, actual enrollment was only 19%. However, 
since its designation as a quality measure in 2007, 
we have found that referral to CR has significantly 
increased and was most recently greater than 80% in 
eligible patients in one large database (19). Neverthe-
less, referral to CR is lower than other recommended 
measures such as prescription of aspirin, beta-blockers, 
and counseling for smoking cessation, all of which 
have adherence rates greater than 95%.

The low level of participation and/or enroll-
ment in CR programs was attributed to both physi-
cian inertia in referring patients and the “natural” 
reluctance of patients to undertake health-promoting 
behaviors (20), coupled with absence of an effective 
strategy to transition patients from hospital to orga-
nized long-term programs. These issues require opti-
mal coordination of caregivers (nurses, resident staff, 
attending physicians) in hospitals and by primary care 
physicians in their own practices. In the United States, 
secondary prevention services are largely determined 
by the realities imposed by patients’ insurance cover-
age. The latter includes one of three basic categories 
of health care coverage: (a) third party payers (i.e., 
private insurance plans), (b) Medicare, and (c) Medic-
aid. In addition, a significant number of patients have 
some form of dual coverage coupled with a copay-
ment for which they are responsible.

summaRy

Exercise training is a central component of contem-
porary cardiac rehabilitation programs. Referral to 
cardiac rehabilitation has a class I recommendation in 

the secondary prevention guidelines of the American 
Heart Association and American College of Cardiol-
ogy and has been designated a quality measure for 
patients following myocardial infarction. It has also 
been extended to a spectrum of cardiovascular disease. 
The benefits of appropriately applied exercise training 
include numerous favorable physical and metabolic 
alterations that contribute to improved cardiovascular 
risk factors, reduced symptoms, enhanced functional 
capacity, and less morbidity. Although there has been 
suboptimal referral and adherence to these programs, 
recent trends indicate an encouraging increase in 
utilization. Exercise-centered cardiac rehabilitation 
should be considered for secondary prevention in all 
patients with cardiovascular disease.
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