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PREFACE

v

Coronary Disease in Women: Evidence-Based Diagnosis and Treatment provides a
clinical management approach to the care of women with known or suspected coronary
artery disease. Whereas previous books on the subject have focused on gender-based
differences in the epidemiology of coronary disease as well as in gender bias in treatment,
this text focuses on the daily clinical management of women using an evidence-based
approach.

Because women’s health is also a critical issue to health care administrators, an increas-
ingly important decision maker in health care, additional chapters address managing
women’s health issues in our current era of managed care and organizing a women’s health
center. Topical issues on the effectiveness of using a gynecologist to diagnose or manage
coronary disease, as well as the cost effectiveness of diagnosis and treatment are also
included.

In the current health care era, there is an increased use of guidelines or pathways of care
that are developed within managed care organizations to deal with coronary artery dis-
ease. Coronary Disease in Women includes special management issues with women in
developing clinical pathways, including those of primary and secondary prevention of
coronary heart disease. Primary care physicians, including cardiologists, family practi-
tioners, and general internists should find this text both informative and timely.
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I INTRODUCTION



THE INSTITUTE OF MEDICINE REPORT

The recently released Institute of Medicine (IOM) report (1) Exploring the Biologi-
cal Contributions to Human Health: Does Sex Matter? advocated the study of sex dif-
ferences “from womb to tomb” to improve the quality and appropriateness of health
care services for women. This landmark IOM report reviews the pervasive gender bias
in medical research, highlighting that a better understanding of the differences in
human disease between the sexes is required, with the translation of these differences
into clinical practice.

In the study of human subjects, the report recommends that the term sex should be
used as a classification, generally as male or female, according to the reproductive
organs and functions that derive from the chromosomal components. The term gender
should be used to refer to a person’s self-representation as a male or female or how that
person is responded to by social institutions on the basis of the individual’s gender pre-
sentation. Sex is biologic; gender is the term used to characterize people of different
sexes in sociological, psychological, or behaviorial terms.

In the past decade, human biology discoveries have demonstrated that both normal
physiological and pathological functions are directly influenced by sex-based biology
differences. This underlies the need to consider sex in the design and analysis of all
aspects and at all levels of biomedical and health-related research. The study of sex dif-
ferences is evolving into a mature science, emphasizing that sex governs human physi-
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ology and health far beyond the realm of reproduction, sex hormones and sex chro-
mosomes.

Sex is a basic human variable that influences health and illness across the lifespan.
There are differences between the sexes in the prevalence and severity of a wide range
of diseases and medical conditions. Men and women have different patterns of illness,
lifespans, metabolism, and they respond differently to therapies. There are sex differ-
ences in the susceptibility to diseases and responses to environmental stresses and drug
treatments. Researchers must pay increased attention to the different ways in which
women and men are affected by both diseases and disease treatments. The unique
health profiles of minority populations, and in particular, cultural and racial effects on
health, also require attention.

Both sex differences and similarities must be monitored in human diseases; this will
be enabled by making sex-specific data more readily available. Since 1990, the
National Institutes of Health (NIH) has required the inclusion of women in all NIH-
sponsored research; since 1994, analysis of outcomes by sex has been required. The
analysis and presentation of sex-based differences in clinical research results are requi-
site to ascertain and understand sex-specific components of disease pathogenesis, diag-
nostic modalities, preventive approaches, and therapeutic interventions, as well as to
develop new approaches to disease prevention, diagnosis, and management. Scientific
journal editors should encourage researchers to report the results of sex analyses. For
example, why do females have a greater risk of developing life-threatening ventricular
arrhythmias with a variety of potassium-channel blocking drugs? Why do females
recover language ability more rapidly after a left hemisphere stroke?

Previously, men were viewed as the norm or standard, and sex differences tended to
be underreported rather than highlighted. Other than differences in reproductive sys-
tems, the historical assumption was that men and women reacted comparably to dis-
eases and drugs. There must be a change in this traditional male-oriented approach to
fact finding. Basic genetic and physiological differences as well as environmental fac-
tors cause behavioral and cognitive differences between the sexes. Sex differences can
affect behavior, perception, and overall health and wellness. What must be considered
are the relative roles of biology and the environment.

It is imperative to include women in every aspect of health research, testing, and tri-
als. Medical researchers must devote attention to differences between males and
females even at the cellular level. Important sex differences that extend to the cellular
and molecular levels involve all cells, not just the reproductive system. “Every cell has
a sex.” Many of the basic biochemical differences of cells derive from genetic, rather
than hormonal differences; underlying mechanisms must be studied and explained. For
example, the Y chromosome and an apparently inactive X chromosome likely plays a
role in cell life. Little research has been done regarding sex differences at the cellular
level, and there is rarely any delineation when cells or tissues are used in experiments
as to whether they derive from men or from women. Do sex differences at the cellular
level explain why diseases affect men and women differently? Previously, only epi-
demiological differences in whole organisms were examined for sex differences; basic
biologic research is needed. In the materials and methods section, researchers should
disclose the sex of origin of biological research material (i.e., whether cells or tissue
cultures derive from male or female patients or animals). There must be a paradigm
shift to address the pervasiveness of cellular genetic differences based on sex.
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Until recently, medical researchers did little to ensure that women received the
same representation as men in clinical studies and that studies were designed to allow
analyses of data by sex. Often the trials were underpowered for statistical power,
owing to inadequate numbers of women recruited. Particularly in phase I data,
women remain underrepresented. Women’s health requires the inclusion of women
by researchers, with systematic analyses of the differences between the sexes. Once
clinical trials show differences in how the sexes react to diseases and drugs, health
care practitioners must consider these differences in their preventive, diagnostic, and
therapeutic practices. Although sex differences in physiology extend far beyond the
realm of reproduction, the effects of menstrual cycle phases, of menopause, and of
menopausal hormone therapy on diseases and drugs must be ascertained in clinical
studies. Sex differences must be explored in drug pharmacokinetics, pharmacody-
namics, safety, and side effects.

OVERALL RECOMMENDATIONS: THE IOM REPORT

The IOM advises the federal government on health issues. The IOM report provides
14 recommendations for scientists:

Recommendations for research

• Promote research on sex at the cellular level
• Study sex differences from womb to tomb
• Mine cross-species information
• Investigate natural variations
• Expand research in sex differences in brain organization and function
• Monitor sex differences and similarities for all human diseases that affect both sexes

Recommendations for addressing barriers to progress

• Clarify the use of sex and gender terms
• Support and conduct additional research on sex differences
• Make sex-specific data more readily available
• Determine and disclose the sex of origin of biological research materials
• Conduct longitudinal studies and construct them so that their results can be analyzed

by sex
• Identify the endocrine status of research subjects (an important variable that should be

considered, when possible, in analyses)
• Encourage and support interdisciplinary research on sex differences
• Reduce the potential for discrimination based on identified sex differences

THE IOM REPORT AND CORONARY HEART DISEASE

The IOM report highlighted pervasive sex differences in the prevalence and severity
of a wide range of diseases, disorders, and medical conditions. This report emphasized
the need to examine sex differences in the incidence and severity of heart disease as
well as the incidence and severity of pain and pain syndromes.

Specific to coronary heart disease (CHD) and highly relevant to this volume is the
spectrum of sex differences. Cardiovascular disease (CVD) is the leading cause of
death for American women; whereas men are experiencing a decline in deaths as a
result of CVD, the number of CVD deaths in women is increasing. Age-adjusted inci-
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dent CHD is greater in African-American women age 20–54 years than in white
women, but lower in African-American men than in white men.

Men incur myocardial infarction (MI) approx 10–15 years earlier than women, yet
men have a better 1-year postinfarction survival rate than women. However, men die at
an earlier age. Heart attack symptoms show distinct sex differences, with men experi-
encing acute, crushing chest pain and many women experiencing shortness of breath
and fatigue, in addition to classical chest pain.

Regarding coronary risk factors, hypertension and hypercholesterolemia are more
prominent in men than women until their late 40s and early 50s; after that, the preva-
lence is higher in women. High triglyceride levels present a greater risk to women than
to men; low high-density lipoprotein (HDL) cholesterol levels may be a better predic-
tor than high low-density lipoprotein (LDL) for coronary risk in women. Mortality
from CHD is two to four times greater in diabetic than nondiabetic men, but three to
seven times greater in diabetic than nondiabetic women. It must be considered unlikely
that menopausal hormone therapy has a cardioprotective effect. As a response, health
care organizations, including the American Heart Association, have undertaken gender-
specific coronary risk reduction programs. Yet, in a survey conducted by the Society
for Women’s Health Research, most women were unaware of gender-based medical
differences (2).

Women with CHD are more likely to have comorbidities, including heart failure,
hypertension, and diabetes. Diabetic women are particularly vulnerable to complica-
tions of MI. Women hospitalized for acute MI are likely to be older than men and have
more “silent” MIs. Women younger than 65 years of age are more than twice as likely
to die from MI as men of the same age, possibly because diabetes, heart failure, and
stroke are more prevalent in younger women; arterial narrowing is less and reactive
platelet levels are higher in younger women; and plaque erosions are more common in
premenopausal women who die.

Women are less likely to be given effective interventions, which include aspirin, beta
blockers, and thrombolytic agents. Women are also less likely than men to undergo
diagnostic and therapeutic tests and procedures. Possible reasons include discrepancies
in physician perception of the severity of coronary disease in men vs women and
physician perception of the risks and efficacies of diagnostic and therapeutic proce-
dures; higher rates of admission for women with ischemic symptoms in the absence of
documented CHD; patient perceptions and preferences (i.e., women may be more will-
ing to adhere to lifestyle changes and medications than to choose surgery); and bias in
health care delivery.

As data from large ongoing clinical trials become available, gender-specific cardiol-
ogy is likely to expand.

THE GENERAL ACCOUNTING OFFICE (GAO) REPORT: 
RELEVANCE TO THE IOM REPORT

The 2001 GAO report (3) cited that the US Food and Drug Administration (FDA)
allowed industry to ignore 1998 regulations for reporting sex difference data. More
than one-third of drugs approved by the FDA between 1998 and 2000 did not provide
information on gender-related responses in New Drug Application (NDAs). Twenty-
two percent of reports failed to provide separate efficacy data for men and women, and
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17% omitted sex-based safety data. The GAO suggested that the information was avail-
able, but was not reported. Thus, there remains a compelling need for the FDA to mon-
itor the inclusion of women in all stages of drug research and to improve oversight of
the analyses and presentation of data related to sex differences in clinical trials.
Although later stage clinical trials currently include sufficient numbers of women for
safety and efficacy determinations, in the initial small-scale safety trials, only 22% of
participants are women.

In 1993, the FDA provided guidance to industry to include enough women in clini-
cal drug trials to detect clinically significant differences in drug efficacy and safety,
with the analysis of sex differences to be presented in NDAs. From 1992 to 2000,
female participation in phase III trials increased from 44 to 56%; however, this
includes trials for clinical issues involving only women.

The 1998 FDA regulations for NDAs required separate presentation of safety and
efficacy data for women and men and tabulation of study participants by sex. However,
one-third of current NDAs did not meet this requirement. A weakness of these regula-
tions is the lack of specific criteria for the number of women needed and the lack of
specific requirements regarding data analysis. Furthermore, there is currently no FDA
system to track women in clinical trials, no procedures regarding requirements for
NDA presentation of sex differences or drug side effects, and no information mandated
about dose adjustment based on sex reflecting body weight, body fat distribution, dif-
ferential drug absorption, metabolism or excretion, and resultant drug concentrations.
Also unaddressed in the inclusion of women in drug clinical trials is, when appropriate,
the identification of the menstrual cycle stages regarding hormonal variability or nota-
tion of menopausal status. Sex-based differences in drug response must be more
broadly explored. Of the 10 prescription drugs withdrawn from the market since 1997,
8 caused more adverse events in women than men. In response to the GAO report, the
FDA is currently implementing management systems to improve the review of sex-spe-
cific data. As well, the FDA Office of Women’s Health is creating a clinical trials
demographic database.

SUMMARY

The IOM report should be a wake-up call to clinical trial investigators and research
scientists at the molecular, genetic, a cellular levels to encourage more detailed sex-
based research to advance knowledge about sex differences and stimulate the under-
standing of gender differences in health, illness, and health care. This report should
also provide guidance to the NIH, FDA, private foundations, and to industry.
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The diagnosis and treatment of cardiovascular disease (CVD) in women is perhaps
one of the greatest clinical dilemmas in medicine. Coronary heart disease (CHD),
including congestive heart failure (CHF), hypertensive disease, and other forms of ath-
erosclerotic diseases, is an all-encompassing challenge that is a major cause of death
and disability for women in most Westernized countries. The lifetime risk of coronary
disease is substantial with approximately one in four women being at risk (1).
Although CVD is manifested earlier for men, nearly 250,000 women die from
ischemic heart disease every year. As a result of greater longevity, further growth in the
number of deaths is anticipated (2).

Only in the last several decades has research focused on the CVD risk in women. A
number of challenges and contradictions exist within the evaluation of the disease and
in the risk estimation of women that currently hinder effective care for females.
Despite the burden of the disease, dramatic improvements in therapeutic and surgical
interventions have led to substantive declines in cardiovascular mortality. Since peak-
ing in the 1960s, recent trends in mortality have revealed a 35–50% decline in CVD
mortality (Fig. 1; 3). Declines in mortality have been less for lower socioeconomic,
racial, ethnic, and female subsets of the population.

These data should be considered within our current era of evidence-based medicine,
where optimal medical management is structured based on a substantial body of clini-
cal effectiveness research on the diagnosis and treatment of at-risk women. Evidence-
based medicine is divergent from prior clinical reasoning, where decision making was
based on an accumulation of varied clinical experiences. Evidence-based medicine
stands in contrast to the decision-making processes of the past in that patient outcomes
data (in this case, derived from female populations) from published, peer-reviewed lit-
erature would be used to develop high-quality clinical guidelines for various clinical
scenarios. Thus, for women, high-quality health care would require a threshold level of
evidence such that effective guidelines of care could be established, including a suffi-
cient (statistically powered sample) representation of women in large multicenter,
observational series and randomized clinical trials in order to make definitive state-
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ments about the diagnosis and treatment of women in both the primary and secondary
prevention setting. This volume provides a present-day understanding of the epidemio-
logical evidence of the disease, asymptomatic screening and diagnosis of symptomatic
women, primary and secondary prevention strategies, as well as health care policy
evaluations, including developing cost-effective care for women.

Within the area of women’s health, evidence has grown dramatically over the last
decade. In many cases, developments in the field have substantially outpaced educa-
tional efforts for patients, consumers, and clinicians. This chapter serves to orient the
reader as to the depth of knowledge on women’s cardiovascular health as well as a the-
oretical framework for current and future standards required for evidence in order to
effectively guide care for women. Historically, women have been underrepresented in
clinical trials and observational studies (4,5), despite the mandate from the US Food
and Drug Administration (FDA) in 1990 to assure equivalent inclusion of women (6).
Furthermore, in 1990, the National Institutes of Health (NIH) began requiring docu-
mentation of recruitment strategies for women and minority subsets of the population.
The lack of available evidence is one factor that has hindered wide-scale reductions in
morbidity and mortality for women.

To further compound the challenge of diagnosing at-risk women, current data sug-
gest that women more often present atypically with a greater frequency of nonexer-
tional chest pain (or an equivalent, e.g., dyspnea) (7–10). The women who present
atypically have often been considered to be at a decidedly lower risk when compared to
their male counterparts (7). In the primary prevention setting, there are marked differ-
ences in the incidence, prevalence, and outcome of women with traditional risk factors,
including hypertension, hyperlipidemia, family history of premature coronary disease,
and diabetes (11–18). Accumulating risk using a global risk score often classifies a
disproportionate frequency of women as low risk (Fig. 2; 16). Furthermore, women
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generally have a lower prevalence of ischemia and obstructive coronary disease (i.e.,
approx 40–60% rate of normal coronaries), contributing to less intensive management
patterns for women (19–23). Gender differences in risk factor profiles, symptom pre-
sentation, and reports on reduced noninvasive test accuracy for women may contribute
to greater case female fatality rates and challenge appropriate selection of at-risk
women (24–28).

New evidence reveals that there is a more complex interaction of risk factors and
reproductive hormones that affect both vascular function and metabolism (2). This
includes new evidence on the role of conditional risk markers, such as high sensitivity
C-reactive protein (CRP), an indicator of inflammation that both mediate and mark
vascular disease abnormalities (29,30). Additional challenges in the diagnosis and risk
assessment of women is further challenged by the smaller artery size and evidence that
microvascular abnormalities or subclinical disease may be more of a risk factor for
CHD in women than in men (31,32).

Evidence suggests that there may be gender-based differences in pain perception
that may be acting on differential clinical presentation and evaluation of symptomatic
women (33). The perception of pain is further compounded by differences in societal
roles and expectations for women that may constrain early and optimal health care-
seeking behavior. Despite this, in the evaluation of a patient with new onset of chest
pain symptoms, women report more anginal symptoms. Approximately 4 million
women were evaluated for chest pain symptoms in 2000 in comparison to 2.4 million
men. Women are also more often hospitalized for chest pain. However, at diagnostic
cardiac catheterization, women have lower rates of obstructive coronary disease (34). A
large majority of women without a significant lesion in one of their epicardial coronary
arteries have persistent symptoms and continue to consume large amounts of health
care resources. Thus, for this large subset of women, few diagnostic strategies have
been elucidated, but preliminary evidence suggests that a proportion of this group may
have evidence of subendocardial flow heterogeneity or shifts in anaerobic metabolism
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that is suggestive of myocardial ischemia (35–38). Additionally, very recent evidence
suggests that when large subsets of women with chest pain symptoms are evaluated,
cardiac imaging using stress echocardiographic or nuclear perfusion-based techniques
may risk stratify women with normal and abnormal test results (39–41).

For women with obstructive coronary disease, an abundance of evidence suggests a
worsening short- and/or long-term prognosis, including acute coronary syndromes or
myocardial infarction, poststent or coronary bypass surgery, and, in some cases, CHF
(42–52). Although women have less extensive disease and more often have normal left
ventricular function, greater in-hospital and 30-day outcomes have been reported
(42–52). The acuity of presentation and greater comorbidity promotes differences in
early outcome, especially for women with diabetes mellitus. For surgical interventions,
such as percutaneous coronary interventions or bypass surgery, smaller body and artery
size contributes to variations in procedural success and outcome differences, including
a greater need for recurrent intervention and less symptom relief (42), although overall
procedural success rates are equally high for both men and women (i.e., >90–95%).
Additionally, symptomatic women (especially diabetics) with evidence of provocative
ischemia on conventional stress testing have a substantially worse event-free survival
when compared to men with ischemia (39).

For years, the reason for the worsening outcomes has been related to the older age of
clinical presentation for women. However, recent evidence suggests younger women
may be those at greatest risk (48). This increase in risk may be the result of delays from
chest pain onset to treatment-seeking, underrecognition of the disease in young
women, a greater acuity of female presentation, a greater degree of comorbidity, and a
less aggressive treatment pattern for women. Recent evidence suggests that greater
mortality risk in women may be most likely driven by a greater degree of risk factor
burden and comorbidity than to sex-related differences per se (49).

Women with CHD also have worse functional capacity, a greater degree of physical
disability, greater symptom burden, and an overall lower quality of life when compared
to men (2). As such, for female subsets of the population, there is a greater amount of
health care resources consumed throughout the course of the disease process (2). The
reasons for the higher costs of care are most likely multifactorial and related to less
intensive prevention management, resulting in greater use of higher cost hospitalization
(2), as well as less gender-tailored therapies and a lower evidence-base of female-ori-
ented guidelines of care. As such, there is a need for considerations of strategies aimed
at cost efficiency and cost-effectiveness analysis. The development of cost-effective
diagnosis and treatment patterns for women is hampered by a lack of knowledge in the
pathophysiology of the disease, the role of reproductive hormones, and the transition
state into menopause, as well as influential factors that contribute to varying athero-
genic processes in women.

Despite rapid advances in the field of gender-based evaluations in CVD, the patho-
physiology of myocardial ischemia and CHD in women remains poorly understood
and underdeveloped (2). There is still a need to develop more wide-ranging strategies
for research, diagnosis, management, and education oriented toward female patients. In
particular, there is a growing body of evidence that the atherosclerotic disease process
may vary by gender and may be mediated by sex hormones, an area of research that is
vastly underdeveloped. For example, pathological evidence suggests that positive
remodeling may occur more often in women (53,54). From the Armed Forces Institute
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of Pathology registry, plaque erosion is a more common presentation for sudden car-
diac death in women in comparison to plaque rupture in men (53,54). This latter point
is mediated by age, where older women present more typically with plaque rupture
(53,54). Additionally, there are NIH-sponsored studies, such as the Women’s Ischemia
Syndrome Evaluation (WISE), that may provide a theoretical model for the interplay
between traditional risk factors, conditional risk markers, vascular function and abnor-
malities, as well as signs and symptoms suggestive of myocardial ischemia in a rela-
tively large cohort of women.

Despite our research gap, there are also misunderstandings on the part of patients
and clinicians alike. Although most women are at risk of developing CHD, most
women still consider coronary disease only a remote health risk. In fact, many
patients do not realize that mortality for men and women is higher than from all can-
cers combined (CVD deaths in 2002: women = 512,904, men = 445,871; cancer-
related deaths: women = 264,006, men = 445,871). For women, awareness of higher
morbidity and mortality in females dictates the need for early detection strategies and
more aggressive therapeutic interventions. Thus, a paradigm shift in screening and
diagnostic testing should be promoted. Currently, the evaluation of new or worsening
coronary disease is prompted by an evaluation of symptoms. Typical symptoms,
occurring less often in women, provide the mainstay for aggressive care of at-risk
patients. If we allow symptoms to drive the testing and treatment of women, then we
will be less accurate in risk detection. Thus, a broadened definition of symptoms or
more female-specific symptom evaluation tools will need to be developed to foster
efficient care for women. Chapter 17 provides a state-of-the-heart evidence primer for
the work-up of women with stable chest pain symptoms and is based on strategies
currently utilized in the Clinical Outcomes Using Revascularization and Aggressive
Drug Evaluation (COURAGE) randomized trial. Strategies developed and aimed at
improving outcomes in women provide a cornerstone for reducing the heavy clinical
and economic burden of the disease in most Westernized societies. Furthermore, the
development of female-oriented strategies offers a huge opportunity for improving
the quality of care for women, as well as enhanced community goodwill, which trans-
lates into improved health care for women and their families, as women are often the
gatekeepers for their family’s health, making approximately two-thirds of all health
care decisions. There are also economic benefits to targeting high-risk women that
could result in increased early detection of the disease and aversion of costly down-
stream care that will impact improved societal productivity and the economic load of
the disease.

In this era of evidence-based medicine, our current aim for the evaluation of at-risk
women is to provide a solid base of research to guide both the diagnosis and manage-
ment of this large subset of the population. For diagnostic decision making, this would
include the fact that results from a noninvasive or laboratory test may be reliably used
to determine the necessity for cardiac catheterization and determine the underlying dis-
ease burden. Chapters 12 and 13 discuss current evidence for the evaluation of asymp-
tomatic and symptomatic women, including the detection of subclinical disease and
tests for myocardial ischemia. For therapeutic decision making, clinical decision mak-
ing would then be aimed at risk reduction using an array of medical and surgical inter-
ventions that have shown to be efficacious and effective in adequately studied female
samples from rigorously controlled clinical trials.
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II SCREENING AND DIAGNOSIS

OF CORONARY DISEASE IN WOMEN

A. Cardiovascular Epidemiology in Women



INTRODUCTION

Heart disease remains the leading cause of death for women in the United States,
causing more female deaths than all types of cancers combined (1,2). Although age-
adjusted mortality from coronary heart disease (CHD) declined in the last four decades
in the United States, evidence shows that the decline may have been of a lesser magni-
tude in women (http://www.cdc.gov/nchs) (3). The decline in CHD mortality could be
the result of decreasing disease incidence, decreasing case fatality rates, or a combina-
tion of the two. This underscores the need to analyze disease trends separately in men
and women in order to understand the sex-specific patterns of disease occurrence and
outcome.

Furthermore, heart disease is a major cause of illness and disability for women and,
as life expectancy increases, women, who have a greater life expectancy than men, will
represent an increasingly larger proportion of the population with prevalent CHD (4).
These considerations underscore the magnitude of heart disease as a public health
problem in women, which this chapter addresses and also outlines the sex differences
in disease incidence and prevalence of CHD. Recognition of the magnitude of this pub-
lic health problem is essential to its prevention, timely identification, and appropriate
treatment.
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Although attention has been directed toward heart disease in women, not all stud-
ies that focus on the subject include comparable groups of men so that comparisons
could be made either informally or formally. The importance of avoiding “unisex”
studies to appropriately address issues of sex differences and sex specificity has been
underscored (5). To this end, in the present chapter, we only report on studies that
include both men and women to examine the sex differences in disease incidence and
prevalence.

DEFINITIONS OF CHD AND CARDIOVASCULAR DISEASE

The classification of the American Heart Association (AHA) relies on disease cate-
gories based on the 9th and 10th revision of the International Classification of Disease
(ICD) codes, categorized into total cardiovascular diseases (CVDs) (ICD9 390-459,
745–747 and ICD 10 100-199, Q20-Q28) and coronary heart disease (ICD 9 410-414,
429.2 and ICD10 I20-25). The National Center for Health Statistics (NCHS) tabulates
the mortality of “Diseases of the Heart,” which represents approx 75% of total cardio-
vascular mortality as defined by the AHA. Cohort and community surveillance studies
rely on standardized criteria to validate diagnoses.

DATA SOURCES TO MEASURE INCIDENCE AND PREVALENCE

Several sources are available to measure the incidence and prevalence of heart disease
and to gain insight into CHD trends in the population. The National Hospital Discharge
Survey samples hospital discharges, which are event-based and not person-based, allow-
ing multiple hospitalizations for the same individuals to be counted (6). They do not dif-
ferentiate between first and subsequent admissions for a given condition and, thus,
cannot provide true incidence rates. Furthermore, the diagnoses are not validated using
standardized criteria and documented shifts in hospital discharge diagnoses after the
introduction of the diagnostic-related groups (DRG) payment system raises questions
about the validity of these sources for epidemiology research. This phenomenon,
whereby certain diagnoses can be spuriously represented on discharge summaries
because of reimbursement considerations, has been referred to as “DRG Creep” (7).

The National Health and Nutrition Examination Survey (NHANES III) is part of a
national public health survey conducted by the NCHS and the Center for Disease
Control (CDC). It was conducted from 1988 to 1994 and included a CVD component
that assessed cardiovascular health and risk factors, including blood pressure mea-
surements, electrocardiograms (ECGs), heart auscultation, blood lipid levels, and
questionnaires related specifically to CVDs. The ascertainment of angina in
NHANES relied on the Rose questionnaire, the validity of which has been questioned
among women (9,10).

Cohort studies reported sex-specific prevalence and incidence estimates. Depending
on the size of the cohort, in some instances, these may have limited power to assess
population trends. Because they rely on standardized definitions in a rigorously ascer-
tained population, these have strong internal validity. However, cohort subjects may
not be fully representative of the general US population because of the “healthy volun-
teer effect” (11–13).

Several community surveillance programs examine sex-specific patterns in coronary
disease prevalence and incidence in geographically defined populations. These pro-
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grams include the surveillance component of the Atherosclerosis Risk in Communities
(ARIC) study, Worcester Heart Attack Study (WHAS), Minnesota Heart Survey
(MHS), Olmsted County Study, Corpus Christi study, and the World Health Organiza-
tion monitoring trends and determinants in cardiovascular disease (MONICA) study.
Community surveillance studies rely on standardized diagnoses using validation algo-
rithms and thus have superior validity when compared to vital statistics. The ARIC and
MSH studies have an upper age limit of 74 whereas MONICA excludes persons over
age 65. This fact needs to be taken into consideration to interpret their results, particu-
larly for sex-specific patterns of CHD because women develop clinical CHD later in
life in comparison to men.

PREVALENCE

Sex Differences in Disease Prevalence
Selected studies reporting on sex-specific myocardial infarction (MI) prevalence are

summarized in Table 1. Data from NHANES III provide insight into differences in the
prevalence of CHD ascertained using angina as measured by the Rose questionnaire
(9), self-report of MI, and ECG (14). Using these three measures combined, the preva-
lence of CHD is similar in men and in women. However, when each measure of CHD
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Table 1
Sex-Specific Estimates of CVD/CHD Prevalence

Author Men Women Data source Ascertainment

Ford (14) 13.9 ± 0.9 10.1 ± 0.7 NHANES III Rose questionnaire,
self-report for MI,
and ECG

Furberg (45) 35.7 23.4 Cardiovascular health Major ECG 
study—community- abnormalities
dwelling persons 
ages 65–100

Furberg (45) 55 52 Cardiovascular health Self-report validated 
study—community- of a physician’s 
dwelling persons diagnosis
ages 65–100

2002 AHA (16) 18.6 16.1 NHANES III and Variable according 
CDC/NCHS among to data source
persons ≥ 75 years

Burke (46) 12.3 9.4 ARIC study ages 45–64 Rose questionnaire,
self-report, MD
diagnosis, or
ECG. Includes
peripheral and
cerebrovascular
diseases

ARIC, Atherosclerosis Risk in Communities; AHA, American Heart Association; NHANES, National
Health and Nutrition Examination Survey; CDC Center for Disease Control; NCHS, National Center for
Health Statistics; MI, myocardial infarction; ECG, echocardiogram.



was analyzed separately, sex differences emerged with a higher frequency of self-
reported MI in men and a higher prevalence of angina in women. It is important to note
in this regard that the validity of the Rose questionnaire among women has been chal-
lenged (9).

Other studies, which also reported on the prevalence of CHD, are summarized in
Table 1. Several observations can be made from this review. First, the measures used to
ascertain disease differ between studies, with some including peripheral and cere-
brovascular disease, thereby encompassing all CVDs, whereas others included only
CHD. Second, within each broad category, the methods of ascertainment differed, and
the ages included varied. Thus, the results cannot be compared across studies. Alto-
gether these studies underscore the lower prevalence of disease in women in compari-
son to men, but also the importance of age on the observed prevalence rates.

Age and the Prevalence of CVDs and CHD
Irrespective of the measure used, the prevalence of CVDs increases with age, such

that although it is lower in women in comparison to men in younger age groups, the
gender gap markedly narrows as age increases. Estimates from NHANES III show an
increase in the prevalence of CVDs in women from 4.6% of the total population
between ages 20 and 24 to 79% in women age 75 and older, whereas the prevalence in
men increases from 5.5% of the total population between the ages of 20 and 24 to
70.7% in men over the age of 75 (1). Similar patterns are observed for CHD, the preva-
lence of which also increases with age from 2.8% among women ages 25–44 to 16.1%
among women ages 75 and older (1). Among men, 2% of individuals ages 25–44 have
prevalent CHD increasing to 18.6% of men age 75 and older (1).

Autopsy data from Olmsted County indicate that although the prevalence of sig-
nificant CHD at postmortem examination is high among both genders, it is higher
overall among men. Age-specific prevalence estimates are consistent with a narrow-
ing of the gender gap with increasing age of the decedents. Among persons ages 60 or
older at death, the prevalence of CHD was 70% among men compared to 56% in
women (15).

Race and Ethnicity and the Prevalence of CVDs and CHD
For total CVDs, the age-adjusted prevalence estimates for non-Hispanic white men

are 30% and 23.8% for non-Hispanic white women. The prevalence estimates for Mex-
ican-Americans are nearly equivalent (28.8% for men; 26.6% for women). However,
the prevalence increases in African Americans to 40.5% for men and 39.6% for women
(16). For CHD, the estimated prevalence in NHANES III among non-Hispanic white
men is 6.9% and 5.4% for women. Mexican-Americans have somewhat higher preva-
lence estimates of 7.2% for men and 6.8% for women. Prevalence in African-American
men is similar at 7.1%, whereas African-American women have the highest prevalence
estimate at 9% (16). Regarding American Indians, data from the Strong Heart Study
indicate that the prevalence of definite CHD is higher among Native American men
when compared to their female counterparts (17). When less stringent ascertainment
criteria were used and possible CHD was included, the higher prevalence of CHD in
men remained apparent, but the sex difference was somewhat blunted, seemingly
related in part to the inclusion of angina as measured by the Rose questionnaire in
women.
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Trends in Disease Prevalence
Trends in disease prevalence are difficult to evaluate because ascertainment methods

differ across studies and time. Trends in CVDs are often reported using hospital dis-
charge diagnoses. Using this approach, CVDs as the first listed diagnosis on hospital
discharge increased 28% from 1979 to 1998 in the United States (1). Trends in CHD
between 1979 and 1998 are similar to those observed in CVDs, with increases in preva-
lence reflected in hospital discharge diagnoses. In 1979, 1,014,000 men and 724,000
women were dismissed from US hospitals with the diagnosis of CHD. In 1998, those
numbers had risen to 1,317,000 for men and 945,000 for women (1).

As these are event-based, not person-based, this allows multiple hospitalizations for
the same individuals to be counted without distinguishing between first and subsequent
admission. Therefore, this approach is not a reliable measure of disease prevalence.
Furthermore, the diagnoses are not validated using standardized criteria and shifts in
hospital discharge diagnoses preferences, after the introduction of the DRGs payment
systems have been documented (18,19).

Notwithstanding the limitations of these data sources to measure prevalence, it is
important to underscore that these trends document the relentless health care burden of
CVDs and CHD. Furthermore, notwithstanding the methodological challenges to mea-
sure changes in prevalence over time, based on an incidence–prevalence–mortality mod-
eling study conducted in the Netherlands, the decline in CHD mortality can be expected
to lead to increases in CHD prevalence given the relatively constant incidence of CHD.
Given their greater life expectancy (20), this is particularly relevant to women.

INCIDENCE

The incidence of CHD is a critical measure of the new onset of disease and trends
that indicate increasing or decreasing rates of developing disease. Because MI can be
ascertained using standardized criteria (21), it is often used in epidemiology studies as
an indicator of incident CHD. Selected studies reporting on sex-specific MI incidence
are summarized in Table 2.

Data from the ARIC study indicate that the incidence of MI in women decreased
slightly from 1987 to 1994 at a rate of 0.2% per year. However, race-specific trends dif-
fered in blacks when compared to whites, with the incidence of MI decreasing 2.5%
per year in white women, but increasing 7.4% per year in black women (22). For men,
the incidence of MI increased slightly by 0.1% per year, contrasting with the trends in
incidence noted in women (22). However, the upper age limit of 74 in the ARIC study
may not capture the full burden of disease among women.

The WHAS had no age limit and showed large declines between 1975 and 1988 in
MI incidence among elderly individuals, but an increase in incidence among some but
not all age groups in women (23). Recent analyses from Worcester indicated qualita-
tively flat trends in overall MI incidence from the mid-1980s to the mid-1990s (24).

The Olmsted County CHD surveillance study also included all ages and indicated
that the secular trends in the MI incidence exhibited marked age and sex differences,
with an 8% decline in men over time that contrasts with a 36% increase in women (25).
These results indicate large differences in an MI incidence as a function of age and sex,
with less favorable trends in women and the elderly. Indeed, the large decrease over
time in MI incidence noted among younger men contrasted with an increase in inci-
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dence among older women of similar magnitude. This contrast indicates that the shift
in CHD mortality toward women and the elderly observed in Olmsted County during
that time period (3) is linked partly to age and sex shifts in MI incidence.

Data from the Framingham Heart Study between 1950 and 1989 were reported by
Sytkowski et al. in 1996 (26). Three cohorts aged 50–59 years and free of CVD at
baseline were identified in 1950, 1960, and 1970 and followed for 20 years. The inci-
dence of CVDs in the 1970 cohort is shown in Table 2.

Among women, the incidence of CHD defined by MI and angina declined steadily
from one cohort to the next over time with rates per 1000 persons of 218 in the 1950
cohort, 184 in the 1960 cohort, and 175 in the 1970 cohort. Among men, the incidence of
CHD remained stable at approx 350 per 1000 in all three cohorts. These data were inter-
preted as reflective of concurrent improvement in risk factors. Regarding race and ethnic-
ity, as shown in Table 2, the incidence of hospitalized MI is higher in Mexican-American
men and women when compared to their non-Hispanic white counterparts. Among Mexi-
can- Americans, the hospitalized MI incidence is higher among men than women (27).

The World Health Organization MONICA study indicated that coronary event rates,
defined as definite nonfatal MI and coronary deaths, were higher in men in comparison
to women (28). Over time, CHD mortality rates decreased in both men and women,
whereas CHD events rates decreased more than case fatality rates, leading MONICA
investigators to conclude that declines in CHD mortality were chiefly related to
decreasing disease incidence.

Interpretation of the Trends in MI Incidence
The recently reported trends in MI incidence in the context of the decline in CHD

mortality underscore the complexity of coronary disease trends. As discussed previ-
ously, the MONICA study ascribed the decline in coronary deaths to changes in inci-
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Table 2
Sex-Specific Estimates of CVD/CHD Incidence

Author Men Women Data source Ascertainment

Sytkowski (26)* 216/1000 144/1000 Framingham CVDs
Heart Study

Jousilahti (47) 786/100,000 256/100,000 Surveys of  Finnish 
person-years person-years provinces in National 

Finland Hospital dis-
charge acute
coronary event

Rosamond (22)* 4.1/1000 1.9/1000 ARIC Study MI; standardized 
criteria

Roger (25)* 298/100,000 155/100,000 Olmsted County MI; standardized
Study criteria

Goff (27) MA 367.4/ MA 205.3/ Corpus Christi MI; standardized 
100,000 100,000 criteria

NHW 342.2/ NHW150/
100,000 100,000

* Denotes studies reporting on time trends. CVD, cardiovascular disease; ARIC, Atherosclerosis Risk in
Communities; MI, myocardial infarction; MA, Mexican-Americans; NHW, non-Hispanic whites.



dence (28). Conversely, the ARIC study described mostly stable trends in MI inci-
dence despite declining mortality, suggesting that the decline is largely attributable to
improved medical care (22). However, a notable limitation to both ARIC and MON-
ICA lies in their exclusion of elderly persons, such that they do not account for a
growing segment of the population. This is particularly problematic for measuring
trends in women, who present with CHD 10 years later than men and MI 20 years
later (29,30). The Olmsted County data, which include all ages, noted a decline over
time in MI incidence among younger men, suggesting that primary prevention is
effective among this group. These data also underscore the need to revisit primary
prevention measures in women and the elderly, who did not experience commensu-
rate declines in MI incidence. In light of the aging of the population, these unfavor-
able trends have major public health implications and call for continuous monitoring
of CHD trends, which is essential to gain insight into the determinants of the trends
and direct prevention and treatment. These results also underscore the dynamic nature
of the trends observed, as they vary across age, ethnicity, as well as time. This, in
turn, further emphasizes the importance of continued heart disease surveillance.

PERCEPTIONS AND ASCERTAINMENT CHALLENGES

A review of the prevalence and incidence of CHD as it relates to sex requires an
understanding of how sex differences in the perception and ascertainment of CHD can
impact the measured CHD trends. Indeed, a common misconception is that heart dis-
ease is a “man’s disease,” when, in fact, more women than men die of CVDs.

Mosca et al. examined knowledge and perception of heart disease risk among US
women and indicated that more women perceive cancer (particularly breast cancer),
not CVDs, to be a more significant health concern for women (31). Although these data
underscore the informational gap in women’s perceptions of CVD risk and preventive
strategies, they also highlight an even larger gap, which exists for older women and
some minority groups. These findings are important for the understanding of CHD
prevalence as misconception of the CVD/CHD risk can likely influence care-seeking
behaviors, which, in turn, can conceptually lead to underascertainment of CHD. Given
the difference in CHD incidence and prevalence as a function of age, race, and ethnic-
ity, these findings are particularly alarming.

As these data document the need for a better understanding of CVD risk factors by
US women, enhanced and innovative strategies to disseminate knowledge should be
developed and tailored to adequately communicate to diverse age and race/ethnicity
groups. Additionally, the clinical presentation of CHD differs by sex. Women have
higher rates of noncardiac chest pain than men (32,33) and experience heart disease
approx 10 years later than men (29,30), which may, in turn, contribute to the clinical
differences between men and women with CHD (2). For example, women with CHD
often have comorbid conditions, such as diabetes, hypertension, and heart failure
(2,33). Women tend to present more often with angina, whereas men more often pre-
sent with MI as the inaugural manifestation of CHD (29). When they experience MI,
women have atypical symptoms more frequently, including rest pain, jaw, neck, and
back pain, nausea and vomiting, dyspnea, dizziness, fatigue, and malaise (2,33). These
factors could all contribute to the underrecognition of CHD both by women and their
physicians (32), possibly leading to known differences in the evaluation and procedure
rates for men and women.
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Several studies have shown that the diagnostic performance of stress tests is lower
among women, emphasizing the diagnostic challenges in ascertaining chronic CHD in
women (34–42). These diagnostic challenges are associated with sex differences in the
delivery of care. When the diagnosis of CHD is not established, women are less likely
than men to undergo cardiac procedures, particularly invasive ones (43,44). Although
these differences could represent overuse in women or underuse in men, less aggres-
sive evaluation of chest pain in women can conceivably lead to underascertainment of
CHD. It is possible that the aforementioned perception and ascertainment challenges
lead to underascertainment of incident and prevalence of CHD in women. These con-
siderations need to be kept in mind when interpreting data on the incidence and preva-
lence of CHD in men and women, because in order to be measured accurately, CHD
must first be recognized.

CONCLUSIONS

Although the overall prevalence and incidence of CHD is lower in women, age-spe-
cific estimates unequivocally indicate that the sex gap narrows substantially among
older individuals. Furthermore, the magnitude of sex differences in the prevalence and
incidence of CHD varies widely across age, race/ethnicity, and time, depending on the
definitions used to ascertain CHD.

Finally, increased life expectancy will lead to increased prevalence of CHD, particu-
larly for women. Secular trends in the incidence of CHD trends suggest a displacement
of the burden of death and clinical CHD toward women, which should direct preven-
tion strategies.
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INTRODUCTION

Prevention of coronary heart disease (CHD) in asymptomatic individuals has tradi-
tionally been termed primary prevention because it aims to avert the clinical presenta-
tion of symptomatic disease along with major adverse cardiac events (1). Our current
management paradigm has been effective in reducing the burden of cardiovascular dis-
ease (CVD), with 35–50% declines in related mortality (2). However, the CVD burden
for most Westernized countries remains high. Prevention strategies are less often not
instituted until after the clinical presentation of the atherosclerotic diseases. Primary
CHD prevention offers the greatest opportunity to reduce the burden of disease in the
United States (3). This latter point becomes critical for the 40–60% of asymptomatic
women whose initial presentation includes sudden cardiac death or acute myocardial
infarction (AMI; 4). There are a number of published guidelines from the American
Heart Association (AHA), American College of Cardiology (ACC), and National Insti-
tutes of Health-National Heart, Lung, and Blood Institute (NIH-NHLBI, e.g., NCEP
III-ATP) that detail management strategies for primary prevention risk-reducing meth-
ods for men and women (3,5). Risk-reducing strategies, including control of major car-
diac risk factors (e.g., weight, blood pressure, smoking, and regular exercise), can
decrease a woman’s risk for CHD by as much as 80% (6,7). This chapter provides an
introduction to primary prevention strategies and our current understanding of the tra-
ditional risk factors and emerging markers for CHD.
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EPIDEMIOLOGICAL PRINCIPLES INVOLVED IN PRIMARY PREVENTION

Many risk factors have been shown to consistently increase an individual’s risk of
developing CHD (8). By definition, a risk factor is a habit or trait that makes a person
more likely to develop a disease. This chapter provides a synopsis of major cardiac risk
factors that are associated with an increased risk of major adverse cardiovascular
events. The basis for risk factor assessment is that the underlying risk of CHD varies
for those individuals with and without the risk factor. For those with a documented risk
factor, an individual’s likelihood for CHD or cardiac events increases over time, which
is commonly illustrated by the risk stratification principle (e.g., Kaplan-Meier or Cox
survival curve). For example, in Fig. 1, 8-year event-free survival for 27,939 women
(9) illustrates that a subset of this population had substantially higher risk than the
compared group, and this risk variation yielded a statistical difference greater than that
expected from chance alone. A person’s absolute risk may be discerned from examin-
ing survival curves and plotting the time to cardiac events. Physicians often utilize
absolute risk as a means of quantifying the expected event rate for a given patient or
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Fig. 1. Conditional risk factors: comparison of C-reactive protein (C-RP) (inflammatory marker) and
low-density lipoprotein (LDL) cholesterol in prediction of first cardiovascular event. (From ref. 9.
Copyright 2002, Massachusetts Medical Society.) Quintiles of C-RP are ≤0.49, 0.49–1.08,
>1.08–2.09, >2.09–4.19, and >4.19 μg/L. Quintiles of LDL-cholesterol are ≤97.6, >97.6–115.4,
>115.4–132.2, >132.2–153.9, and >153.9 μg/dL.



population series. Absolute risk considers the probability of a person with a certain char-
acteristic or set of risk factors to develop CHD over a finite period of time (e.g., 10 years).

However, there are several other commonly employed measures of risk. Relative
risk is the ratio of the likelihood of a cardiovascular event or disease in persons with
and without a given risk factor. For example, diabetic women have an approximately
threefold higher risk of dying than those without diabetes (6). This multifold increase
in risk is critical to understanding how significant the risk is in similar patients. How-
ever, relative risk is highly dependent on absolute risk, i.e., relative risk identifies the
ratio of increased risk, but the baseline comparator’s risk must also be understood. That
is, recent evidence suggests that younger women have the highest mortality post
myocardial infarction (10). In fact, younger women have a 1.22-fold higher risk of
dying postinfarction. This is an overall relative risk ratio but the underlying risk in a
postinfarction population would vary substantially in comparison to the general popu-
lation or from an outpatient series.

An additional consideration is that the relative risk is beneficial to determine causal
relationships in CHD. As risk factors are highly correlated, relative risks (when consid-
ering their multifactorial relationship) often increase in additive or multiplicative man-
ners. The multifactorial nature of cardiac risk factors can be discerned by examining
multivariable regression equations, which examine the interactive relationship of risk
and provides insight into how one risk factor (e.g., diabetes) may relate to other risk
factors (e.g., hypertension or aging).

One final epidemiological measure to understand is attributable risk, where the
CHD incidence rate is compared for those with and without risk factors. Any notable
differences between population subsets provide an estimate of the potential disease
amount that may be eradicated with appropriate control, management, or erasure of
any risk factor (8).

Currently, there are more than 200 identified risk factors that increase a woman’s
risk of heart attack or stroke. The core of traditional risk factors includes age, male
gender, cigarette smoking, hypertension, dyslipidemia, diabetes, and a family history
of premature CHD. Additional factors contributing to an increased CHD risk and
compounding the frequency of other risk factors include obesity, sedentary lifestyle,
and an atherogenic diet (4,6). One of the challenges with both the identification and
treatment of cardiac risk factors is that there are sex-based differences in the preva-
lence, age of onset, and treatment effectiveness for risk factor profiles that are dis-
cussed in this chapter.

MAJOR RISK FACTORS

Age
With increasing age, absolute CHD risk increases significantly as a result of the

progressive accumulation of coronary atherosclerosis. For premenopausal women,
endogenous estrogen may provide cardiac protection, and for women younger than
45 years of age, their likelihood for CHD is extremely low. Generally, a woman is
considered postmenopausal after the age of 55 years; at this stage of a woman’s life,
absolute risk of CHD increases. For women, CHD development lags approx 10 years
behind their male counterparts (11). Differences exist in the age thresholds for men
and women, where disease rates increase dramatically. The prevalence of the disease
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for men increases most significantly after the age of 45 years. Adding approx 10
years, the age threshold is more than 55 years of age for women. Women may further
suffer an AMI as much as 20 years later than men (11). On average, the majority of
new-onset CHD occurs in women after the age of 65 years (12). In particular, for
women approaching menopause (average age = 51 years), the risk of heart disease
and stroke begins to rise and continues to rise as age increases.

Advancing age is one of the strongest prognosticators for coronary artery disease
(CAD) but can be confounded by the presence of other traditional and conditional
risk factors and comorbid conditions. For example, in AMI presentation, women are
at higher risk of complications and worsening survival. Despite this evidence, recent
data from the National Registry of Myocardial Infarction 2 (NRMI-2) database reveal
that younger women, because of differences in comorbidity, infarct severity, and
management differences, may be at the highest risk (10,13).

Tobacco Use
Tobacco use is the leading preventable cause of CHD in women, especially in those

50 years of age and younger (14,15). Aggressive public health campaigns put forth
over the last few decades have resulted in declining smoking rates for both women and
men. However, the declining rate has been lower for women. Whereas 33.9% of
women and 51.9% of men were smokers in 1965, 22% of women and 26.4% of men
were smokers in 1998 (14,15). Smoking prevalence is also affected by education level
and ethnicity. For women with less than a high school education, the prevalence of
smoking is threefold higher than for those with at least a college education (14,15). The
prevalence of female smokers in the Native American population is alarmingly high at
40.8%, nearly double that of non-Hispanic white and black women.

There appears to be a dose-dependent relationship between total tar consumption
per day and risk of myocardial infarction (MI; 16). As few as one to four cigarettes per
day increases a patient’s risk of fatal or nonfatal MI by as much as two- to threefold
(17). Several reports show an increased risk of first MI in female smokers when com-
pared with male smokers (18). There is also a well-established synergistic relative risk
for women who smoke and also use oral contraceptives, including an elevated risk of
thrombosis and CVD complications (19). Clinicians should counsel female smokers to
quit as smoking cessation decreases CVD morbidity and mortality (17–21). One year
after cessation, risk of MI decreases by 50% (22), and in 10 years, the CVD rate
approaches that of nonsmokers (17,20).

Estrogen Loss and Hormone Therapy (HT)
As CHD prevalence increases for women in their postmenopausal years, the role of

estrogen supplementation has been the focus of most research aimed at both primary
and secondary prevention of CVD risk. In a woman’s premenopausal years, estrogen
levels are approx 10 times higher than that of an older-aged woman, which is
accounted for primarily by the ovarian production of estrogen. Endogenous estrogen
may serve to protect a woman’s risk of CHD through higher levels of high-density
lipoprotein (HDL) cholesterol, improved arterial compliance and coronary flow
reserve, as well as improvements in global myocardial function responses to stress
(5,6,23,24).
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During menopausal years, the gradual loss of ovarian estrogen production may make
women more vulnerable to CHD. Although estrogen supplementation in post-
menopausal years has been found to have favorable effects on lipid, glucose, and
insulin levels (24,25), it has also been found to increase levels of high sensitivity C-
reactive protein (CRP), an inflammatory marker that is believed to be an independent
predictor of CHD (26). A more detailed discussion of HT is provided in Chapter 21.
Currently, the AHA has cautioned against the use of HT for the purpose of primary and
secondary prevention of CHD (27). A key message from both the Heart and Estro-
gen/Progestin Replacement Study (HERS) and Women’s Health Initiative (WHI) stud-
ies is that the use of HT for CVD protection is ineffective, and for healthy lifestyles,
physicians should focus on lifestyle changes (e.g., smoking cessation, dietary modifi-
cations, exercise) and interventional (i.e., therapeutic) risk reductions for the primary
and secondary prevention of CVD.

For women currently taking HT, an individualized decision regarding continuation
should include a discussion of the risks and benefits of treatment, but may also
include the consideration of HT continuation if they are doing well and possibly for
those women without other traditional risk factors and a low-risk high-sensitivity
(Hs)-CRP (27). The results from both studies are clear that postmenopausal women
not taking any treatment should not start HT for the sole purpose of preventing CHD
events (28). Although data on cardiovascular effects in symptomatic women are lim-
ited, HT is still an accepted strategy for women with vasomotor symptoms.

Hypertension
Hypertension is considered to be a systolic blood pressure greater than 140 mm Hg

and/or a diastolic number greater than 90 mm Hg (29). Hypertension is a major risk
factor for CHD, affecting one in four adult Americans (30–36). For women, hyperten-
sion leading to diastolic dysfunction is a major cause of congestive heart failure, noted
as the primary cause in 60% of cases of heart failure in women (8). Generally, hyper-
tension is more common in men than women, but the overall prevalence increases,
being higher for women over the age of 55 years. There is gradual loss of arterial com-
pliance with aging, such that blood pressure increases with age. For comparison,
approximately one in two women are hypertensive prior to 45 years of age, whereas
three of every four elderly women are hypertensive (23,24).

Elevations in blood pressure increase a patient’s risk of stroke as well as CHD.
Recent evidence suggests that the relative risk for CHD death is increased twofold for
white women with blood pressure measures that exceed 120/80 mm Hg when com-
pared with white men (33).

Although genetics do play a strong role in developing hypertension, modifiable and
environmental factors can aid in blood pressure control. Initial steps to control hyper-
tension include weight control and dietary changes. Particularly, dietary modifications
as part of a primary prevention program should include the lowering of sodium intake
and reduction in alcohol consumption as effective steps to lower blood pressure. For
example, diets high in fruits and vegetables have been reported to lower blood pressure
measures. Following initial care for weight control and dietary changes, some hyper-
tensives may require drug therapy (e.g., beta blockers, diuretics, angiotensin-convert-
ing enzyme [ACE] inhibitors) to provide adequate blood pressure control.
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Dyslipidemia
An estimated 100 million adult Americans have a total cholesterol value greater than

or equal to 200 mg/dL, with approx 40% of this cohort having high-risk cholesterol
measures of more than 240 mg/dL. Cholesterol values should be the average of at least
two measurements from lipoprotein analysis (37). Generally, men have higher average
cholesterol values until the fifth decade of life, whereas after that, higher values are
noted in women (2,38–39). Recent statistics reveal that approx 40% of women over the
age of 55 years have elevated total cholesterol values (2). Women with total cholesterol
levels of greater than or equal to 265 mg/dL have a two- to threefold increased CHD
risk when compared to women with normal total cholesterol values.

For premenopausal women, endogenous estrogen is associated with higher HDL
cholesterol values (e.g., >55 mg/dL). HDL cholesterol is significantly and inversely
correlated with CHD. As women enter menopause, HDL cholesterol values decrease,
and it is this loss of cardioprotection that is the rationale for the increasing disease
prevalence in women after 55 years of age. Because of the higher rates of HDL choles-
terol, some researchers have noted that a value of less than 50 mg/dL may be a differ-
ential high-risk threshold for women (3). One of the best predictors for CHD risk in
women is the ratio of total HDL cholesterol. A ratio of total cholesterol that is approxi-
mately four or more times that of HDL cholesterol is associated with an increase in
CHD risk of fivefold when compared to those with normal cholesterol measures.

Elevated triglyceride levels appear to be a stronger risk factor for CHD in women
than in men. Framingham study data reveal that individuals with triglyceride levels
exceeding 150 mg/dL have an increased CHD risk greater than 1.5 (39). Triglyceride
values that exceed 350 mg/dL are associated with a twofold increased CHD risk.
Although the exact role and mechanism that triglycerides play in the development of
CAD is not yet completely understood, for women with elevated levels, it is important
to reduce fat intake and restrict the intake of simple carbohydrates, as both can reduce
triglyceride levels (8).

Current cholesterol management has recently been published in the Third Report of
the National Cholesterol Education Program (NCEP) Expert Panel on the detection,
evaluation, and treatment of high blood cholesterol in adults (3). Based on this recent
guideline, the primary target of therapy is the lowering of low-density lipoprotein
(LDL) cholesterol values. For primary prevention, optimal LDL cholesterol is less than
100 mg/dL. Despite this level being optimal, a woman’s LDL treatment goal depends
on her absolute risk of CHD (e.g., 10-year risk of death or MI). The higher the risk, the
lower the LDL goal (e.g., LDL goals are <100, <130, and <160 md/dL for patients with
diabetes or CHD, have two or more risk factors, or risk factor of one or less).

Certainly, initial clinical approaches to the management of women with elevated
LDL cholesterol values include: reduced intake of saturated fat (<7% of total calories)
and cholesterol (<200 mg/day), increased physical activity (or balance energy intake
with expenditure), and weight control. Additionally, total fat intake should be restricted
to 25–35% of total calories. Despite efforts at therapeutic lifestyle changes, there
remain a number of patients whose cholesterol remains elevated. There are a number of
over-the-counter drugs that exhibit cholesterol-lowering effects. The most commonly
prescribed class of LDL-lowering drugs includes statins. The overall effects of this
drug class includes 18–55% reduction in LDL cholesterol, 5–15% increase in HDL
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cholesterol, and 7–30% reduction in triglyceride levels. More modest effects have been
noted for fibric acids, nicotinic acid, and bile acid sequesterants.

Statins are commonly prescribed for hyperlipidemia and have been extensively stud-
ied (40). In the primary prevention setting, LDL-lowering drugs have been shown to
reduce a woman’s risk for major adverse cardiac events, including death from all
causes and cardiovascular deaths (40). Regarding statin use, LaRosa et al. found that
the mean reduction (weighted by sample size) in total cholesterol, LDL cholesterol,
and triglyceride levels was –20%, –28%, and –13%, respectively, and HDL cholesterol
was increased by an average of 5% (40). For women, a synthesis of this evidence
reveals that the use of statins is associated with a significant reduction in cardiac events
and, in many cases, reductions in all-cause mortality (Fig. 2). This evidence supports
the effectiveness of cholesterol-lowering therapy with the use of statins to reduce CHD
risk (41–45).

Despite the effectiveness of this class of drugs for reducing a woman’s risk for CHD
events, a large percentage of women remain undertreated and/or do not meet the cur-
rent NCEP III goals for optimal risk reduction (46). However, it is clear that aggressive
lipid-lowering should be integrated within a well-rounded primary prevention program
to further reduce CHD risk (47).

The Metabolic Syndrome
The metabolic syndrome represents a constellation that results from insulin resis-

tance (with or without glucose intolerance), dyslipidemia (elevated triglycerides, small
LDL particles, low HDL cholesterol), hypertension, and abdominal obesity that place
an individual’s CHD risk as intermediate between normal glucose homeostasis and dia-
betes (48,49). The NCEP Adult Treatment Panel (ATP)-III has defined the metabolic
syndrome in women by the presence of three or more of the following factors: (1) waist
circumference larger than 88 cm, (2) fasting triglycerides of 150 mg/dL or above, (3)
HDL cholesterol less than 50 mg/dL, (4) hypertension (systolic blood pressure ≥ 130
mm Hg, diastolic blood pressure ≥ 85 mm Hg or use of antihypertensive drug therapy),
and (5) fasting glucose of ≥ 110 mg/dL or more. Patient management with the meta-
bolic syndrome includes directed care at the underlying causes, including (at least ini-
tially) weight reduction and increased physical activity (ATP), to be followed by lipid
control (3).

Diabetes
Diabetes mellitus defined as fasting plasma glucose value of 126 md/dL or more is a

major risk factor for CHD for both men and women (50–54). Recent data form a Cen-
ter for Disease Control (CDC) cross-sectional telephone survey showed a significant
increase in the prevalence of diabetes in the US population from 4.9% in 1990 (51) to
7.3% in 2000 and 7.9% in 2001 (55). In fact, some have noted that diabetes has become
an epidemic in the United States as a result of marked increases in the majority of
adults being overweight.

Because of an increased risk of death and prevalence for CHD, diabetes is now con-
sidered a coronary disease risk equivalent, based on the most recent NCEP III guide-
lines (3). Diabetes is associated with an increased risk of fatal and nonfatal CVD events
(56). Nearly two out of three diabetics die of some type of CVD (2,12,57). Often, type
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Fig. 2. Synthesis of this evidence reveals that the use of statins for women is associated with a signif-
icant reduction in cardiac events and often all-cause mortality.

Fig. 3. Percent change in total body fat at 12 months by duration and change in fitness level. For this
figure, low, intermediately, and highly active women are defined as ≤135, 136–195, and >195 minutes
per week (p<0.05). (From ref. 60.)



II diabetics have additional risk factors for CHD, including hypertension, hyperlipi-
demia, and obesity.

In numerous population-based studies, diabetic women have a three- to sevenfold
increase in CHD death when compared to a two- to threefold increase in death for dia-
betic men (2,38,58,59). Obesity is more often associated with mild glucose intolerance
and higher CHD risk in women (AHA). In addition to CVD death, patients with dia-
betes often have subclinical disease, including atheromatous plaque in the carotid and
femoral arteries, as well as measurable amounts of coronary calcium.

A key to effective blood glucose control is the maintenance of a diet low in saturated
fats and cholesterol along with optimal weight control. Patients are also recommended
to adopt a regular (monitored) aerobic exercise regimen as the risk of diabetes
increases with increased weight and body mass index (BMI). For women, a BMI
greater than 30 is associated with an increased risk for diabetes, hypertension, heart
failure, as well as other major adverse cardiac events (54). For diabetics, current guide-
lines (using secondary prevention goals) require aggressive risk factor reductions for
blood glucose, cholesterol, and high blood pressure (3). Optimal risk reduction strate-
gies can be effective at reducing the risk of heart disease and its associated adverse
sequelae.

A recent meta-analysis pooled all of the population-based studies to examine sex-
related differences in CHD mortality between male and female diabetics (59). These
results were interesting in that unadjusted and age-adjusted summary odds ratios for
death showed trends or significant differences by sex, whereas risk-adjusted results
(i.e., controls for age, hypertension, total cholesterol, and smoking) revealed no gender
difference in CHD mortality. For diabetic women, optimal control of comorbidity and
other traditional risk factors can lead to effective risk reduction. As such, it is more
often suboptimal control of other risk factors in women that may lead to higher CHD
death rates, rather than any sex-related differences per se.

Obesity
There is a rising epidemic of obesity among US women, especially among minority

populations. Approximately one in four women are classified as obese based on a
BMI of 30 or more (50,54). There is a linear relationship between BMI and mortality
risk (1). The relative risk for death is increased approx 30–50% for patients with a
BMI equal to or greater than 30. Central obesity (i.e., >35 in.) is a risk factor for dia-
betes, hypertension, CHD, and worsening outcome. In order to maintain optimal
body weight, patients have to achieve a balance between energy expenditures and
food intake.

Obesity is closely linked with poor diet and the lack of physical activity. Conse-
quently, overweight patients should be encouraged to engage in regular aerobic
physical exercise and eat a well-balanced diet. In a recent randomized controlled
trial of 173 sedentary, overweight, postmenopausal women (ages 50–75 years),
moderate intensity aerobic exercise (45 minutes x 5 days per week for 12 months)
resulted in reduced body weight and body fat. As measured by computed tomogra-
phy, subcutaneous abdominal fat decreased by 29 g/cm2. Furthermore, there was a
significant dose response for greater body fat loss with increasing duration of exer-
cise (see Fig. 3; 60).
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Table 1
Estimate of 10-Year Risk for Women (Framingham Risk Scores)

Age Points

20–34 –7
35–39 –3
40–44 0
45–49 3
50–54 6
55–59 8
60–64 10
65–69 12
70–74 14
75–79 16

Age

20–39 40–49 50–59 60–69 70–79

Total cholesterol
<160 0 0 0 0 0
160–199 4 3 2 1 1
200–239 8 6 4 2 1
240–279 11 8 5 3 2
≥280 13 10 7 4 2

Age

20–39 40–49 50–59 60–69 70–79

Nonsmoker 0 0 0 0 0
Smoker 9 7 4 2 1

HDL (mg/dL) Points

≥60 –1
50–59 0
40–49 1
<40 2

Systolic BP (mm Hg) If untreated If treated

<120 0 0
120–129 1 3
130–139 2 4
140–159 3 5
≥160 4 6

(continues)



Global Risk Scores
There is a complex interplay between sex and traditional risk factors (as noted previ-

ously) with the frequency of risk factors resulting in a differential synergistic increase
in CHD risk. As such, accounting for the global risk for major CHD events has become
a central method to estimating a patient’s likelihood for major adverse cardiac events
(Table 1; 3). A commonly applied global risk score was developed based on the Fram-
ingham study participants and their offspring. Figure 4 details a recent analysis of the
percent of low (<6% 10-year risk of cardiac death or MI) to high (>20% 10-year risk of
cardiac death or MI) risk subsets of this study cohort in women and men across the age
spectrum (1). A patient whose risk exceeds 20% is considered to be the equivalent of a
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Table 1
(Continued)

Point total 10-Year risk %

<9 <1
9–12 1
13–14 2
15 3
16 4
17 5
18 6
19 8
20 11
21 14
22 17
23 22
24 27
≥25 ≥30

Fig. 4. Estimated 10-year hard CHD risk Framingham offspring and cohort men and women.



CHD patient (i.e., 2%/year risk of cardiac death or MI) with subsequent initiation of
secondary prevention treatment strategies. Generally, across the ages, women are at
lower risk than men. However, a woman’s risk does increase by her 50s; such that,
approx 5, 15, and 50% of women in their 50s, 60s, and 70s, accordingly, have an ele-
vated risk of CHD events. 

One challenge with using global risk scores (like using Framingham risk score) is
that they explain less of the variance in outcome for women when compared to men
(1). In one recent example, coronary calcium, a measure of subclinical disease, was
noted in 47% of women classified as low risk by the recent NCEP III guidelines (61),
which has led many investigators and clinicians to search for additional laboratory
markers or imaging measures that may further delineate risk in women.

Emerging Risk Markers (Fig. 1)
Emerging risk markers include lipoprotein-a, homocysteine, prothrombotic factors,

proinflammatory factors (i.e., hs-CRP), impaired fasting glucose, and subclinical ather-
osclerosis measures. hs-CRP is an acute-phase reactant marker for inflammation. CRP
levels are elevated in patients with hypertension, smokers, impaired glucose tolerance
patients, and obese patients (62–64). Its ease, consistency, and measurement cost make
it a very attractive marker for increased CVD risk. hs-CRP levels are generally higher
in African-Americans and women. Interestingly, higher CRP levels are noted for women
after the age of 12 or 13 years. As well, hs-CRP levels generally increase with age.

In the Women’s Health Study, a prospective cohort of 30,000 middle-aged, predom-
inantly postmenopausal American women CVD-free at study entry, the relative risk of
future vascular events increased as the level of CRP went from low-normal to high-nor-
mal (9,65), which was true for all cardiovascular events, as well as for the specific com-
bined endpoint of MI or stroke. Figure 1 illustrates the 8-year event-free survival for
hs-CRP and LDL values (9). Despite the ability of hs-CRP to predict future events, it
remains unclear whether it is a risk marker or a risk factor, and routine screening of all
adults remains controversial (66). Although there are several drugs that have been
known to reduce hs-CRP, including aspirin (67) and statins (68), it is not known if ther-
apy should be altered as a result of the CRP level.

Measures of Subclinical Disease
Imaging markers of subclinical disease have examined the abnormalities of

microvascular disease and function, including most commonly carotid-intima media
thickness (C-IMT) or electron beam tomographic (EBT) measures of coronary calcium
(69,70). A number of reports have noted abnormal internal or common carotid thick-
ness as a marker for increased CHD risk. Recent evidence from the Cardiovascular
Health Study of elderly men and women revealed that internal carotid thickness and a
carotid stenosis greater than 25% as a marker for diabetes (71).

Another commonly applied procedure, electron beam computed tomography, mea-
sures coronary calcium. In the United States, approx 300,000 EBT procedures are per-
formed annually in 79 centers (72). Coronary calcium is common and increases with
age; a high risk score (>400) ranges from 10% of a middle-aged women to approx 50%
of elderly women (73,74). Coronary calcium does not occur in a normal vessel wall,
being a part of atherosclerosis development and occurs in advanced plaques. Coronary
calcium is considered a marker for plaque burden, where scores range from 0 to greater
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than 1000. Age and gender percentile scores have been established (75,76). Recent evi-
dence suggests that because of smaller body surface area and arterial size, the relative
risk associated with dying may be greater for every extent of coronary calcium in
women when compared with men (70). That is, a coronary calcium score of 100 in a
woman has similar mortality risk to that of a man with a score of 400. These results
suggest that lower thresholds for risk-reducing therapies may have to be implemented
for women with measurable calcium amounts, although precise treatment strategies
have yet to be elucidated.

BARRIERS TO PREVENTION

Primary prevention strategies have been shown to be highly effective to reduce both
the incidence and recurrence of cardiac events in women. However, in a recent report
using the National Ambulatory Care Survey conducted by the CDC, women were
found to be less often counseled about diet, exercise, smoking cessation, and weight
reduction (77,78). Suboptimal treatment for women also includes lower rates of using
beta blockers, aspirin, statins, antiarrhythmic therapies, as well as an underuse of car-
diac catheterization, percutaneous coronary interventions, and coronary bypass surgery
(79–83).

The issue of optimal primary prevention is complex and includes a variety of mat-
ters, e.g., patient compliance, physician factors like physician gender, access, and orga-
nizational barriers, along with ethnic and societal barriers that may affect women in
particular. The knowledge gap for women and their understanding of CHD and its
associated risk factors (especially modifiable risk factors) is of primary importance.
Interestingly, women perceive and rate barriers to making healthy lifestyle changes
quite differently than men (84). Women should be encouraged to participate in further
clinical research that provides a better understanding of any sex-related differences and
provides a venue for improved diagnostic and treatment strategies for CHD, because
historically, women have constituted only a very small portion of CVD clinical trials.

CONCLUSION

A large number of differences in risk-factor prevalence and outcome, as well as in
the global risk scores, exist between men and women. Generally, women have a greater
degree of comorbidity, an older age of presentation, and a risk-factor burden, which
play important roles in clinical outcomes (especially for younger women). A compila-
tion of evidence suggests that there is sex-related variation in the interplay of risk fac-
tors; hormonal factors, and disease burden that further impact on outcome.

Much of our current health care system is based on a reactive approach to care. Opti-
mal risk reduction requires a more proactive and preventive approach to care. For opti-
mal prevention, the aim of a healthy lifestyle is to prevent the future evolution of
cardiac risk factors, including an annual examination for men and women at or follow-
ing their age of increasing disease prevalence (i.e., >55 years of age). The examination
should check blood pressure, blood glucose, and cholesterol levels, etc. Women should
know their own risk factors and develop a rapport with their doctor for optimal inter-
changes about hurdles in lifestyle changes. Generally, this examination should have
some measure of global risk, where higher risk women are targeted for more aggres-
sive management, resulting in long-term proportional risk reduction.
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Using this tenet, resources and programs can then be allocated to higher risk
patients, which leads to a greater degree of risk reduction. Low-risk patients should be
encouraged to maintain healthy lifestyles that can prevent them from becoming high
risk. A large body of evidence suggests the rate-limiting step for prevention is the
implementation of risk-factor modification and the utilization of laboratory and other
diagnostic tests that identify a high-risk female population. Optimal utilization of risk
scores, identification and management of risk factors, provides the platform for reduc-
ing a large percentage of the population attributable risk for CHD in women.
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INTRODUCTION

The total number of men who develop clinically manifested heart disease during their
lifetime is greater than that number diagnosed in women, but currently more women die
as a result of coronary artery disease (CAD) than men. It has been estimated that 63% of
these deaths occur in women who had no antemortem CAD diagnosis.

The following general facts have been established: (1) women develop CAD symp-
toms later than men (average of 10 years); (2) chest pain is generally a poor predictor
of epicardial coronary disease in women; and (3) women often have more extensive
disease than their male counterparts when they do develop symptoms, thus their overall
prognosis at presentation is worse than men.

The incidence of coronary disease in women increases dramatically after
menopause, and this is not necessarily established in the traditional Framingham risk
assessment, which places chronologic age as the most powerful risk factor, but consid-
ers female sex (regardless of age) as a separate and “negative” risk factor. Elevated
total serum cholesterol is another important cardiovascular risk, but a high-density
lipoprotein (HDL) cholesterol of more than 60 mg/dL is considered a “negative” (i.e.,
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beneficial) for the whole population. However, there is emerging evidence that sug-
gests this may not always be true for women (1).

Many cardiologists therefore suggest that clinicians consider testing women on an
individual basis for signs of subclinical atherosclerosis, rather than relying on tradi-
tional broad-based population National Cholesterol Education Program (NCEP) or
Framingham “risk equations” to identify those at greatest risk. Current and emerging
measures for clinicians to predict coronary plaque burden generally involve direct
imaging of the vascular system, including direct coronary angiography, ultrasonogra-
phy (carotid, peripheral, and intravascular), and quantification of coronary artery cal-
cium by electron beam tomography (EBT).

Coronary artery calcium is intimately associated with mural atheromatous plaque
(2–6). A direct relationship has been established between coronary artery calcium as
measured by EBT and both histologic (7,8) and in vivo intravascular ultrasound (9,10)
measures of atherosclerotic plaque on a heart-by-heart, vessel-by-vessel, and segment-
by-segment basis. Additionally, there is increasing evidence that the common clinical
measure of coronary calcium by EBT, the “calcium score” (11), has a significant pre-
dictive value for subsequent cardiac events in both symptomatic and asymptomatic
patients (12–16), having predictive value over and above the traditional risk factors
(15). The following discussion examines the role of EBT in the diagnosis of CAD in
women.

CORONARY ARTERY CALCIUM

General Pathology of Coronary Calcium
Atherosclerosis is the only disease known to be associated with coronary calcifica-

tion (2,3,6). Recent studies have shown that calcium can be seen in all degrees of ather-
osclerotic involvement and is an active process (17–20).

Coronary calcification is common in patients with known CAD (21–25), being
strongly related to age and increasing dramatically after age 50 (23–25). McCarthy
(21) studied 65 consecutive autopsy-derived hearts (death not necessarily of cardiac
causes) and found 63% to have some coronary artery calcification, nearly always asso-
ciated with a degree of luminal CAD. Of the coronary arteries studied from patients
older than 60 years, 94% demonstrated some degree of calcification. In a series of 360
(living) patients undergoing cardiac catheterization and coronary fluoroscopy, Bartel
(26) found a 43% prevalence of calcification, and roughly 60% of patients studied over
age 60 had some calcification as noted by fluoroscopic examination. In a separate study
of individuals from the general population not known to have coronary disease, the cal-
cification prevalence by fluoroscopy has been reported to be roughly 20% (24).
Because Faber (27) noted in 1912 that Mönckeberg’s calcific medial sclerosis does not
occur in the coronary arteries, atherosclerosis is the only vascular disease known to be
associated with coronary calcification.

Many reports relate the amount of coronary calcification to the severity of stenoses.
For example, in the autopsy series mentioned previously (21), significant stenosis
and/or occlusion was virtually certain if calcification was present in segments longer
than 1 cm. This link has been borne out by other studies as well (2,3,28). Hamby (29)
found that 81% of patients with angiographic two- or three-vessel disease had coronary
artery calcification. Mintz et al. (30) studied 110 men and women undergoing coronary
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angioplasty for symptomatic CAD. The presence of target lesion calcification was
identified in 75% of these individuals using intravascular ultrasound.

Coronary remodeling associated with the development and progression of athero-
sclerotic disease is a recently described phenomena, whereby the luminal cross-sec-
tional area and/or external vessel dimensions enlarge in compensation for increasing
areas of mural plaque (31). Coronary artery calcium is an intimate component of some
plaques. In a histopathology investigation, Clarkson (32) has shown that plaques with
microscopic evidence of mineralization were much larger and were associated with
much larger coronary arteries than those sections without microscopic evidence of cal-
cification; this was true in humans and in nonhuman primates. The compensatory
enlargement of atherosclerotic coronary segments may explain why coronary angiogra-
phy frequently underestimates the severity of coronary disease when compared with
histopathological studies. Studies that attempt to correlate the site and amount of coro-
nary calcium with percent luminal narrowing at the same anatomic site have shown a
positive but nonlinear relationship with large confidence limits (7). However, coronary
plaque and its associated coronary calcification may have only a poor correlation with
the extent of histopathological stenosis (32,33), which, in turn, is largely accounted for
because of individual variations in coronary artery remodeling. On the other hand, in
situ coronary calcium is associated with plaque size (33).

A study by Rumberger et al. (8) emphasized that the total area of coronary artery
calcification is correlated in a linear fashion with the total area of coronary artery
plaque on a segmental, individual, and whole coronary artery system basis. However,
the areas of coronary calcification were on the order of one fifth that of the associated
coronary plaque. Additionally, there were clear plaque areas without associated coro-
nary calcium as detected with EBT. These data suggest that there may be a coronary
plaque size most commonly associated with coronary calcium but, in the smaller
plaques, the calcium is either not present or is undetectable. However, coronary plaque
disease is a diffuse process; although calcium may not be seen in one particular area, if
the overall plaque burden is sufficient, coronary artery calcium will be identified.

Molecular Biology of Coronary Calcium
Calcium phosphate (in the hydroxyapatite form) and cholesterol accumulate in ath-

erosclerotic lesions. Circulating proteins that are normally associated with bone
remodeling play an important role in coronary calcification. Although the true role of
calcium in the atherosclerotic process is unknown, within the past several years, new
insights into the pathophysiology of coronary calcification have developed. Fitzpatrick
et al. (34) used in situ hybridization to identify mRNA of matrix proteins that are asso-
ciated with mineralization in coronary artery specimens. Specifically, they identified a
cell attachment protein (osteopontin) from autopsy coronary artery specimens, which
is a protein associated with calcium (osteonectin) and a gamma carboxylated protein
that regulates mineralization (osteocalcin). Similar studies have shown that osteopontin
can be seen in tissue that demonstrates atherosclerotic involvement and appears to be
present only in sites of concomitant coronary atherosclerotic disease. Hirota et al. (19)
demonstrated by Northern blotting that osteopontin mRNA expression is related to the
severity of atherosclerosis. Additionally, osteonectin mRNA expression decreased with
atherosclerosis development. Shanahan (20) and Ideda (18) have independently
demonstrated that the predominant cell types in these areas are macrophage-derived
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foam cells, although some smooth muscle cells were also identified. Finally, Bostrom
et al. (17) recently identified bone morphogenetic protein-2a, a potent factor for
osteoblastic differentiation in calcified human atherosclerotic plaque. Cultured cells
from the vascular wall formed calcified nodules similar to those found in bone cell cul-
tures. The predominant cells in these nodules had immunocytochemical features char-
acteristic of microvascular pericytes, which are capable of osteoblastic differentiation.
These findings suggest that arterial calcium in atherosclerosis is a regulated process
similar to bone formation, rather than a passive precipitation of calcium phosphate
crystals.

In summary, recent studies have confirmed that arterial calcium development is inti-
mately associated with vascular injury and atherosclerotic plaque evolution, being
largely controlled by common cellular and subcellular mechanisms. Calcium can be
seen in all degrees of atherosclerotic involvement and is an active process; thus, the
long-held notion of so-called degenerative calcification of the coronary arteries with
aging is incorrect. Although there is an increasing incidence of coronary calcification
in patients, as one grows older, this simply parallels the increased incidence of coro-
nary atherosclerosis with advancing age.

OVERVIEW OF ELECTRON BEAM COMPUTED TOMOGRAPHY

Although it has been clinically available for nearly 20 years, EBT (also referred to
as Ultrafast-CT, Imatron Inc., South San Francisco, CA) employs unique technology
that enables ultrafast scan acquisition times of 50–100 ms per slice. EBT is distin-
guished by the use of a scanning electron beam, rather than a traditional X-ray tube and
mechanical rotation device used in current spiral scanners. The electron beam (cath-
ode) is steered by an electromagnetic deflection system that sweeps the beam across
the distant anode, a series of fixed tungsten target rings. Thus, as opposed to physically
moving the X-ray tube in a circle about the patient, as is done by the so-called “subsec-
ond” mechanical computed tomography (CT) scanners, only the electron beam is
moved in EBT. Current mechanical CT systems take images with scanning 3–10 times
slower than EBT and may or may not also use retrospective gating of images and post-
processing to attempt to mathematically or visually reduce cardiac motion artifacts.
There are very few studies published with the use of these mechanical scanners, and
their information is generally considered by experts in cardiac CT to be limited regard-
ing the reliable quantification of coronary artery calcium scores. The following discus-
sions apply only to the EBT imaging system.

Standardized methods for the imaging, identification, and quantification of coronary
artery calcium using EBT have been established (6). The scanner is operated in the
high-resolution, single-slice mode with continuous nonoverlapping slices of 3-mm
thickness and an acquisition time of 100 ms per tomogram. Patients are positioned
supine and, after localization of the main pulmonary artery, a sufficient number of
tomographic slices are obtained to cover the complete heart through the left ventricular
apex (usually 36–40 slices). Electrocardiographic triggering is done at the end-diastole
at the prespecified phase of the relative risk (RR) interval, determined from the contin-
uous electrocardiogram (ECG) recording. The presence of coronary calcium is
sequentially evaluated in all levels. Coronary calcium is defined as a hyperattenuating
lesion above a threshold of 130 “Hounsfield Units,” with an area of three or more adja-
cent pixels (at least 1 mm2. CT Hounsfield Unit densities range from –1000 [air],
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through 0 [water], and up to +1000 [dense cortical bone]). Figure 1 shows a represen-
tative EBT tomogram at the base of the heart, demonstrating ossification of mural arte-
rial segments in the left anterior descending coronary artery, left circumflex, and right
coronary arteries of 49-year-old women with normal lipids, but family history or pre-
mature CAD. To the right of the figure is also a three-dimensional rendering that
shows the coronary calcium extent in several vascular beds. The calcium score (6,11)
is a product of the area of calcification per coronary segment and a factor rated 1–4
dictated by the maximum calcium CT density within that segment. A calcium score is
reported for a given coronary artery and for the entire coronary system; however, most
research studies have reported data related to the sum or total score for the entire epi-
cardial coronary system.

CORONARY ARTERY CALCIUM BY EBT AND CORONARY DISEASE

Coronary Calcium, EBT, and Estimates of Atherosclerotic 
Plaque Burden

A fundamental requirement for the use of EBT coronary calcium quantification to
define coronary artery plaque is to establish how these two measures relate to each other.
Additionally, the potential for fundamental differences in plaque determination by EBT
between men and women must be established before broad clinical application.
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Fig. 1. Noncontrast EBT of a 49-year-old asymptomatic woman with an extensive family history of
premature coronary disease. (A) A single tomogram at the heart base showing prominent calcification
in the left anterior descending (LAD) and left circumflex (LCX) arteries. (B) A three-dimensional
volume rendering that shows the extent of calcification in both the LAD and LCX. Additionally, there
is prominent calcification of the proximal, mid, and distal (lower arrow) right coronary arteries
(RCA) evident when the entire scan set was reviewed.



My colleagues and I initially examined random autopsy hearts and compared coro-
nary calcium measures using EBT when compared with direct histologic plaque areas
and percent luminal stenosis (8,35,36). This study determined that the total area of
coronary artery calcification quantified by EBT is linearly correlated (r = 0.90), with
the total area of histologic coronary artery plaque. Here, although the total atheroscle-
rotic plaque burden was tracked by the total calcium burden, not all plaque was found
to be calcified, and the total calcium area was approx 20% of the total atherosclerotic
plaque area. An article by Baumgart et al. (9) compared direct intracoronary ultra-
sound measures during angiography with EBT scanning and confirmed a direct asso-
ciation of coronary calcium score with the localization and extent of atherosclerotic
plaques in vivo.

Our original autopsy study evaluating EBT consisted of 13 hearts (5 women and 8
men). In this study, the three major epicardial arteries were dissected, each artery
straightened and scanned using EBT in contiguous 3-mm thick cross-sections. After
imaging, histologic sections were prepared at corresponding intervals, and luminal area
obstruction was determined by planimetry. A total of 522 (182 female and 340 male)
histologic specimens were examined and paired with corresponding EBT scans.
Receiver-operating characteristic (ROC) analysis was used to define site specificity of
calcium area for luminal area narrowing by atherosclerosis (36). ROC curve areas for
segmental EBT calcium and prediction of mild (maximum lumen stenosis <50% diam-
eter narrowing), moderate (maximum stenosis at least 50% diameter narrowing), and
severe (maximum stenosis at least 75% diameter narrowing) were 0.712, 0.843, and
0.857 for women and 0.732 (p = NS), 0.793 (p = NS), and 0.841 (p = NS) for men,
respectively. Curves relating false-positive rate sclerotic narrowing vs EBT-quantified
coronary calcium area were curvilinear. Examples of those data for women are shown
in Fig. 2. Figure 2A is the ROC curve for women based on calcium area and the pres-
ence in the same histologic region of varying luminal stenoses. Figure 2B represents
the linear measure of the calcium area in a given histologic section and the false-posi-
tive rate (defined as 1-specificity). In both men and women, an EBT measured coronary
calcium area of 1 mm2 in any histologic specimen gave a false-positive rate of 0%. For
both men and women, a segmental calcium area of 2.0–2.5 mm2 by EBT showed no
false-positives for the presence of moderate coronary stenoses, whereas a segmental
EBT calcium area of 3.0–3.5 mm2 was positively associated with the presence of
severe luminal disease at the same anatomic site.

Angiographic Correlates
The direct pathological study noted previously thus suggested that coronary artery

calcium defined by EBT had similar predictive values for similar extents of coronary
disease, regardless of sex. The next step was then to assess the effect of patient sex on
EBT studies done in patients undergoing direct coronary angiography.

We studied 50 women and 89 men who had EBT scans done 1 day after cardiac
catheterization. The women were roughly a decade older than the men, but were
matched for clinical indications for angiography and luminal disease extent as con-
firmed by angiography. Sixteen women (32%) had normal coronary arteriograms; 6
women (12%) had trivial stenoses (maximum <20%); 10 women (20%) had moderate
stenoses (>20% but <50%); and 18 women (36%) had significant stenoses (>50%) (p =
NS for all in comparison to men). Sensitivity, specificity, and positive and negative pre-
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Fig. 2. (A) Receiver-operating characteristic (ROC) curves for EBT coronary calcium area in pre-
dicting mild, moderate, and severe luminal atherosclerotic disease in coronary artery pathologic spec-
imens from women. (Adapted from ref. 36, see text for details.) False-positive rate is defined as the
quantity (1-specificity). Each of these ROC curve areas indicates the positive association between
EBT calcium area and coronary disease. (B) False-positive rate vs coronary artery calcium area from
pathological specimens in women, relating to the prediction of mild, moderate, and severe luminal
atherosclerotic disease. (Adapted from ref. 36, see text for details.) A false-positive rate of 0.5 corre-
sponds to a 50% specificity, whereas a false-positive rate of 0 corresponds to 100% specificity.



dictive values for coronary calcium were nearly identical for men and women, regard-
less of the degree of angiographic stenoses (see Table 1). Overall, negative predictive
values were 91% in women for any angiographic disease and 100% in women for sig-
nificant angiographic disease. ROC curve areas in women for angiographic disease pre-
diction using EBT was 0.92 ± 0.02; for prediction of significant angiographic disease
in women using EBT, the ROC curve area was 0.83 ± 0.06 (p = NS for both when com-
pared to men).

Based on this study, we concluded that in this middle-aged population, noninvasive
definition of coronary calcium by EBT had similar predictive value for angiographic
coronary artery stenoses in men and women.

CLINICAL EPIDEMIOLOGY, RELATIONSHIPS TO RISK FACTORS,
AND PREDICTION OF RISK IN FUTURE CARDIAC EVENTS

Epidemiology of Coronary Artery Calcium by EBT
A prospective study of more than 14,000 men and women found that CAD risk

increases with age, and this increase is more dramatic in women. Most risk factors
were more favorable in women, but the gender affect on risk factors diminishes with
increasing age (38). Another study found that CAD incidence is lower in pre-
menopausal women when compared with men. However, following menopause, the
mortality risk from CAD increases in women.

The incidence of coronary artery calcium by EBT as a function of age has been
shown to mimic the incidence of cardiovascular atherosclerotic disease in men and
women. Figure 3 shows coronary calcification incidence by EBT in an unselected
patient population of men and women between the ages of 20 and 80 (39). These data
show the following: (1) the incidence of coronary artery calcium increases from only a
few percent in the second decade of life to nearly 100% by the eighth decade in men
and women; (2) the general incidence of coronary artery calcium in women is similar
to that in men a decade younger; and (3) this separation in incidence with age is elimi-
nated by approximately ages 65–70, when coronary calcium incidence is similar to
men of the same age.
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Table 1
Sensitivity, Specificity, Predictive Values, and Standard Errors for EBT Detection of Coronary

Calcium and Angiographic Disease Severity

Any arteriographic Significant arteriographic 
disease disease

EBT and coronary calcium Women Men Women Men

Sensitivity 97 ± 3% 94 ± 3% 100 ± 0% 98 ± 2%
Specificity 38 ± 12% 35 ± 10% 66 ± 8% 57 ± 8%
Positive predictive value 85 ± 6% 89 ± 4% 46 ± 8% 66 ± 6%
Negative predictive value 91 ± 9% 79 ± 9% 100 ± 0% 95 ± 5%

Any angiographic disease—presence of at least minimal luminal irregularities. Significant angiographic
disease—presence of any luminal stenosis representing greater than or equal to 50% diameter narrowing.
(Based on data in ref. 37.)



As a measure of the extent of coronary disease, coronary artery calcium score also
increases with age, but the magnitude of the estimated atherosclerotic plaque burden by
EBT is quite different in men vs women. Table 2 shows calcium scores in a large group
(9728) of unselected consecutive male and female adults seen at one EBT scanning
center (40). Data are given as a function of age, sex, and percentile rank of EBT cal-
cium scores. The median coronary calcium score is zero for women until their mid- to
late 50s. In men of similar ages, already moderate EBT calcium scores are noted—
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Fig. 3. Incidence of coronary artery calcium by EBT as a function of age and gender. (Adapted from
ref. 39.)

Table 2
Calcium Scores of 9728 Adults

Age/Men

Percentile 
rank 35–39 40–44 45–49 50–54 55–59 60–64 65–69

25th 0 0 0 0 3 14 28
50th 0 0 3 16 41 118 151
75th 2 11 44 101 187 434 569
90th 21 64 176 320 502 804 1178

Age/Women

Percentile
rank 35–39 40–44 45–49 50–54 55–59 60–64 65–69

25th 0 0 0 0 0 0 0
50th 0 0 0 0 0 4 24
75th 0 0 0 10 33 87 133
90th 4 9 23 66 140 310 362

Age, chronologic age in years. (Adapted from ref. 40.)



again consistent with an overall low prevalence of advanced coronary atherosclerotic
disease in men and, in particular, women until their fifth decade of life.

EBT Coronary Calcium and Risk Factors in Women
Kuller and colleagues recently examined coronary and aortic calcification by EBT in

a group of postmenopausal women relating to premenopausal risk factors (41). From
the Healthy Women Study, Dr. Kuller measured conventional risk factors in 169
women at age 48, then followed up with an EBT scan at age 59. Thirty-seven percent
of these healthy women (with no known heart or vascular disease) had positive EBT
coronary scans; the 75th percentile score was 13, the 90th percentile score was 138,
and the 95th percentile score was 332. These calcium scores are consistent with the
data obtained in a separate asymptomatic female population between the ages of 50
and 59, as given in Table 2.

Coronary and aortic calcification (an indicator of extracardiac atherosclerosis) was
positively associated with each other. There were very strong associations between
low-density lipoprotein (LDL) cholesterol and coronary calcification. Among women
with premenopausal LDL cholesterol less than 100 mg/dL, only 9% had a calcium
score above 100 when compared with 30% of women with an LDL cholesterol greater
than 160 mg/dL. Approximately 5% of women with an HDL cholesterol greater than
60 mg/dL had coronary calcium, and the level of HDL cholesterol had an especially
strong inverse relationship with coronary calcium scores. Other premenopausal risks
associated with postmenopausal coronary calcium (coronary plaque) were cigarette
smoking, higher systolic blood pressure, serum triglycerides levels, and 2-hour post-
prandial serum glucose. These data strongly indicated that premenopausal risk factors
were powerful predictors of postmenopausal coronary and aortic calcification by EBT.
However, despite the general linear association, risk factor values on an individual
basis were only moderate predictors of the extent of coronary plaque.

EBT Coronary Calcium and Risk of Future Cardiac Events
Because EBT calcium scores do relate to conventional risk, yet also provide an

assessment that cannot be obtained by a blood test (that is, the actual site and severity
of atherosclerotic plaque disease), it is important to explore how EBT might be an
independent predictor of risk.

EBT coronary calcium scores have been shown to be predictive of cardiac and
coronary vascular events in several studies. The data discussed are consistent with the
area or score for coronary calcification quantified by EBT being viewed as a surro-
gate for the overall atherosclerotic plaque burden. Although calcification may be a
histological feature of stable as well as unstable plaques, it is reasonable to assume
that a greater overall plaque burden increases the likelihood of greater proportions of
both plaque subtypes. Indeed, the extent of coronary atheromatous disease remains
the most powerful predictor of subsequent or recurrent cardiac events (42). The prog-
nostication implications using coronary calcium quantification by EBT should not be
predicated solely on the site and severity of the calcified plaque per se or even the
probable severity of luminal narrowing, but that the extent of atherosclerotic disease
and the presence of plaques of variable morphologic characteristics increase in direct
proportion to the amount of detectable calcified plaques.
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There have been several recent studies regarding cardiac prognosis and EBT calcium
score. Arad and colleagues (13) initially reported a follow-up study of 1173 initially
asymptomatic patients (average age 53 ± 11 years) with no known coronary disease for a
mean of 19 months after a screening EBT coronary calcium scan. The magnitude of the
coronary calcium score at the time of the index EBT scan was highly predictive of subse-
quently developing symptomatic cardiovascular disease during follow-up. Odds ratios
ranged from 20:1 for a calcium score of 100 to 35:1 for a calcium score of 160. This
study has now been carried out for a total of 3.6-year follow-up (16). Complete follow-
up was available in 99.6% of the original 1177 patients. There were 39 total subjects
with coronary events (only one event/patient was considered, even if some had multiple
events), including 3 coronary deaths, 15 nonfatal myocardial infarctions (MIs) and 21
coronary artery revascularization procedures. For the prediction of “hard” events only
(nonfatal MI or coronary death), areas under the ROC curve were 0.86, and a coronary
calcium score above 160 was associated with an odds ratio of 22.2. The odds ratios for
all cardiac events remained high (14.3–20.2) after adjustment for self-reported cardio-
vascular risk factors. However, the study by Arad did not specifically evaluate female
risk and, in fact, 71% of the participants were men.

Wong et al. have reported on a group of 926 initially asymptomatic men (n = 735)
and women (n = 191) for cardiovascular event follow-up a mean of 3.3 years after a
baseline EBT scan (12). Although there were 41 total new cardiovascular events
reported by the patients, only 28 could be verified by careful review of medical records
and included 6 MIs, 2 strokes, and 20 coronary revascularization procedures. Cox pro-
portional-hazards regression showed coronary artery calcium by EBT to be associated
with a greater risk for a cardiovascular event independent of age, sex, and other risk
factors. Importantly, the relative risk for any cardiovascular event increased with the
numerical value of the calcium score. In comparison to scores of 1–15, those with
scores exceeding 271 (highest quartile of plaque burden) were 8.8 times higher. That
these data were found independent of sex is at least consistent with the data suggesting
that, at a given EBT calcium score, women have similar disease extents when com-
pared to men and should thus be expected to have similar numbers of events based on
estimates of total atherosclerotic plaque burden.

The magnitude of the risk to an individual with moderate or greater coronary artery
calcium, viewed as a surrogate to measures of total coronary atherosclerotic burden, is
underscored when one considers relative risks of developing symptomatic coronary
disease using conventional risk analysis. Exercise thallium scintigraphy was recently
shown to predict coronary death and nonfatal MI with an odds ratio of 4.4 at 6 years in
an already high-risk cohort (43). Bostom (44) reported a 15-year follow-up in 2191
middle-aged initially asymptomatic men (20–54 years old at entry) as part of the Fram-
ingham database. The relative risk of developing symptomatic CAD in this group was
1.9:1 (95% CI, 1.2–2.9) for an elevated Lp(a), 1.8:1 (95% CI, 1.2–2.6) for total choles-
terol greater than 240 mg/dL, 1.8:1 (95% CI, 1.2–2.6) for an HDL less than 35 mg/dL,
3.6:1 (CI, 2.2–5.5) for cigarette smoking, and 1.2:1 (CI, 0.8–1.8) for systolic hyperten-
sion. Thus, based on these comparisons, EBT calcium score alone appears to be more
predictive of cardiac events than traditional risk factors individually, and as the only non-
invasive method to localize and quantitate the extent of the total coronary atherosclerotic
plaque burden, it offers a measurable tool for improved risk stratification and prognosis.
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CLINICAL APPLICATIONS

EBT is completely noninvasive, requires no injections, and scanning the entire heart
is completed in a single breathhold. Coronary calcium scanning (CAS) using EBT is
intended to assist clinical decision making and to consequently improve outcomes in
patients with suspected coronary disease and in those at risk for its development. Based
on the previous discussions, EBT has applications in women with and without cardio-
vascular symptoms.

Symptomatic Women
Women with a variety of symptoms (chest pain/pressure, unusual dyspnea with

effort, and so forth) may have angina. The cardiac testing objective in most sympto-
matic individuals is to rule in or rule out the presence of obstructive CAD. The usual
clinical scenario is to perform a provocative stress test to determine if there is inducible
ischemia. If the test is abnormal, further testing, treatment, or intervention is indicated.
If the test is normal or negative, the patient is reassured or sent for further testing to
look for a noncardiac cause for their symptom(s). However, not all patients with symp-
toms are similar and conventional, and radionuclide stress testing in women is notori-
ously imprecise, mainly because of issues related to pre- and posttest likelihood of
obstructive disease, as well as the referral bias issues that cloud the sensitivity and
specificity related to conventional stress testing in men and women. Determining
which investigations (if any) are needed beyond the initial history and physical exami-
nation requires the physician to first estimate the likelihood that the patient does or
does not have angina.

Age, sex, contributing risks, and the nature or severity of symptoms are the usual
clinical variables that provide useful clues to the need for additional testing. The com-
monly employed terms atypical chest pain vs typical angina imply a low to intermedi-
ate likelihood of ischemic disease vs a high likelihood of ischemic disease,
respectively.

Using EBT as a probabilistic model for examining the likelihood of obstructive dis-
ease in women (and in men) was recently presented by Bielak and colleagues (45). A
total of 213 clinical patients were examined with clinically indicated coronary angiog-
raphy, based on the symptoms or results of prior conventional stress examinations.
Each of these individuals had an EBT scan 1 day after the angiogram. An additional
765 research patients were examined with EBT alone to assist in refining issues of
referral (or verification) bias. Referral bias is a common problem with conventional
stress testing; sensitivity for obstructive disease in comparison with angiography is
falsely elevated, because mostly only “abnormal” stress results end up with requests
for confirmatory angiograms. However, in general, the specificity of stress tests is actu-
ally falsely lowered, because “normal” patients do not usually get angiography refer-
rals. To adjust for the bias potential, data on sex, age, and calcium scores from the
research participants were incorporated into the overall sensitivity and specificity
analysis.

In the angiography group, 53.6% had at least one obstructive lesion, and only 1
patient (0.9%) with obstructive CAD had a calcium score of zero. Conversely, 46.4%
of the patients with obstructive CAD had a calcium score greater than 500, but few (3
of 101; 3%) without obstructive CAD had a calcium score greater than 500. Among
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patients older than 50 years, 39 women were in the angiography group and 196 women
were in the nonangiography group. Among patients younger than 50 years, 12 women
were in the angiography group, and 194 women were in the nonangiography group.
After adjustments for verification bias, the overall EBT sensitivity for obstructive dis-
ease for men and women was 97%; the specificity was 73%. Four optimal strata were
then identified for men and women based on age and EBT calcium score for the diag-
nosis of obstructive CAD.

The likelihood ratio reflects the odds that a given test result will occur in an individ-
ual with the disease as opposed to an individual without the disease, where values can
range from zero to infinity. In women older than 50 years, a calcium score of zero gave
a likelihood ratio close to zero (0.07), where calcium score greater than 200 gave a
likelihood ratio of 12.85. In women over 50, a calcium score equal to zero again had a
likelihood ratio of 0.29, where the same age group had a calcium score above 100, opti-
mal with a likelihood ratio of 189.69.

Figure 4 shows the probabilistic curves for women based on the previous informa-
tion; LRs were constructed for each of the strata. For a specific pretest probability, the
vertical distance between a point on the line that shows the posttest probability and the
equity line indicates the size of the difference between the pretest and posttest proba-
bilities, as well as the direction of the revision. As noted, when the obstructive disease
pretest probability (based on clinical information, e.g., history, physical, and laboratory
work) is close to zero or 1 (i.e., 100%), the gain in information from the EBT examina-
tion is small, as is the case with any specific test that fits into a probabilistic model and
Bayesian statistics. However, the most incremental value is in the patient with an inter-
mediate pretest likelihood of obstructive disease, where (specifically for women above
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Fig. 4. (A) Pre- and (B) posttest likelihood of obstructive CAD using EBT calcium score strata.
(Adapted from ref. 45.) Individuals with low-to-moderate pretest likelihood of obstructive disease are
most likely to have the likelihood estimate significantly reduced or increased, depending on the corre-
sponding EBT calcium score strata (see text for discussion).



and below age 50) the use of the EBT scan result helps to determine if further testing
may be necessary.

Two recent studies using EBT have confirmed that its use in patients with an inter-
mediate pretest probability as a clinical test is highly cost-effective (46,47). Further-
more, recent studies have confirmed that a zero calcium score is associated with a
95–98% event-free survival at a median follow-up of 3.5 years (16).

A positive coronary calcium scan indicates unequivocally that there is coronary ath-
erosclerotic plaque disease present. Although one cannot use the magnitude of the cal-
cium score to define percent luminal stenosis on a one-to-one basis, the calcium score
can be used to define the likely severity of associated coronary luminal disease (48). In
a symptomatic patient with an abnormal EBT scan, further cardiac testing is indicated.
Low to moderate scores (10–400) increase the likelihood of disease from low/interme-
diate to intermediate/high, and provocative stress testing would be the reasonable next
step. A high coronary calcium score (>400) in a patient with chest pain, however,
increases the likelihood of obstructive disease significantly, and, in some cases, direct
coronary angiography may be the most prudent next step in the work-up.

Asymptomatic Women
Traditional cardiac risk factors predict coronary disease in only 50% of cases.

Although a traditional determination of risk is clinically useful, the most powerful pre-
dictor of coronary events is a measure of current disease severity. EBT can determine
the calcium score, which measures the overall atherosclerotic plaque burden (8).

CAD is a complex process, resulting from a combination of environmental, hereditary,
habitual, and perhaps infectious influences that affect its occurrence and severity in an
imprecise manner. Yet, heart disease is not inevitable. There are effective means to reduce
the chances of developing manifest heart disease, but truly determining the magnitude of
the risk in any given patient has been traditionally difficult. Deciding whether or not to use
expensive drug therapy in very high- vs very low-risk patients is relatively straightforward
in clinical practice. However, these decisions in individuals at intermediate risk are clini-
cally difficult. Overtreatment of truly low-risk patients with drugs, such as statins, is not
cost-effective and subjects them to a low, but real, long-term risk of harmful side effects.
Undertreatment of true high-risk patients with such drugs may limit the potentially life-
saving benefits verified in multiple treatment trials.

EBT and coronary artery calcium scanning can determine the severity of atheroscle-
rotic plaque disease. Based on the magnitude of the calcium score, clinical treatment
and/or additional work-up guidelines have arisen (49,50). Recommendation details
based on absolute and relative calcium scores (based on age and sex) are given in Fig.
5. More recently, Grundy (51) took an alternative approach to incorporate EBT calcium
score into the traditional Framingham analysis. Because chronological age has the
most dominant effect on the actual risk calculation, Grundy suggested using coronary
calcium percentile ranking as a more precise measure for atherosclerotic plaque bur-
den. In this way, the intermediate-risk patient might benefit from a refinement in risk
stratification to determine if they are indeed at median risk or fall at a calcium score
that suggests they more properly belong in the low or alternatively high cardiac risk
subclasses.

EBT has also the potential to follow the progression and/or regression of atheroscle-
rotic plaque disease (52,53). Thus, when recommended, repeat scanning may provide

60 Coronary Disease in Women



information for the clinician and patient that indicates if the disease process is under
control. Such information can also provide motivation for the patient to follow a
healthy lifestyle or continue to take prescribed medications. Unfortunately, statistics
show that up to four out of five patients without known heart disease starting on lipid-
lowering medications will stop them within the first 1 to 2 years.

Women with negative EBT scans can be reasonably reassured that there is no
detectable disease and no further testing is presently indicated. Furthermore, in such
patients with borderline cholesterol elevation diet and exercise is the most prudent and
cost-effective therapy, reserving pharmacological therapy for those with abnormal
scans. This has important implications in the overall costs for preventive therapies. A
negative EBT scan may allow deferring statin therapy initiation based on the absence
of detectable disease. Utilization of repeat scanning at a later date may allow this issue
to be readdressed with indications for drug therapy reserved for those who have devel-
oped measurable disease since the last scan.

Women between the ages of 45 and 70 with no known heart disease and atleast one
significant conventional risk factor are potential candidates for EBT scanning. Advice
on scanning younger patients would depend on mitigating factors (e.g., history of very
early heart disease in a first- or second-degree relative, familial hypercholesterolemia,
juvenile-onset diabetes).
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Fig. 5. Overview of suggested interpretation of EBT calcium scoring in women and men based on
the total or absolute calcium score, as well as the percentile rank, which is dependent on both age and
gender. 



CONCLUSIONS

EBT can be used to estimate the overall coronary atherosclerotic plaque burden in
women. It can also be used to diagnose its presence and determine its extent; further-
more, information from the calcium score can be used to assess the likelihood of
advanced obstructive disease and to provide prognostic information, and as discussed,
these findings appear to be gender-independent. Finally, EBT has the potential to deter-
mine the consequences of therapeutic interventions regarding progression, stabiliza-
tion, or regression of coronary atherosclerotic disease.

EBT application is seen in both symptomatic and asymptomatic women, but the clini-
cal questions vary between these individuals. In the symptomatic woman, the clinical
question is “Does this patient have obstructive coronary disease?” In older and younger
women, it can function as a convenient and low-cost alternative to conventional stress
testing in those with a low to intermediate pretest likelihood of ischemic heart disease.
Additional considerations for EBT in lieu of conventional stress testing could also be in
women with preexisting resting echocardiogram abnormalities, women unable to ade-
quately exercise, women with a question of noncardiac chest pain, and in women with
equivocal prior stress test results. If negative for coronary calcium, no further cardiac
testing is recommended. If positive, then the magnitude of the total score can be used as a
guide for further testing. Regardless, even if further testing does not confirm the presence
of advanced obstructive coronary disease, the presence of subthreshold coronary plaque
can be used to address the need for intervention relating to risk factor modification.

In the asymptomatic woman, EBT is most useful in the intermediate-risk patient in
whom there is often a clinical conundrum as to the need or level of aggression for risk
factor intervention. Traditional estimates of risk for women, such as lipids and even the
use of age-adjusted Framingham estimates, cannot provide a measure of current plaque
disease severity as EBT can. Currently, there are published guidelines for the use of
EBT in men and women.
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INTRODUCTION

In terms of morbidity, mortality, and economic expense, heart failure (HF) is a syn-
drome of great importance in contemporary society. Despite recent advances in the
treatment of other types of heart disease, the impact of HF continues to increase. HF is
now the most common reason for hospital admission in the Medicare population (1).
Given the aging of the adult population (2), along with the increasing incidence and
prevalence of HF with age (3), the clinical and economic burden of HF is likely to con-
tinue to rise (Fig. 1; 3a).

Nearly every large study of HF etiology and treatment has predominantly involved
men as subjects, and results largely have been secondarily generalized to women.
However, recent investigations have revealed that men and women with HF differ sig-
nificantly regarding epidemiology, etiology, diagnosis, prognosis, and possibly even
treatment effects (4).
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EPIDEMIOLOGY

Incidence and Prevalence
Many physicians primarily regard HF as a male disease. This is likely the result of

the fact that risk factors for coronary artery disease (CAD) are common in men and
because most large HF trials have enrolled mostly men as subjects (5). Although the
age-adjusted incidence of HF in women is one-third lower (relative risk [RR] = 0.6)
than that in men (Fig. 2; 6) population studies have shown that overall HF prevalence is
approximately equal in men and women. For example, during the 20-year follow-up of
an initially normal population, the Framingham Heart Study identified the development
of HF in 3.7 per 1000 men and 2.4 per 1000 women (7). Despite the similarity in total
numbers of HF cases, important differences exist in gender-related HF demographics.

As depicted in Fig. 3, differences between women and men in the prevalence of HF
are age-related. Studies have shown a doubling in the prevalence with each decade over
50 years (3,8). On average, men are diagnosed at a younger age, whereas HF is more
common among women older than 75 years (9). It is women’s longer HF survival (see
below) and their population predominance among older age groups that consequently
boosts the overall prevalence to be approximately equal to that of men. Because of
these factors, the number of women with HF is expected to increase dramatically as the
population ages. This trend will cause the diagnosis and treatment of this disorder to be
of substantial importance in future patient care.

Differences in Etiology
As a population, women present with a different profile of HF risk factors than do

men. Women with HF more often present with hypertension, diabetes, obesity, and
smoking—and less CAD and left ventricular (LV) systolic dysfunction. Additionally,
pregnant women are at risk for peripartum cardiomyopathy. This section discusses
these distinctions and their implications.
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Fig. 1. Effect of the aging US population on the prevalence of heart failure (HF) (actual and pre-
dicted). (Adapted from ref. 3a.)



Fig. 2. Incidence rates of congestive heart failure by gender and age, showing that the incidence of
heart failure is slightly lower in women than in men at all age groups. (Reprinted from ref. 6, Copy-
right 1993, with permission from American College of Cardiology Foundation.) CHF, congestive
heart failure.

Fig. 3. Heart failure (HF) prevalence among Framingham Heart Study subjects by gender and age,
illustrating that HF prevalence approximately doubles with each decade of age past 50 years, and
prevalence in women was particularly high at older ages. (Reprinted from ref. 6, Copyright 1993,
with permission from American College of Cardiology Foundation.) CHF, congestive heart failure.



In large population studies, hypertension is the most commonly identified etiology
of HF in both genders. However, among patients with hypertension, women appear to
have a higher risk than men of developing HF (10). Analysis of the Studies of Left Ven-
tricular Dysfunction (SOLVD) database, for example, found a similar prevalence of
hypertension among both genders of HF patients, but a higher population attributable
risk for women than for men (55% vs 39%; 10).

CAD and its resultant effects on myocardial tissue—ischemia and infarction—are
also important risk factors for HF. CAD is less often identified in women with HF than
in men with HF (22). Although more men than women have CAD (and, thereby,
myocardial infarction [MI]), women may be more likely to develop HF in the post-MI
period. As an example, in the 1980s, Kimmelstiel and Goldberg examined data from
the Worcester Heart Attack Study (WHAS) database of patients with acute MI and/or
out-of-hospital cardiac arrest and noted a significantly higher risk of MI-associated HF
for women than for men (Fig. 4; 11). This finding was preserved even after controlling
for potentially confounding factors (e.g., CAD, diabetes, and MI location), indicating
that the female sex was independently related to the development of infarct-associated
HF. This increased risk of post-MI HF development in women has also been reported
by others (12,13).

Diabetics are at risk for HF because of the common association of diabetes with
CAD, hypertension, and obesity. Additionally, a cardiomyopathy more directly related
to the perturbed metabolism of diabetes mellitus (DM) patients has been identified
(3,5). Large clinical trials have found that more female than male patients with HF
have concomitant diabetes (12). As an example, in the SOLVD trial, Schindler et al.
reported that women made up 33% of the diabetic HF population, but only 26% of the
entire HF population (12). Additionally, the Framingham Heart Study showed a
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Fig. 4. Age-specific incidence rates of heart failure (HF) in the Worcester Heart Attack Study, show-
ing that at all ages examined women had higher myocardial infarction-associated incidence rates of
HF than did men. (Adapted from ref. 11.)



higher prevalence of DM in women with HF when compared with similarly affected
men (26% vs 14%; 13). Furthermore, the HF risk among diabetics is higher than that
for nondiabetics, and the risk among female diabetics is more than double that of dia-
betic men even after the adjustment for comorbidities, such as age, hypertension, and
CAD (13).

Obesity has also been shown to be an independent predictor of HF risk (3,14). Data
from the Framingham study suggest that the risk of HF from being overweight may be
even more important in women than in men (men RR = 1.3, women RR = 1.7, p < 0.05;
3). Recent continued analysis by Kenchaiah et al., however, showed a graded increase
in the risk of HF across categories of body mass index (BMI; normal vs overweight vs
obese), with similar intercategory hazard ratios for both genders (1.46 for women, 1.37
for men) (14). In this study, 11% of HF cases among men and 14% of cases among
women were attributable to obesity alone.

Analysis of Framingham data also has shown cigarette smoking to increase HF inci-
dence among women (RR = 1.3), but not among men (15). Although smoking has been
more prevalent among men than among women in the past (42% of men, 24% of
women; 16), recent trends show an increase in smoking among women (17), which
may contribute to an increasing HF incidence among women in the future.

Peripartum cardiomyopathy results in HF in previously healthy women during the
peripartum period. It is severe, with a reported mortality rate of 18–56%, but merci-
fully rare (1/3000–4000 live births; 18). By definition, this form of HF develops
within the last month of pregnancy or within 5 months after delivery. Risk factors
include multiparity, advanced maternal age, multifetal pregnancy, gestational hyper-
tension/preeclampsia, and African-American race. The etiology of peripartum car-
diomyopathy is unclear, but several possible causes have been suggested (e.g.,
myocarditis, autoimmunity, maladaptive response to pregnancy’s physical stress, and
cytokine cascades; 18). This cardiomyopathy resolves over roughly 6 weeks in
approximately half of cases, but patients with prolonged cardiac dysfunction can have
dire outcomes. In one series, for example, 7 of 14 patients had a complete recovery
within 6 weeks, and 6 of the remaining 7 patients died (19). The recurrence risk in
subsequent pregnancies remains controversial, but expert consensus suggests that any
gestation that follows an episode of resolved peripartum cardiomyopathy should be
managed in a high-risk perinatal center (18).

As in most syndromes, there are some HF patients for whom no etiology is identi-
fied. Among these idiopathic cases, there is a male predominance that ranges from
61% to 92% (23). The reason for excess male representation among this subpopula-
tion of HF patients is not clear. One hypothesis is that perhaps men are more likely to
have covert alcoholism (which predisposes to HF) and/or asymptomatic CAD (4).

There are gender-specific differences in the profile of LV dysfunction that results
in HF. Population-based studies have shown that although men more often have sys-
tolic dysfunction (with ventricular dilatation) as the underlying pathophysiology dri-
ving their symptoms, women more often have a preserved ejection fraction (EF) with
a nondilated ventricle and thus presumed diastolic dysfunction. For example, in their
review of echocardiograms from a cohort of 73 patients with HF in the Framingham
Heart Study, Vasan et al. showed that HF with a normal EF is more common in
women than in men (Fig. 5), a finding also reported by others (20,21).
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Morbidity and Mortality
Women with HF tend to have a poorer quality of life and also tend to experience

more symptoms than their male counterparts. The SOLVD investigators found that
women report more exertional shortness of breath than men, and experience a higher
New York Heart Association (NYHA) class of symptoms (22). These women also
tended to have edema more frequently than men with HF (22% in women, 15% in
men), and those with idiopathic dilated cardiomyopathy have been shown to have
lower exercise tolerance than men (23).

Patterns in HF hospitalization rates parallel the trends in prevalence previously spec-
ified. Whereas some (but not all) studies report a higher admission rate for HF for men
per patient, there is a higher absolute number of hospitalizations among women than
among men (4,24,25). Most of the difference in absolute hospitalization numbers likely
is a result of the fact that there are more older women than men in most parts of the
developed world, and HF prevalence increases with age.

Although women with HF tend to be more symptomatic than male HF patients,
longitudinal studies of the natural history of HF have revealed longer survival for
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Fig. 5. The distribution of left ventricular ejection fraction (LVEF) values among men and women
with heart failure, showing higher EF among women than men. Of men, 67.5% (27/40) had a reduced
EF, compared to only 27% (9/33) of women. (Adapted from ref. 20, Copyright 1999, with permission
from American College of Cardiology Foundation.)



women than men (Fig. 6; 26). In the Framingham Heart Study, median survival after
diagnosis of HF was 1.7 years among men and 3.2 years among women. Further
observation revealed consistently higher survival among women at 1, 2, 5, and 10
years after diagnosis (26). Later, the NHANES trial corroborated the Framingham
finding of prolonged survival in women, estimating a 10-year mortality of clinical HF
at 54% in men and 24% in women (at 15 years, mortality rates were 79% and 51%,
respectively; 27). In an analysis of the population with severe HF from the Flolan
International Randomized Survival Trial (FIRST; a randomized trial of epoprostenol
as a novel treatment for HF), Adams et al. reported that female gender is an indepen-
dent predictor of survival by calculating for men an adjusted RR of 2.18 for death
from advanced HF (Fig. 7; 28). Subgroup analysis further suggested that women’s
mortality advantage is strongest among patients with a nonischemic cause of HF (RR
= 3.08, p = 0.001). A similar survival advantage among women with HF was seen in
the Cardiac Insufficiency Bisoprolol Study (CIBIS II; 28a). In that study, there was a
36% reduction in all-cause mortality in women when compared to men (hazard ratio
0.64, 95% CI 0.47–0.86, p = 0.003), as well as significant cardiovascular reductions
and pump failure deaths.

In addition to the previous evidence regarding the survival advantage for women with
HF from therapeutic clinical trials (which consist of selected populations), a recent large
community database has demonstrated similar findings. In a population-based study of
38,702 consecutive patients with first-time admissions for HF in Ontario, Canada,
women were found to have a more favorable 1-year survival (odds ratio [OR] = 0.84,
95% confidence interval [CI] 0.80–0.88, p < 0.001), independent of many other factors
in a multivariate model. Interactions existed with other factors, in that this survival
advantage diminished with increasing age and number of comorbidities.
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Fig. 6. Survival after heart failure diagnosis for men and women by age, showing a survival advan-
tage for women. CHF, congestive heart failure. (Adapted from ref. 26.)



This study repeatedly demonstrated survival advantage among women is even more
impressive upon recognition that women are, on average, significantly older at the time
of HF diagnosis (72 vs 68 years; 26).

CARDIOVASCULAR PHYSIOLOGICAL DIFFERENCES 
BETWEEN GENDERS

The understanding of gender-specific differences in HF epidemiology parallels the
understanding of the physiological basis of HF. Gender disparities in physical size,
hormonal balance, blood pressure response to loading and exercise, ventricular
remodeling trends, and electrophysiology may each have an effect on the natural his-
tory of HF.

Physical Size
One difference between men and women is their dissimilarity in average physical

size; the discrepancy in heart size is even larger. Adult women have smaller hearts than
men, even when corrected for total body mass (29). The difference in heart size is
much smaller (~6%) before puberty than in postpubescent subjects (25–38%; 30).
These observations are consistent with the testosterone-induced cardiac weight
increase that has been seen in animal models (31). Women also have smaller coronary
arteries than men, even after correction for heart size (32).

Although young adult women have smaller hearts than age-matched men, the aging
process has a more detrimental effect on men’s hearts. With aging, women’s hearts tend
to have preserved myocardial structure and mass. In contrast, men lose nearly 1 g of
myocardium per year, and the remaining cells tend to hypertrophy. In their morphome-
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Fig. 7. Unadjusted survival curves for male vs female heart failure patients, revealing a strong trend
toward a survival advantage for women vs men (p = 0.074) among 430 study patients. (Adapted from
ref. 28.)



tric analysis of the number and size of myocytes in the hearts of 53 women and 53
men, Olivetti et al. showed that myocardial mass decreased by an average of 0.94
g/year in men (Fig. 8), whereas LV myocyte cell diameter increased by an average of
78 nm/year (Fig. 9; 33). In contrast, with aging in women, there was preserved ventric-
ular mass and myocyte morphology, which suggest that gender accounts (at least in
part) for differences in the spectrum of cardiac diseases suffered by men and women,
as well as for the clinical expression of disease.

Response to Exercise
The heart is able to achieve dramatic changes in output in response to exercise.

However, men and women accomplish this dynamic adjustment through distinct physi-
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Fig. 8. The effect of aging on myocardial weight by gender. Myocardial weight is preserved with age
in women, whereas men suffer a loss of nearly 1 g of myocardium per year. (Used with permission
from ref. 33, Copyright 1995, with permission from American College of Cardiology Foundation.)



ological responses. As depicted in Figs. 10 and 11, Higginbotham et al. reported that
when stressed by exercise, men increase stroke volume and cardiac output predomi-
nantly by decreasing end-systolic volume. In contrast, healthy women in that study
increased stroke volume by increasing their end-diastolic LV volume with little change
in end-systolic volume (i.e., by using preload reserve; 34). This difference may help to
explain possible differential pharmacological responses between genders (see Pharma-
cological Response section).

Hormonal Milieu
Sex steroid hormones have been linked to differences in myocardial architecture

along with biochemical and mechanical function (35,36). Both estrogen and testos-
terone, for example, have each been shown in a variety of experiments to augment
cardiac size and performance in both animals and humans (8,37,38). There also is
substantial evidence to support the existence of estrogens’ (and estrogen receptor
[ER] regulated genes’) impact on each of the key pathophysiological processes that
influence HF progression. Although the effects of estrogen on the myocardium in MI
and HF are not completely understood, myocardial expression of the functional ERs,
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Fig. 9. The effects of aging on myocyte diameter by gender. With aging, the myocytes of women
remain approximately the same diameter, whereas men’s myocytes tend to hypertrophy. (Used with
permission from ref. 33, Copyright 1995, with permission from American College of Cardiology
Foundation.)
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Fig. 10. Ejection fraction (EF) response during exercise in which the workload was increased every 3
minutes, showing a steady increase in EF for men with a flat response (i.e., little change) in women.
(Adapted from ref. 34.)

Fig. 11. End-diastolic volume (EDV) responses to progressive exercise (as in Fig. 10) by gender,
showing an increase in end-diastolic counts (EDVexercise/EDVrest) with exercise in women but not in
men. (Adapted from ref. 34.)



ER-α and ER-β, implies a role for direct estrogen effects on the heart. One such
effect is estrogen-induced inhibition of cardiac myocyte apoptosis seen in the in vitro
rat myocyte model of Pelzer et al. (39,40). Additional evidence is outlined in the fol-
lowing section.

Neurohormonal Activation and Vascular Loading
Neurohormonal activation and altered autonomic reflexes are important components

of HF pathophysiology. Reduced ventricular function is associated with the chronic
activation of adrenergic nervous and renin-angiotensin (RA) systems, as well as
increased secretion of vasopressin, natriuretic factors, cytokines, and endothelin (41).
In addition to their influence on systemic hemodynamics and the handling of sodium
and water, activation of these systems on a local tissue level mediates myocardial and
vascular responses to HF.

There are several mechanisms by which stimulation of ERs may moderate the
unfavorable effects of angiotensin II on the myocardium and vasculature. Animal data
show that estrogen leads to the downregulation of angiotensin II receptor expression
in ovarectomized rats (42). In humans, estrogen replacement therapy results in dimin-
ished renin and angiotensin-converting enzyme (ACE) activity (43,44). These effects
may then be associated with a reduction in the RA system’s hypertensive effect, as
well as the attenuation of angiotensin’s direct drive toward myocyte apoptosis (45).

Gender differences in autonomic tone may be regulated in part by ERs and their tar-
get genes. Studies have used muscle sympathetic nerve activity (MSNA) analysis and
heart rate variability (HRV) to demonstrate that women have significantly lower
MSNA (46) and greater parasympathetic modulation of heart rate when compared to
men (47). Further trials revealed that hormone replacement therapy (HRT) favorably
increases HRV in postmenopausal women (48). These clinical observations suggest
that estrogen has an important influence on autonomic reflexes.

Estrogen has vasodilator properties in vivo (49). It has been shown to diminish the
release of the potent endogenous vasoconstrictor endothelin, and to increase produc-
tion of the vasodilator nitric oxide (50,51). Indeed, such changes have been seen in
postmenopausal women following the initiation of HRT (52). As an example, Best et
al. found that following treatment with 17β-estradiol for 6 months and a 10-day course
of methoxyprogesterone every 3 months, the mean nitric oxide level increased from
27.5 to 34.7 nmol/mL (p = 0.04), whereas endothelin-1 levels decreased from 16.4 to
12.5 pg/mL (52). Such effects are expected to result in enhanced endothelial relaxation.
Improved levels of these important vasoactive substances also are expected to have a
favorable effect on LV dysfunction through afterload reduction and diminution of the
mechanical and neurohormonal drives to remodel. Direct cardioprotective effects may
also result from the reduction of endothelin’s untoward effects on collagen regulation
(53), perhaps accounting for the decreased myocardial fibrosis in females with HF (see
following section).

Ventricular Remodeling
The myocardial response to a sustained pressure load (via systemic hypertension or

aortic stenosis) includes LV hypertrophy (LVH) and remodeling. Distinct differences in
this response have been observed between genders. For example, among elderly
patients with aortic stenosis, men were found to have considerably greater increases in
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LV wall mass, cavity dilatation, and reduced systolic function, whereas women mani-
fested greater increases in wall thickness, leading to concentric LVH with less EF
reduction (54). In an analogous rat model using aortic banding, Douglas et al. reported
that gender influenced the early response to pressure overload (55). Although LV
remodeling, LVH extent, and LV function were similar in male and female rats at 6
weeks postbanding, more male rats showed an early transition to HF, accompanied by
greater cavity dilation, more eccentric remodeling, and greater wall stress elevation
with more diastolic dysfunction. In a subsequent report from the same investigative
group, Weinberg et al. (56) reported that at 6 weeks post-aortic banding, female rats
had more preservation of contractile reserve and a more favorable molecular remodel-
ing profile, including preservation of the sarcoplasmic reticulum Ca2+-ATPase mRNA
levels in female rats. ER transcript was detected in cardiac myocytes and LV tissue in
both genders. The investigators concluded that estrogen signaling may contribute to the
gender differences observed in the pressure overload response.

Animal models have improved our understanding of possible gender-based hormonal
effects on myocardial histology in hypertensive pressure overload. The average diame-
ter of myocytes in spontaneously hypertensive rats (SHRs) is significantly smaller in
females than in males, and significantly less myocardial fibrosis is observed in female
SHRs than in males (55). In a cardiac remodeling model using volume-overloaded rats,
Gardner et al. found that there was less overt HF in female rats when compared to male
rats, survival was improved, and cardiac volume and compliance increased more promi-
nently (58).

Remodeling is a major pathophysiological mechanism of long-term morbidity and
mortality following MI (59). Post-MI remodeling includes increased cardiac myocyte
length, myocardial fibroblast proliferation, and collagen deposition (60). Macroscopi-
cally, often there is progressive LV dilatation, loss of normal chamber eccentricity, and
increased myocardial mass. These changes are associated with progressive reduction in
systolic EF, and this process continues to progress long after the original injury. Inter-
estingly, recent studies have shown that these post-MI changes occur to different
degrees between genders.

Several investigations suggest that gender (and thus perhaps ER-mediated phenom-
ena) influences the course of LV remodeling following MI (61). For example, data sug-
gest that men tend to have a greater degree of remodeling than women late after MI
(Fig. 12; 62). For example, in an analysis of a subpopulation of the SOLVD trial, there
was an interaction between gender and the rate of end-diastolic volume (EDV) change
over time. Men increased EDV more than women, and thus the enalapril effect on
attenuation of remodeling was predominantly seen in men (62). This difference may
partly explain the potential differential gender-specific benefit of ACE inhibition post-
MI (see the Pharmacological Response section).

Arrhythmia
There are gender-specific differences in cardiac electrophysiology—both with and

without HF. For example, women tend to have a longer rate-corrected QT interval
(QTc) more than men, caused by in large part to differences in repolarizing potassium
current densities (63,64). The higher prevalence of abnormal ventricular repolariza-
tion places women at greater risk for torsade de pointes following treatment with the
antiarrhythmic agents quinidine and sotalol, certain antibiotics, and antihistamines.
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The long QTc syndrome is also associated with increased mortality in post-MI
patients (65,66).

Certain arrhythmias tend to affect HF patients differently than others. In the general
population, atrial fibrillation (AF) incidence is significantly higher in men than in
women (RR = 1.5), but in the HF population, this difference is much less pronounced
(calculated RR = 1.1; 67). The morbidity and mortality associated with AF—in stroke,
serious symptomatology, and decreased exercise tolerance—tends to be worse for
women than for men (65). This difference may have implications in the presence of HF,
because these patients rely heavily on atrial contraction to support stroke volume.

GENDER-RELATED DIFFERENCES IN HF MANAGEMENT

Differences in Treatment Patterns
In recent years, some large trials have shown that women with HF tend to receive

less appropriate medical therapy than do similarly affected men. One of the most con-
cerning aspects of these data is that in some analyses, women received ACE inhibitors
less often than men. In one analysis, for instance, women with HF were treated with
ACE inhibitors 50% of the time, whereas the rate of such treatment in men was 56%
(Table 1; 69). In this study, treatment with ACE inhibitors showed a better risk reduc-
tion (RR ≅ 0.5) than any other medical therapy studied, suggesting that the lower uti-
lization of ACE inhibitors in women may have been directly associated with more
unfavorable outcomes (Fig. 13). However, it should be noted that not all such analyses
support a gender-based bias in therapy. As an example, a study by Vaccarino et al. of
2445 elderly patients showed no gender-based difference in medical treatment of HF
patients admitted to Connecticut hospitals (70).
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Fig. 12. Influence of gender on change in left ventricular end-diastolic volume (LVEDV) index
(mL/m2) in placebo-treated patients with LV systolic dysfunction (EF ≤ 35%) in the SOLVD trial.
There was a significant difference in the rate of change in LVEDV index over 1 year (p < 0.05), with
men demonstrating an increase in LVEDV index when compared to a trend toward a slight decrease
in women. (Adapted from data used in ref. 62.)



The reason for the possible underuse of ACE inhibition in women is unclear; perhaps
physicians recognize women to be at greater risk for adverse side effects, although this
would seem to be an extreme avoidance of proven therapy. More investigation is needed
in order to determine the causes of sex differences in prescription patterns.

Evaluation and Referral Patterns
It has been suggested that women are referred for intensive and/or invasive evalua-

tion of heart disease less often than men are (17,71). This concerning trend includes a
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Table 1
Percentage of Patients with CHF Treated with Various Medications

Medication Men Women

Diuretics 83% 82%
ACE inhibitorsa 56 50
Nitratesa 51 47
Digoxin 47 44
ASAa 39 32
Calcium-channel blockers 20 21
Warfarin 19 16
Beta-blockers 15 14

N: male = 2381, female = 2225.
a p < 0.01. (Adapted from ref. 69.)

Fig. 13. Analysis of demographic and clinical variables relative to in-hospital mortality risk in 2381
men and 2225 women with heart failure from eight hospitals during 1992–1993. ≥70 = age greater
than 70 years; Dig, digoxin; ASA, aspirin; BB, beta-blocker; Warf, warfarin; ACEi, ACE inhibitor.
(Adapted from ref. 69.)



tendency against women’s evaluation and referral for HF. For example, studies have
shown that women are more likely to be treated in the community by their general
practitioners rather than to be referred for hospital evaluation (4,72). Even when
women are admitted to hospitals for evaluation, they may be managed less frequently
by cardiology specialists than men are (18.3% vs 23.1%) and may undergo invasive pro-
cedures less often (72). For example, in one review of 45,894 HF patients, women
underwent significantly less coronary revascularizations, cardiac surgery, electrophysi-
ology testing, and pacemaker implantations (Table 2; 72). However, Vaccarino et al.
analyzed a similar (although smaller) population and showed no significant difference
in gender-based utilization patterns for cardiac catheterization or revascularization (70).
It is unclear whether these possible differences in procedure utilization reflect true bio-
logical differences, physician bias, or patient preference. It is also unclear whether dif-
ferential practice patterns have significant effects on morbidity and mortality.

Utilization of Heart Transplant and Associated Outcomes
When pharmacological HF treatment options fail, heart transplantation is sometimes

a viable option. However, as with other parameters of HF diagnosis and treatment,
there is a gender-based discrepancy of transplant rates: only 20% of patients undergo-
ing transplantation are female (4,73). This can be partly explained by the fact that men
tend to present with HF earlier in life and may have more rapid disease progression.
Furthermore, as noted previously, physicians seem to act less aggressively in the evalu-
ation and HF treatment in women. But in 1994, Aaronson et al. investigated the reasons
for the divergence in transplant rates and showed that female transplant candidates
were more likely than men to refuse transplant as a treatment option (29% vs 9%, p <
0.001; 73). The reasons for refusal are unclear, but Aaronson et al. speculate that soci-
etally enforced sex roles have a strong influence. Additionally women may be more
accepting of reduced exercise tolerance, less tolerant of the transplant risks, or more
likely to accept “fate.”

Another factor leading to lower rates of transplantation in women may be differen-
tial outcome posttransplant. Women suffer more episodes of allograft rejection (74). In
addition, the Society of Heart and Lung Transplantation has reported that women who
receive heart transplants have a 17% higher 1-year mortality than transplanted men
(RR = 1.17, p = 0.026; 75).
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Table 2
Care Processes for 45,894 Patients With Congestive Heart Failure, Stratified by Gender

Care process Women (n = 25,915) Men (n = 19,979)

Cardiac specialist care 18.3% 23.1%
Cardiac catheterization 3.5% 4.8%
Revascularization (any) 0.3% 0.4%
Heart transplantation 0.02% 0.09%
Any cardiac surgery 0.4.% 0.5%
Electrophysiology testing 0.2% 0.4%
Permanent pacemarker placement 1.0% 1.3%

p < 0.05 for all comparisons between men and women. (Adapted from ref. 72, Copyright 1998, with
permission from American College of Cardiology Foundation.)



DIFFERENTIAL PHARMACOLOGICAL RESPONSE

Therapy for HF is detailed comprehensively elsewhere (5). As a result of the many
gender-specific differences in cardiovascular physiology detailed previously, the
response to pharmacological treatment may differ between men and women (76). Fur-
thermore, there are differences in drug metabolism and side-effect profiles.

Pharmacological Differences
Currently, no gender-based difference in HF treatment is recommended by profes-

sional society guidelines based on evidence from clinical trials (5). However, as HF
treatment regimens continue to evolve, so does the understanding of potential gender-
specific differences in response to such treatment. Clinicians presently tailor therapy
based on comorbid conditions, as well as the severity and/or type (systolic, diastolic, or
mixed) of LV dysfunction; in the near future, studies may show that outcomes are
favorably affected by customizing treatment based on gender and/or pharmacogenomic
parameters.

ACE INHIBITORS/ANGIOTENSIN-RECEPTOR BLOCKERS (ARBS)
Blockade of the RA-aldosterone axis by ACE inhibitors has been shown to reduce

HF morbidity and mortality (77). HF treatment patients with ACE inhibitors results in
modulation of the effects of the RA-aldosterone system, which may cause slowing or
reversal of LV dilatation and remodeling (78).

Although ACE inhibitors are now a mainstay in HF treatment for both genders, sev-
eral studies have suggested smaller benefit in women than in men. In a subgroup analy-
sis of the Cooperative North Scandinavian Enalapril Survival Study (CONSENSUS)
trial, for example, there was a trend toward mortality benefit for men only (RR = 0.49
for men, 0.94 for women) (4,11,79). Similarly, examination of the Survival and Ven-
tricular Enlargement (SAVE) trial of the use of captopril in post-MI patients with LV
dysfunction showed a smaller morbidity and mortality reduction in women than in men
(80), as was also seen in the SOLVD trial (81). As is the case for most cardiovascular
trials, the subject populations in these studies consisted mostly of men, which reduces
the power of data analyses pertaining to the isolated female population within the indi-
vidual trials.

However, once the trials of ACE inhibitor use in HF were pooled via meta-analysis,
a similar degree of benefit was found for both women and men. In their examination of
pooled data, Garg and Yusuf showed that ACE inhibition yielded an odds ratio for mor-
tality of 0.76 (0.65–0.88) for the 5399 men represented in the studies and 0.79
(0.59–1.06) among the 1587 women (77). It seems likely that ACE inhibition is useful
in both genders.

Beneficial effects of ACE inhibition are likely mediated through modulation of fac-
tors other than angiotensin suppression (5). For this reason, ARBs are second-line
agents usually reserved for those patients intolerant of ACE inhibition. The Evaluation
of Losartan in the Elderly (ELITE) trial compared treatment with the ARB, losartan, to
the ACE inhibitor, captopril, and showed a statistically significant mortality reduction
that favors losartan, even though mortality was not a prespecified primary endpoint
(82). However, further evaluation in the ELITE II trial revealed that losartan was not, in
fact, superior to captopril regarding mortality (83). In this study, the reported hazard
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ratio for captopril in comparison to losartan was similar for both genders (women 1.12,
men RR = 1.14, p = NS for both).

BETA-ADRENERGIC BLOCKERS

As noted previously, sustained activation of the sympathetic nervous system in HF
results in the down-regulation of cardiac β1 receptors, chronic blunting of the cardiac
response to exercise and other forms of adrenergic demand, and an increase in morbid-
ity and mortality related to the degree of activation of adrenergic activity (84,85). Beta-
blockers are now a key therapy for HF in both genders because these drugs improve
both morbidity and mortality among a wide range of functional classes (85).

To date, all major trials examining beta-blockers have involved predominantly men
as subjects, leading to low power in regard to reaching gender-specific conclusions
(Table 3). Although it is now well-established that adrenergic blockade improves out-
come for HF patients with varying degrees of symptoms and LV dysfunction, several
large studies’ subgroup analyses have failed to show a statistically significant mortality
benefit for women (86–88). In the MERIT-HF trial, for example, beta blockade in
women showed no clear mortality benefit, whereas most other major groups did benefit
significantly (87). However, a recent pooled analysis of the three major mortality trials
of beta blockade in HF (Cardiac Insufficiency Bisoprolol Study II [CIBIS II], MERIT-
HF, and COPERNICUS) showed that combining these data revealed a very similar sur-
vival benefit for men and women (Fig. 14; 89). This suggests that the underpowering of
gender-specific outcome analysis remains important, even in relatively large HF trials.

DIURETICS

Gender-based differential response to diuretic therapy has not been reported.
Because of the longer average QTc in women, however, one could hypothesize that
diuretic-induced hypokalemia leads to more arrhythmias in women than in men (76).
Potassium levels should therefore be monitored closely. The addition of potassium-
sparing diuretics (e.g., spironolactone) may be of particular benefit in this regard.

ANTICOAGULATION

One adverse HF consequence is its associated increased risk for thromboembolic
events, which stems primarily from HF patients’ sluggish flow in poorly contracting
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Table 3
Percentage of Females in Large Mortality

Trials of Beta-Blockers in HF

Trial % Women

MDC, 1993 27.5%
MERIT-HF, 1999 22.0%
CIBIS I, 1994 27.0%
CIBIS II, 1999 20.0%
US Carvedilol, 1996 23.4%
COPERNICUS, 2001 20.5%
BEST, 2001 22.0%

Adpated from ref. 85.



ventricles. The resultant hypodynamic state results in deep venous thrombi, pulmonary
embolism, and arterial embolic phenomena, including stroke (90,91). HF patients’ lim-
ited physical activity also predisposes to peripheral thrombi formation. Often seen in
HF patients, AF is an independent risk factor for thrombotic events that compounds
these patients’ risk. Additionally, some HF patients manifest a hypercoagulable state,
further predisposing to thrombus formation (92).

The annual incidence of thromboembolic events in HF patients has been estimated by
large studies at 0.9–5.5% (90). Dries et al. analyzed the SOLVD registry and showed that
women with HF were at even higher risk for thrombotic events than were similarly
afflicted men (2.4% vs 1.8%; 90). Interestingly, in this study, an EF decline was associ-
ated with higher risk in women but not in men (Table 4). Most of this increased risk was
the result of a higher incidence of pulmonary embolism (PE) in women (rather than stroke
or peripheral embolism), but even when PE was excluded from the analysis, the associa-
tion between females’ reduced EF and increased risk for thromboembolic events persisted
(90). The cause of this difference is unknown, but these data suggest that there may be
physiological gender differences in thromboembolism formation in patients with LV sys-
tolic dysfunction. Based on women’s possible increased risk of thromboembolic events,
the use of antithrombotic therapy should be carefully considered.

Some available evidence supports the use of warfarin as routine prophylaxis of
thrombosis in patients with HF (91). Analysis of the SOLVD registry of 6797 patients
with LV systolic dysfunction, for example, showed a significant reduction in mortality
(HR = 0.76) that was independent of potentially confounding factors like gender (93).
It is unknown whether this benefit would be observed in patients with preserved EF but
with diastolic dysfunction.
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in major heart failure/beta-blocker trials. Note that although the individual studies were sometimes
unable to show statistically significant benefit for females, analysis of pooled data revealed a signifi-
cant benefit that was approximately equal to that for men. (From ref. 89.)



HORMONE THERAPY

There is mixed evidence regarding HRT’s effects on HF prognosis. One retrospec-
tive analysis has shown a benefit from estrogen replacement therapy on patients with
HF, but results of other trials of HRT’s effects on cardiovascular survival have been
equivocal—some show a benefit, but others do not (94,95). As shown in Fig. 15, in a
retrospective cohort analysis of a randomized trial of vesnarinone by Reis et al.,
women with symptomatic HF using unopposed estrogen had a significant survival ben-
efit when compared to hormone nonusers (RR = 0.68, CI 0.48–0.96, p = 0.03; 49). It
should be noted that in this analysis, those patients who were treated with both estro-
gen and progesterone had survival that was intermediate between users of unopposed
estrogen and hormone nonusers. In this study, the estrogen-induced mortality benefit
persisted on subgroup analysis by HF etiology: patients with both ischemic and nonis-
chemic cardiomyopathy had lower mortality if treated with estrogen (18.6% vs 29.7%
and 12.8% vs 24.5%, respectively). These results suggest that in older women with HF,
estrogen use may be associated with lower mortality.

Other data do not support a favorable effect of HRT on morbidity in more general
populations of women with cardiovascular disease. As an example, reports of contin-
ued surveillance of 2321 members of the Heart and Estrogen/Progestin Replacement
Study (HERS) cohort concluded that hormone therapy did not reduce hospitalization
for congestive heart failure (RR = 1.06, p = 0.79; 96), and in this study, HRT showed an
unfavorable effect on the incidences of venous thromboembolism (RR = 2.08, p =
0.003), biliary disease (RR = 1.48, p = 0.005) and other noncardiovascular disease
(97). HRT’s potential adverse effect on cancer risk, the extent of which remains a topic
of intense research, must also be taken into account when deciding whether to pre-
scribe estrogen and/or progestin replacement.

As of mid-2003, ongoing research was examining ways in which manipulation of
estrogen’s effects on the development and progression of HF could be used to improve
outcomes. Because of HRT’s possibly unfavorable effects on morbidity from cardio-
vascular and noncardiovascular disease listed previously, clinical trials are examining
the effects of selective estrogen receptor modulators (SERMs) on various cardiovascu-
lar outcomes. Members of this pharmaceutical class take advantage of polymorphisms
among various tissues’ ERs, and are thus estrogenic in some tissues and antiestrogenic
in others. Research is currently investigating the impact of ER modulation on ventricu-

84 Coronary Disease in Women

Table 4
Incidence and Crude Relative Risk (RR) of Thromboembolic Events According 

to Gender and Ejection Fraction (EF)

Men (n = 5457) Women (n = 921)

EF Incidence RR (95% CI) Incidence RR (95% CI)

≥30% 1.70 1.00 1.78 1.00
21–30% 1.83 1.08 (0.83–1.41) 2.41 1.35 (0.74–2.47)
11–20% 2.01 1.21 (0.86–1.70) 3.80 2.17 (1.10–4.30)
≤10% 1.96 1.21 (0.30–4.92) 4.20 2.43 (0.32–18.26)

CI, confidence interval. (Adapted from ref. 90, Copyright 1997, with permission from American Col-
lege of Cardiology Foundation.)



lar remodeling and endothelial function. Given the presence of functionally relevant
ERs on myocytes, cardiac fibroblasts and vascular tissue as well as the potential neuro-
hormonal effects already noted, it may be hypothesized that selective ER modulation
may have favorable effects on the remodeling process, on ameliorating endothelial dys-
function and on neorohormonal activation. If so, this suggests a potentially favorable
effect on the HF course in women and perhaps even in men. Laboratory benchwork is
examining the effects of SERMs on myocytes, myocardial fibroblasts, and the vascular
wall. As examples of ongoing clinical research, further subset analysis of the Multiple
Outcomes of Raloxifene Evaluation (MORE; 98) Registry may provide some insight,
and the Raloxifene Use for the Heart (RUTH) trial is an ongoing investigation designed
to determine the cardiovascular effects of ER modulation in women at risk for cardio-
vascular disease (99). One or more SERMs may be shown in these trials to cause estro-
gen’s beneficial effects on cardiovascular prevention and/or treatment, while avoiding
the potentially harmful side effects of conventional HRT.

Drug Metabolism
Gender-based differences in drug efficacy may in part (and perhaps in large part)

result from differences in pharmacokinetics and pharmacodynamics. These differences
arise from the gender disparities in physical size, percentage of adipose tissue, and bio-
chemical makeup. As in all drug therapies, gender-based differences in cardiovascular
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benefit among estrogen users; p = 0.004. Dotted line: estrogen users; Solid line: non-estrogen users.
(Reprinted from ref. 49, Copyright 2000, with permission from American College of Cardiology
Foundation.)



pharmakokinetics lie in the absorption, metabolism, and excretion of drugs. Not all of
these factors’ effects on cardiovascular therapy has been investigated completely, but
several studies have provided insight (100).

For example, aspirin absorption in women slows near the middle of the menstrual
cycle (100). Gender-related differences in hepatic cytochromes have been shown to be
responsible for decreased clearance of digoxin and flecainide (and for increased clearance
of other medications), whereas gender-specific differences in renal clearance have been
described for other drugs, including quinidine (100). In the Beta Blocker Heart Attack
Trial (BHAT), which examined use of beta-blockers following MI, steady-state propra-
nolol concentration was 80% higher in women than in men—again thought to be a result
of sex hormones’ effects on subsets of the cytochrome P450 system (100,101). Future
evaluations are required to define these differences more definitively and to suggest ther-
apeutic situations in which gender-specific alteration in treatment should be considered.

Differences in Side-Effect Profiles
Published data on the side-effect profiles of HF medications are not generally

reported in a format that allows any conclusions regarding gender-specificity, but some
interesting differences have been reported. For example, it has been suggested that
women’s smaller volume of distribution is associated with a higher rate of side effects
(100). With this in mind, some have advised that the dose of loop diuretics does be
adjusted for patient size, because the ototoxicity risk of these drugs is related to serum
concentration (102). It also has been noted that thiazide-induced hypokalemia is more
common among women than men (102).

Other differences in untoward reactions are independent of concentration. For
instance, ACE inhibitors have been shown to induce cough nearly twice as frequently
in women as in men (100). Kubota et al. used prescription-event monitoring to examine
side effects experienced by patients and found that women treated with ACE inhibitors
complained of cough 1.1–1.8 times as much as similarly treated men (103). These
authors also noted an excess (RR = 1.2–1.8) of reported adverse drug events (ADEs) in
women for a variety of cardiovascular and noncardiovascular drugs and for a variety of
ADEs (e.g., back pain, dizziness, headache, and nausea). In contrast, investigators in
the Randomized Aldactone Evaluation Study reported side effects of the potassium-
sparing diuretic spironolactone (e.g., gynecomastia or breast pain) in 10 times as many
men as women (104). As clinical trials are now required to include more significant
numbers of women, our understanding of gender-based side-effect profiles likely will
continue to expand.

CONCLUSION

As detailed in this chapter, HF in women differs significantly from that in men. In
women, HF is more often caused by hypertension, diabetes, obesity, and/or smoking,
while CAD and systolic dysfunction seem less prevalent than in men. Differences in
anatomy and physiology, including physical size, exercise response, and cardiac
remodeling in response to physical and neurohormonal burdens, are likely important
determinants of dissimilar course of disease between women and men. Although
women with HF are more symptomatic than men, a survival advantage for women has
been demonstrated consistently.
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Some aspects of HF therapy are similar between the genders, but others are not.
Women may undergo intensive evaluation for HF less frequently than men, and women
may receive optimal medical treatment less often. Despite the differences in epidemiol-
ogy, physiology, and outcomes previously summarized, currently there is a lack of
definitive evidence that shows an obvious outcome difference in response to major
medical HF therapies (e.g., ACE inhibitors and beta-blockers). One major surgical
therapy—heart transplant—may be underutilized among women with HF, perhaps
most importantly because of patients’ refusal to accept transplant as a therapeutic
option. Finally, there are likely gender-based differences in side-effect profiles and pos-
sible differences in the rate of HF complications, including thromboembolic events.

HF is a very common condition with an increasingly major impact on patients and
society as a whole. Our understanding of HF has increased dramatically in recent
years, and this syndrome remains a major topic of research. As more is learned about
HF, and as gender-specific data accumulate regarding its causes and treatments, hope-
fully we, will be able to offer our future patients better evidence-based treatments, a
better quality of life, and lower mortality.
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INTRODUCTION

Not surprisingly, approximately half of the nearly 5 million people in the United
States who have congestive heart failure (CHF) are women. Between 1985 and 1995,
the number of hospitalizations for patients with heart failure increased from 1.7 to 2.6
million, and more than half of these patients were women. More than 500,000 new
cases of CHF occur every year, and this disorder accounts for a major and ever-increas-
ing number of hospitalizations. The aging population plays a significant role in this
upswing. Improvements in survival, resulting from an array of new treatments, has
resulted in more patients living longer with (often) more extensive disease. Thus,
increasing the development of CHF in patients who previously would not have sur-
vived. Advances in the treatment of acute myocardial infarction, such as thrombolytic
therapy and urgent angioplasty, have allowed more patients to survive what may have
been a terminal event in the past. The aggressive use of hydroxymethylglutaryl coen-
zyme A (HMG-CoA) reductase inhibitors in patients with coronary artery disease
(CAD) and the treatment of lethal arrythmias with implantable defibrillators have also
contributed to the growing number of patients with symptomatic CHF and left ventric-
ular (LV) dysfunction.

But not all patients with CHF have reduced LV systolic function. A significant num-
ber suffer from a similar symptom complex, but with evidence of normal or preserved
systolic function. This condition has been termed diastolic heart failure or CHF with
diastolic dysfunction (DD). Patients with DD constitute a substantial portion of those
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requiring hospitalization and treatment for CHF. Moreover, the diagnosis of CHF with
normal systolic function carries with it significant increases in both morbidity and mor-
tality when compared to an aged-matched population without heart failure symptoms.
Accordingly, this chapter reviews current understanding of the prevalence, prognosis,
causes, and treatment of DD in women.

DEFINITION AND DIAGNOSIS

Standard cardiology textbooks define heart failure (HF) as “the pathophysiological
state in which the heart is unable to pump blood at a rate commensurate with the
requirements of the metabolizing tissues or can do so only from an elevated filling
pressure” (1). This definition emphasizes the clinical syndrome of CHF without spe-
cific reference to abnormalities of systolic or diastolic dysfunction. LV systolic func-
tion can be measured noninvasively with echocardiography, radionuclide techniques,
or magnetic resonance imaging, being typically called the ejection fraction (EF).
Contrast ventriculography can be performed invasively in the catheterization labora-
tory. Despite slight variations in LVEF assessment among the techniques used, a reduc-
tion in LV systolic function can be fairly easily identified and the definition can be
agreed on.

On the other hand, a precise definition of DD is more problematic, which has
prompted some authors to call for standardized diagnostic criteria (2,3). Diastolic func-
tion abnormalities are most accurately evaluated with simultaneous measurements of
LV pressure and volume via cardiac catheterization. (An abnormal result, suggesting
diastolic HF, would be elevated end-diastolic pressure in the setting of a normal LV
volume.) Because of the invasive nature of this type of assessment, noninvasive esti-
mates of LV diastolic function have been used as a surrogate. In particular, Doppler
echocardiography has been utilized to assess LV filling patterns and identify impair-
ment of LV relaxation (4–7). But for busy clinicians and the purposes of epidemiologi-
cal studies, DD has been assumed to be the cause of HF in patients with CHF
symptoms and normal or preserved LV systolic function as measured by a normal EF.
Because the current data on DD in women have primarily derived from such epidemio-
logical surveys, the following discussion assumes this latter definition (i.e., DD is pre-
sent in patients who have signs and symptoms of CHF and with evidence of preserved
LV systolic function).

EPIDEMIOLOGY

From the Framingham data, it is known that although the incidence of CHF is higher
in men than in women in every age group, the prevalence of the disease is the same (8).
CHF is a disease of the elderly, with up to 10% of the population over 65 years being
affected (9). The annual incidence of CHF in men from Framingham increased from 3
cases per 1000 in men aged 50–59 years to 27 cases per 1000 in men aged 80–89. In
women, the annual incidence increased from 2 cases per 1000 in those 50–59 years to
22 cases per 1000 in those in their eighth decade of life (8).

Estimates of the number of patients with CHF as a result of DD vary widely. The
percentage of patients with DD in any given study of CHF patients is influenced by
several variables. In an elderly patient population, a higher incidence of normal systolic
function is generally reported. Conversely, studies of patients presenting with acute,
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rather than chronic, CHF often report lower EFs. The criteria used for defining CHF
also affect the reported prevalence of CHF because of DD (10). Thus, it can be chal-
lenging, indeed, to accurately report the incidence and prevalence of DD in women
from the studies published to date.

Vasan et al. (11) reported on a series of 31 small uncontrolled studies of CHF
patients published from 1970 to 1995. In this series, the prevalence of normal LV func-
tion varied from 13 to 74%. The patient population studied clearly influenced the
prevalence of DD. Studies restricted to middle-aged patients with chronic CHF had a
prevalence of normal LV function of less than 15%, whereas elderly patients surveyed
had a significantly higher prevalence of normal LV function (41–45%). Of the 12 stud-
ies in this series that reported information regarding the clinical predictors of normal
systolic function in the presence of CHF, only 3 identified female gender as a predictor
of preserved systolic function.

Of the 216 patients in Olmsted County, Minnesota, who received a primary diagno-
sis of CHF in 1991, 63% had an assessment of LV systolic function by echocardiogra-
phy within 3 weeks of diagnosis. Of these patients, 43% had a LVEF equal to or greater
than 50% (12). Nearly half of the patients with preserved LV function were 80 years or
older, and 69% were women. This is in comparison with 41% women in the CHF
patient group with lower EF.

A CHF diagnosis in both the Framingham and Framingham offspring studies was
made with a scoring system based on signs and symptoms of CHF (13). Information
regarding LV function was not included as part of the data set. Inferences about differ-
ences between patients in the Framingham population with CHF and preserved LV
function, as well as those with reduced LV function are therefore impossible. However,
a nested case-control study from Framingham involving 73 patients and 146 control
subjects does provide insight into differences between patients with CHF and normal
vs abnormal LV function (14). Of these 73 patients, 40 were men and 33 were women,
with a mean age of 73 years. Of the 33 women, 24 (73%) had normal systolic function,
whereas only 13 of the 40 men (33.5%) had a preserved EF.

Another prospective study of elderly CHF patients used echocardiography to assess
LV function (15). In this elderly cohort, normal EF was found in 116 (47%) of 247
patients. However, in the patients with coronary disease, fewer (41%) had a normal EF.
Unfortunately, baseline characteristics were provided only for those patients with
CAD, not the entire cohort. The large majority of these elderly patients with CAD were
women, 142 (86%) of 166 patients. Interestingly, although elderly age was a predictor
of normal EF, female gender was not. The average age of the 68 patients with normal
EF was 84 years vs 81 years for the 98 patients with abnormal EF. Of the patients with
normal EF, 78% were women, and 64% of those with abnormal EF were women.
Although a higher percentage of the group with normal EF was female, this did not
reach statistical significance. Obviously, this study group included only patients with
CAD and already had a large majority of female patients. Thus, conclusions about
broader epidemiological principles regarding gender and DD are difficult.

Wong (16) studied a group of elderly patients presenting to a community hospital in
a single year. In this group, there was a significant association of normal systolic func-
tion with increasing age. Additionally, 82% of the patients with normal systolic func-
tion were women, whereas women represented only 38% of those patients with
decreased systolic function. Significantly fewer patients with preserved systolic func-
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tion had CAD, and atrial fibrillation (AF) was more common in the patients with nor-
mal systolic function.

Two studies from the same authors (17,18) assessed the clinical characteristics asso-
ciated with preserved systolic function (DD) and systolic dysfunction (low EF) in both
a university hospital and a community hospital. In both studies, female gender pre-
dicted the presence of preserved systolic function in patients with CHF. In the first
study, 75% of those with normal LV function were women; in the second, 71% were
women. Of the entire patient population, 31% men and 39% women, respectively, had
CHF and normal LV function.

Finally, data from both the Coronary Artery Surgery Study (CASS; 19) and the
Management to Improve Survival in Congestive Heart Failure Study (MISCHF; 20)
registries demonstrate the association of female gender and preserved LV function in
patients with CHF. In the CASS registry, 284 of 13,355 patients with normal LV func-
tion had CHF, 80% of whom were women. The CHF patients were also older and had
more comorbid conditions (e.g., diabetes, hypertension, and lung disease). In the MIS-
CHF registry, 312 of 1291 (24%) patients with CHF had an EF greater than or equal to
50%, the large majority (70%) were women.

Thus, although recent reviews (21,22), editorials (23), and published guidelines (24)
estimate the CHF incidence with preserved LV function to be present from 20% to 60%
of patients with CHF, the patient population under study is obviously of great impor-
tance in making this estimate. The older the patient population, the higher the inci-
dence of preserved LV function. Women constitute a significant majority of this elderly
population. It is quite clear that if only female patients with CHF are considered, a
large majority will be subsequently found to have normal LV function. CHF with DD
affects women disproportionately to men.

CAUSES OF DD

Table 1 lists the conditions commonly associated with DD. Chronic ischemic heart
disease and systemic hypertension commonly underlie DD, as can other conditions that
result in significant LV hypertrophy (LVH; 25). Studies have demonstrated that LV
diastolic function declines as a function of normal aging (26). Thus, elderly patients are
at higher risk for DD development, particularly if other conditions that further impair
diastolic function (e.g., hypertension or ischemia) are imposed on the normal aging
process. AF is common in patients with DD (15,16), and its development often results
in a worsening of CHF symptoms (27).

Whether or not women have a greater AF incidence in conjunction with DD is not
clearly defined. However, there is a dramatic gender difference regarding hypertension.
Data from Framingham have demonstrated that hypertension conferred the greatest
population attributable risk for CHF development of all the risk factors considered.
However, this risk was significantly greater for women than for men. A hypertensive
woman’s relative risk of developing CHF was 3.35 vs a relative risk of only 2.07 for a
man with hypertension (28). Although these data cannot be used to determine whether
or not hypertension carried a higher risk of DD development specifically, the currently
known prevalence of DD in women with CHF would argue that it does.

The role that gender plays in cardiac adaptation to the physiological stress of hyper-
tension may explain the differential risks for CHF development in women and men
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with hypertension. In an echocardiographic substudy from Framingham, 564 men and
797 women were evaluated (29). Isolated systolic hypertension was associated with
higher values of LV mass/height in both men and women. However, the prevalence of
LVH was higher in women. Women with hypertension had a 57% prevalence of LVH
when compared to a 17% prevalence seen in normotensive women.

The difference in prevalence for hypertensive vs normotensive men was 31 vs 12%.
The relative odds of developing LVH associated with hypertension was 2.58 in men
and 5.94 in women. Men with hypertension have been demonstrated to have a larger
LV internal dimension without increased LV wall thickness. Women had greater wall
thickness without increased LV size.

Other data support the hypothesis that women tend to develop increased LV wall
thickness more vigorously than men. Hypertensive hypertrophic cardiomyopathy of
the elderly, which is characterized by an increase in LV wall thickness and a small LV
cavity, has been observed more often in women (30). Also, women with calcific aortic
stenosis have been demonstrated to have supernormal LVEF and smaller thick-walled
left ventricles when compared to men (31).

There is also a difference in gender regarding patients with normal LV function and
CAD. In symptomatic patients with coronary disease, the prevalence of heart failure is
found to be significantly higher in women; there was no gender difference in LVEF
(32). As previously noted, in the CASS registry (19), women with preserved LV func-
tion were significantly more likely to present with symptoms of CHF than were men
with matched EFs.

In a series of consecutive patients with CAD who underwent coronary angiography
(33), women had a higher prevalence of CHF (13% vs 10%), despite the fact that the fre-
quency of three-vessel disease was lower in women in comparison to men. The women
were older (63 vs 60 years), and more women had hypertension and diabetes when com-
pared to men. Interestingly, the higher frequency of CHF symptoms in the women was
associated with significantly higher EF in women vs men (61% vs 56%). Also, more
women had normal EFs (79%) than did men (69%). Similarly, women had smaller LV
volumes whether or not CHF was present. Clearly, the pathophysiology underlying DD
demonstrates significant and important gender differences. Developing a better under-
standing of these differences will be crucial in any treatment approach.
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Table 1
Conditions Commonly Associated With DD

Coronary artery disease
Hypertension
Hypertrophic cardiomyopathy
Changes associated with aging
Diabetes mellitus
Aortic stenosis
Obesity
Atrial fibrillation
Pulmonary disease/sleep apnea



PROGNOSIS

The Framingham study demonstrated that life expectancy after a clinical diagnosis
of CHF was markedly reduced (13). As noted previously, a CHF diagnosis in Framing-
ham was made without the assessment of LV function. The criteria for a diagnosis of
CHF were based on the physical exam, chest radiography, and response to diuretic
therapy. From this population-based study, it is hard to extrapolate survival data for
CHF patients and normal LV function. The natural history of CHF as a result of DD
has yet to be well characterized.

Several studies have now examined mortality rates in patients with CHF and normal
LV function, and the results are discordant. In the Vasodilator Heart Failure Trial (34),
the annual mortality rate was 8% in the group of CHF patients with normal EF when
compared to 19% in the group with low EF. Similarly, in a study of 78 African-Ameri-
can patients with CHF admitted to Cook County Hospital during a 10-week period in
1984, many more patients with low EF died (35). By the end of 4 years, 64% of the
reduced EF group had died vs 36% in the preserved LV systolic function group (39%
had normal LV function; 59% were women).

In the nested case-control study from Framingham (14), Vasan reported a mortality
rate of 46% for the normal LV function group and a 75% mortality rate for the patients
with reduced function. In the elderly cohort described by Aronow (15), patients with
abnormal LVEF had significantly higher mortality rates than those with normal LV
function. Unfortunately in this study, mortality statistics were only reported for patients
with CAD.

Conversely, several other studies have shown no significant difference in mortality
rates in CHF patients regardless of LV systolic function (12,18,36,37). In a prospec-
tive study of more than 600 elderly patients admitted to a university hospital with
CHF, 34% had normal LV function (36). As has been seen in other data sets, signifi-
cantly more women than men had preserved LV function (71% vs 29%). Although the
patients with normal LV function had a better prognosis at 3 months, the mortality
rate from 3 to 12 months was not different stratifying the data based on EF. Addition-
ally, in a study of 52 patients referred to a nuclear cardiology laboratory with a diag-
nosis of CHF and LVEF greater than or equal to 45%, the mortality rate after 7 years
was 56%, not substantially different from that reported for patients with reduced LV
function (37). McDermott (18) reported a survival rate of 65% at 27 months of fol-
low-up for both patients with systolic dysfunction and those with preserved systolic
function.

A recent review by Senni and Redfield (21) attempts to reconcile the differing out-
comes in these studies. The authors consider that factors, such as age of the cohort
studied, diagnostic criteria used to define CHF, and variations in the study populations,
may play a significant role in accounting for the variable prognoses observed. They
further point out that studies of patients with incident CHF may have different results
than studies that include patients with both incident and recurrent CHF. In their view,
racial and socioeconomic differences between studies may influence results, as might
differences in therapeutic management of the patients studied.

The prognosis of women with CHF and preserved EF is not reported separately in
any of these studies. Mortality rates for women with CHF in several epidemiological
studies have been demonstrated to be significantly better than for men (8,38,39). But
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these studies have not always been stratified according to degrees of LV dysfunction.
Whether or not the high prevalence of DD in women with CHF plays a role in this
apparent survival benefit is not clear. Further research on all patients with CHF and DD
may shed light on this important question.

TREATMENT

If information about the true prevalence and prognosis of CHF with DD is in short
supply, our knowledge of how to successfully treat it is even more limited. As yet, there
is no proven treatment for DD. Multiple randomized, controlled trials have demon-
strated the benefits of specific therapies for patients with CHF and reduced LV func-
tion, including angiotensin-converting enzyme (ACE) inhibitors, beta blockers, and
spironolactone. In contrast, only small trials and meta-analyses are available to guide
therapy for patients with DD.

ACE inhibitors (40), angiotensin receptor blockers (ARBs) (41), calcium blockers
(42), and beta blockers (43) have all been shown to benefit patients with CHF and DD
in small trials. And, as did the larger group of patients with abnormal LV systolic func-
tion and CHF, patients with relatively well-preserved systolic function showed a reduc-
tion in hospitalization rates and worsening HF when they were treated with digoxin
(44). Of course, all of these trials were either too small or limited in scope to address
the specific benefits of these therapies on women with DD.

The cornerstone of therapy for CHF with DD remains to be treatment of the under-
lying disease process. This is outlined in the recently revised American College of Car-
diology (ACC)/American Heart Association (AHA) Guidelines for the Evaluation and
Management of Chronic Heart Failure in the Adult (24). Treatment of ischemia and
adequate blood pressure control are paramount. The maintenance of fluid balance is
stressed, as is the control of ventricular rate in patients with AF. There are several large
randomized controlled trials that are investigating or will investigate the utility of some
of these therapies in patients with DD. The role of ACE inhibitors, ARBs, and beta
blockers in this patient population may soon become more clear.

FUTURE DIRECTIONS

No data regarding DD therapy will be of value unless a significant number of female
patients are enrolled in upcoming and planned therapeutic trials. The preponderance of
women with CHF and preserved LV function makes it imperative that women with this
disease be investigated. Because the underlying pathophysiology of the disease may be
gender-specific, therapies for DD in women will only prove to be therapeutic if they
are investigated.

Although CHF is quite clearly a prevalent disease in females, relatively few women
have been enrolled in previous CHF trials. In recently completed trials of medical ther-
apy for CHF, only approx 20% of the subjects were women (45). The absence of
women in these studies may be a direct result of the tendency toward higher EF in
women with CHF and their exclusion from the trials because of criteria that requires
the presence of reduced systolic function. Only when women with DD are finally stud-
ied in clinical trials will we have a better understanding of “real-world” HF and its
appropriate treatment.
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INTRODUCTION

An extensive literature search that involves diverse populations has convincingly
and consistently shown a very powerful and inverse association between functional
capacity and risk of death (1–12). Although most studies have focused on men, more
recent work has shown that a very similar pattern exists among women: those more
physically active or who have a greater exercise capacity are substantially less likely to
die or experience major cardiovascular events (13–16). This chapter reviews the evi-
dence relating functional capacity in women to cardiovascular outcome and also dis-
cusses the ongoing sedentary lifestyle epidemic among women of all ages.

DEFINITIONS AND MEASUREMENT OF FUNCTIONAL CAPACITY

Definitions
A physiological definition of physical activity is any body movement produced by a

contraction of skeletal muscle, which results in a substantial increase over resting
energy expenditure (17). Muscle contraction has both mechanical and metabolic prop-
erties. Mechanical classifications are isometric (same length), isotonic (same tension),
or dynamic exercise if there is limb movement. Metabolic classification includes aero-
bic (oxygen available) or anaerobic (oxygen unavailable) processes.

Physical fitness is the ability to carry out daily tasks with sufficient energy, enjoy
leisure-time pursuits, and meet unforeseen physical and health emergencies (18). Mea-
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sures of physical fitness include cardiorespiratory endurance, skeletal muscular
endurance, strength, power, speed, flexibility, agility, balance, reaction time, and body
composition. Physical fitness has two distinct but related components: health and per-
formance. Neither can be easily defined in terms of a single measurement (19). The rel-
ative importance of any fitness attribute depends on the particular performance or
health goal.

Health is defined as a human condition with physical, social, and psychological
dimensions, each characterized on a continuum of positive and negative poles (18).
Positive health is associated with the capacity to enjoy life and withstand challenges,
despite the presence of diseases or risk factors. Negative health is associated with mor-
bidity (and at the extreme, premature mortality), an endpoint that has been extensively
studied relating to physical inactivity and impaired functional capacity (2–4,8,11,12).

Exercise is a form of planned physical activity with the goal of achieving or preserv-
ing physical fitness (18). Endurance exercise involves dynamic, high-repetition move-
ments against low resistance, also referred to as isotonic or aerobic exercise because
muscle shortening develops without much tension. Examples of aerobic exercise
include walking, jogging, swimming, cycling, and dancing. Resistance training
involves exercise designed to increase muscle strength, which can be defined as the
ability to exert force. The training effect is the ability to achieve a higher peak work
rate and maximum oxygen uptake with lower heart rate responses to submaximal levels
of exercise when compared with pretraining conditions.

Measurements
Physical activity, physical fitness, physical training, and exercise are related terms

that are often used interchangeably, yet are based on multiple kinds of measures (20).
In children and adolescents, for example, physical fitness has been measured by time
performing a 1-mile walk or run, the number of sit-ups performed in 1 minute, sports
participation at school and in the community, self-administered surveys, and behavioral
observations by teachers and parents. In adults, investigations have used estimated
metabolic equivalents (METS; where 1 MET is the oxygen amount typically consumed
at waking rest, namely 3.5 mL/kg/min), heart rates at submaximal levels of exercise
(6), and directly measured maximum oxygen consumption (21) with the use of tread-
mill or bicycle stress tests, as well as reports of leisure-time activities, job classifica-
tions, and structured questionnaires. In seniors, where stress testing can be prohibitive
because of unsteady gait, fitness may be measured by activities of daily living (ADL)
and leisure-time activities.

In practice, measures of functional capacity are most often divided into two major
types: (1) exact or estimated measures of exercise capacity based on symptom-limited
exercise testing, and (2) structured questionnaires. Exact measures of exercise capacity
are typically based on expired gas analysis obtained during treadmill or bicycle exer-
cise testing; these techniques are accurate and of prognostic value, but as a result of
expense and logistical issues, they are typically limited to specific patient subsets, like
those with severe heart failure (22–25). In the vast majority of patients undergoing rou-
tine exercise testing, exercise capacity in METs is estimated based on the specific pro-
tocol used and time until exhaustion (26). Functional capacity can then be classified as
high, good, average, fair, or poor according to age and sex; one such scheme that has
been prognostically validated (3) is shown in Table 1.
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Questionnaires attempt to estimate the maximal functional capacity without the per-
formance of a formal exercise study. One example is Goldman’s (27), the Specific
Activity Scale (SAS) shown in Table 2, along with MET equivalents. Another validated
questionnaire, the Duke Activity Scale Index (DASI), consists of 12 “Can you…?”
questions regarding personal care, ambulation, household tasks, sexual function, and
recreational activities (28).

Heart Rate Recovery: A New Correlate of Functional Capacity
Although most studies of adults have focused on estimated or measured exercise

capacity during treadmill testing or activity self-reports, recent work has suggested that
another prognostically important correlate of physical fitness may be heart rate recov-
ery or the decrease in heart rate during the first 1–2 minutes postexercise (29). Heart
rate recovery is considered to be a function of centrally mediated postexercise vagal
reactivation (29), whereas vagal tone is closely correlated with physical fitness
(30–32). In a recent report of 2428 men and women who underwent symptom-limited
exercise nuclear testing, there was a close correlation between functional capacity and
heart rate recovery in both sexes (Fig. 1; 33).

PHYSICAL ACTIVITY AND CARDIOVASCULAR PROGNOSIS

Mortality
A number of groups have shown quite consistently that women who report lower

levels of physical activity have as much as twice the mortality rate of women who
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Table 1
Classification of Estimated Functional Capacity According to Age and Sex

Estimated functional capacity (METs)

Age Poor Fair Average Good High

Women

<29 <7.5 8–10 10–13 13–16 >16
29–30 <7 7–9 9–11 11–15 >15
40–49 <6 6–8 8–10 10–14 >14
50–59 <5 5–7 7–9 9–13 >13
60–69 <4.5 4.5–6 6–8 8–11.5 >11.5
70–79 <3.5 3.5–4.5 4.5–6.5 6.5–8 >88
≥80 <2.5 2.5–4 4–5.5 5.5–7 >77

Men

< 29 <8 8–11 11–14 14–17 >17
29–30 <7.5 7.5–10 10–12.5 12.5–16 >16
40–49 <7 7–8.5 8.5–11.5 11.5–15 >15
50–59 <6 6–8 8–11 11–14 >14
≥60–69 <5.5 5.5–7 7–9.5 9.5–13 >13
70–79 <4.5 4.5–5.5 5.5–8 8–9.5
≥80 <3.5 3.5–4.5 4.5–6.5 6.5–7.5

(Adapted from ref. 3.)

>9.5
>7.5
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Fig. 1. Association of sex-specific deciles of physical fitness, as estimated by peak METs, with
abnormal 1-minute recovery heart rate fall (≤12 beats), among 2428 adults referred for SPECT
testing. Increasing physical fitness levels were strongly correlated with decreasing rates of abnormal
1-minute recovery heart rate fall (in men χ2 for trend = 207, p < 0.001; in women χ2 for trend = 97,
p < 0.001). (Reproduced from ref. 33 with permission.)

Table 2
Specific Activity Scale (SAS) of Goldman

Class and METs Activity limits

Class I (≥ 7 METs) A patient can perform any of the following:
Carry 24 lbs up eight steps
Carry an 80 lb object
Shovel snow
Ski
Play basketball, touch football, squash, or handball
Jog or walk at 5 mph

Class II (5–7 METs) A patient does not meet Class I criteria, but can do any of the following:
Carry anything up eight steps
Have sexual intercourse
Garden, rake, weed
Walk 4 mph

Class III (2–5 METs) A patient does not meet Class II criteria, but can do any of the following:
Walk down eight steps
Take a shower
Change bed sheets
Mop floors, clean windows
Walk 2.5 mph
Push a power lawn mower
Bowl
Dress without stopping

Class IV (≤ 2 METs) None of the above

(Adapted from ref. 27.)



exercise regularly (13,34,35). Recently, a very large study reported the outcomes of
7080 women who underwent symptom-limited treadmill exercise testing as part of a
preventive medicine program evaluation (36). Low physical fitness was defined as a
treadmill time in the lowest 20th percentile for each age–sex group, whereas moder-
ate fitness was defined as a treadmill time in between the 20th and 40th percentiles
for each age–sex group. During 52,982 person-years of follow-up, 89 women died. In
a multivariable model there were only two independent predictors of death in women:
smoking and low physical fitness (adjusted relative risk [RR] 2.10, 95% confidence
interval [CI] 1.36–2.31). Low physical fitness was also independently predictive of
cardiovascular death in women (adjusted RR 2.42, 95% CI 0.99–5.92). Stratified
analyses demonstrated that low or moderate physical fitness was associated with
increased mortality, irrespective of the number of standard cardiovascular risk factors
present.

As previously discussed, heart rate recovery has recently been described as an easily
obtainable and objective measure that is closely correlated with functional capacity
(33). Three studies that involved both men and women investigated the ability of an
attenuated heart rate recovery to predict death. Among 2428 adults (including 905
women) who underwent symptom-limited nuclear testing, an abnormal heart rate
recovery was defined as a heart rate decrease of 12 beats per minute or less during the
first minute after exercise (33). An abnormal heart rate recovery was noted in 252
women (28%) and 387 men (25%), being associated with a markedly increased 6-year
mortality in both men (22% vs 6%, hazard ratio 3.9, 95% CI 2.8–5.3) and women (14%
vs 4%, hazard ratio 4.4, 95% CI 2.6–7.5).

Another similar study focused on 9454 adults (including 2123 women) who under-
went symptom-limited exercise electrocardiographic testing without concurrent imag-
ing (37). During the 5-year follow-up, 68 women (3%) died. As with men, an abnormal
heart rate recovery was associated with an increased risk of death (8% vs 2%, hazard
ratio 4.4, 95% 2.7–7.1). In a multivariable model, the only independent predictors of
death were age, an abnormal heart rate recovery (adjusted hazard ratio 2.7, 95% CI
1.7–4.5), and the number of standard cardiovascular risk factors.

Finally, a third study followed the outcomes of 5234 healthy adults (including 2037
women) who underwent submaximal exercise testing as part of the Lipid Research
Clinics Prevalence Study (38). An abnormal heart rate recovery was defined as a heart
rate decrease of 42 beats per minute or less during the first 2 minutes after exercise,
which was noted in 613 women (30%). As with men, an abnormal heart rate recovery
was associated with an increased risk of death during the 12-year follow-up (7% vs
4%, hazard ratio 2.1, 95% CI 1.4–3.1)

Coronary Events
The Nurses’ Health Study is one of the largest epidemiological studies of cardiovas-

cular disease in women (39) and has been a primary source of our understanding of the
importance of lifestyle factors as correlates of risk for death and coronary heart disease
events (40). Recently, Manson and colleagues performed a systematic analysis of the
association between self-reported physical activity and coronary risk among 72,488
female nurses between the ages of 40 and 65 years who were free of clinical coronary
disease in 1986. The women were asked about the amount of time spent per week in
eight activities: walking or hiking, jogging, running, bicycling, swimming, playing ten-
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nis or squash, and other types of formal aerobic exercise. Answers to these questions,
as well as information about the number of stairs climbed per week, were used to cal-
culate physical activity in MET hour units. The women were followed for 8 years, dur-
ing which time 645 coronary events occurred.

There were important baseline differences between women who were and were not
physically active. When compared to women in the highest quintile of activity (>21.7
MET hours/week), women in the lowest quintile (0–2.0 MET hours/week) were heav-
ier (body mass index [BMI] 25.1 vs 23.5 kg/m2), drank less alcohol (5.9 vs 7.0 g/day),
were more likely to smoke (28% vs 18%) or have diabetes (4.2% vs 2.6%), and were
less likely to use vitamin E supplements (12.8% vs 19.4%).

Even after adjusting for these and other differences, increasing physical activity lev-
els were independently associated with substantially lower rates of coronary events
(Fig. 2). Furthermore, stratified analyses found that this association was entirely inde-
pendent of smoking status and BMI. Among women who did not engage in vigorous
exercise (defined as an activity that required 6 or more METs per hour) a similar
inverse association was noted. In comparison to women in the lowest quintile of
weekly walking activity, there was a decrease in coronary event risk as the level of
physical activity increased (multivariate adjusted relative risk for women in quintile 4
with exercise activity of 4–10 MET hours/week 0.70, 95% CI 0.51–0.95, and for
women in quintile 5 with exercise activity, greater than or equal to 10 MET hours/week
0.65, 95% CI 0.47–0.91).

The authors also examined the association of walking pace with coronary risk
among women who did not engage in any vigorous exercise. When compared to
women who typically walked at a rate less than 2 miles per hour (mph), those who
walked at a rate of 2–2.9 mph had a substantially lower risk of coronary events (multi-
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Fig. 2. Relative risk of major coronary events according to self-reported physical activity in the
Nurses’ Health Study. (Adapted from ref. 40.)



variate adjusted RR 0.75), whereas those who walked briskly, defined as greater than or
equal to 3 mph, were at even lower risk (multivariate adjusted RR 0.64).

Despite the increasing evidence that links regular physical activity and greater func-
tional capacity to lower coronary risk, an interesting “paradox of exercise” has recently
been described, whereby vigorous physical activity is actually associated with a higher
acute risk of myocardial infarction (MI; 41). Two now classic papers found that 4–7%
of patients suffering from MI were engaged in heavy physical activity at the time or
just before the onset of symptoms and that acute physical activity was associated with
an increased acute infarction risk (42,43). However, people who exercise regularly had
a lower relative risk of infarction during vigorous physical activity. For example, in the
study by Mittelman and colleagues (42), sedentary adults had a relative risk of 107
(95% CI 67–171) for triggering an infarction, whereas those who exercised once a
week had a much lower relative risk of 19 (95% CI 10–38), and those who exercised
five or more times per week had a relative risk of only 2.4 (95% CI 1.5–3.7). Both stud-
ies found that there was no sex-based interaction. For both men and women, acute vig-
orous exercise was associated with increased risk of infarction, but this acute risk was
much less among those who exercised regularly.

Stroke
Several studies have now reported an inverse association between physical activity

and the risk of stroke in women. The Nord-Trondelag Health Survey studied 14,101
middle-aged and elderly women with specific attention to different levels of leisure-
time activities and stroke mortality during the 10-year follow-up (44). The relative risk
of dying of stroke decreased with an increase in physical activity. When compared to
sedentary women, the most active women by age groups 50–69, 70–79, and 80–101
had an adjusted relative risk of 0.42 (95% CI 0.24–0.75), 0.56 (95% CI 0.36–0.88), and
0.57 (95% CI 0.30–1.09). By multivariate analysis, the relative risk of death from
stroke for all women 50 years or older by low, moderate, and high levels of physical
activity were 1.0, 0.87, and 0.47, respectively.

The Nurses’ Health Study also examined the association between physical activity
and risk of total stroke in 72,488 women aged 40–65 years during the 8-year follow-up
(14). Increasing physical activity was strongly and inversely associated with the risk of
total stroke. Relative risks from the lowest to highest MET quintiles were 1.00, 0.98,
0.82, 0.74, and 0.66. A brisk or stride walking pace was associated with a lower risk of
stroke when compared to average or casual pace (0.36, 95% CI 0.27–0.48 vs 0.66, 95%
CI 0.52–0.83). These data indicate that physical activity is associated with a substantial
reduction in the risk of total stroke in a dose-response manner.

Other reports have also demonstrated that physically active women are at a
markedly reduced stroke risk. These include the analyses of The Northern Manhattan
Stroke Study (16), National Health and Nutrition Examination Survey (NHANES I)
database (45), and the Copenhagen City Heart Study (46).

POSSIBLE MECHANISMS LINKING FUNCTIONAL CAPACITY 
TO CARDIOVASCULAR RISK

Although the strong association between functional capacity and cardiovascular risk
is now widely accepted, the precise mechanism(s) by which physical fitness protects
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against major life-threatening cardiovascular events is not clearly known. Research in
this area has focused on the determinants and cross-sectional correlates of functional
capacity, association of functional capacity with changes in other biological markers,
and physiological effects of exercise training (Table 3).

Not surprisingly, regular physical activity is a powerful determinant of measured func-
tional capacity in both men and women (47,48), although the intensity of exercise, rather
than the regularity, may be a stronger predictor of functional capacity (49). Nonetheless,
both regularity and intensity are only modestly associated with measured physical fitness,
arguing that other factors are likely to be related. For example, based on twin studies, it
has been suggested that genetic factors account for 25–50% of the functional capacity
variability (50,51). Other possible determinants of functional capacity include body
weight and dietary factors (1,52,53), cigarette smoking (54,55), total blood volume (56),
central arterial stiffness (57), and the use of medications (e.g., beta-blockers).

A number of groups have carefully analyzed the associations of physical activity
and physical fitness with standard cardiovascular risk factors (58–63). In a very recent
study, LaMonte and colleagues performed cross-sectional analyses of 2175 men and
980 women who were participants of the Latter Day Saints Hospital Fitness Institute in
Salt Lake City, Utah (60). All subjects underwent symptom-limited exercise testing
with exercise capacity estimated according to standard methods (64). Cardiorespiratory
fitness was classified as low, moderate, or high based on age- and sex-specific criteria
(65). The authors found that among both men and women, decreasing cardiorespiratory
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Table 3
Possible Biological Links Between Functional Capacity and Cardiovascular Outcome

Type of link Links

Determinants of functional capacity Greater regularity of exercise
Greater intensity of exercise
Genetics
Lower body weight
Healthy diet
No cigarette smoking
Increased total blood volume
Decreased central arterial stiffness
Medications (e.g., beta blockers)

Standard cardiovascular risk factors Lower blood pressure
Lower blood glucose
Lower tryglyceride and LDL cholesterol

Biological markers of atherosclerosis Quantitative coronary angiography
Carotid intimal thickness by ultrasound

Physiological effects of exercise Increased HDL cholesterol
Improved autonomic balance
Increased parasympathetic tone
Decrease sympathetic tone
Improved endothelial function
Decreased oxidative stress
Decreased heart rate

See text for details and references.



fitness was independently associated with higher rates of hypertension, elevated blood
sugar, hypertriglyceridemia, and an elevated low-density lipoprotein (LDL) cholesterol
(Fig. 3), even after adjusting for age, percent body fat, presence or absence of coronary
heart disease, and family history of coronary heart disease. Of note, these risk factors
have been linked to insulin-resistance metabolic syndrome.

Several recent studies have specifically examined the impact of functional capacity
and physical exercise training on biological markers of atherosclerotic disease (66),
such as carotid intimal thickness and coronary artery stenoses as measured by quantita-
tive angiography. For example, one recent study of a population-based sample of mid-
dle-aged men found that higher levels of functional capacity were predictive of slower
rates of atherosclerotic disease progression as assessed by carotid ultrasound (51); this
study exclusively enrolled men. Similarly, other groups have found that an aggressive
exercise regimen was associated with slowed coronary athetherosclerosis progression
according to quantitative angiography measures (67–69); these studies also specifically
enrolled men. Analogous studies in women need to be performed.

Finally, other investigators have focused on the potentially beneficial biological
effects of exercise training. For example, data collected as part of the National Run-
ners’ Health Study demonstrated substantial increases in high-density lipoprotein
(HDL) cholesterol with vigorous exercise (62). This study involved 1827 women
(mean age 40) who were regular runners for an average of 6 years; the authors found
an increase of HDL cholesterol by 0.133 mg/dL for each additional kilometer run per
week. In another interventional study, it was again noted that women who partici-
pated in an exercise program had an increase of HDL cholesterol, but only after 2
years of regular exercise (63). Other potentially beneficial effects of exercise pro-
grams include improved autonomic balance (30–32), improved risk factor profiles
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Fig. 3. Adjusted odds ratios for risk factors related to insulin-resistance metabolic syndrome accord-
ing to cardiorespiratory fitness (CRF) in 980 women studied at the Latter Day Saints Fitness Institute.
(From ref. 60 with permission.)



(70), improved endothelial function (71,72), decreased oxidative stress (73), and
decreased heart rate (74).

THE SEDENTARY EPIDEMIC AMONG AMERICAN WOMEN

Despite the well-known association between physical activity and better health, as
well as the extensive media coverage that has been dedicated to it, recent surveys have
found no material change in leisure-time physical activities among American adults
during the last 15 years (75). Furthermore, a number of surveys have found that
throughout the life cycle, females tend to be less physically active than males.

Children and Adolescents
Lower levels of routine physical activity among girls begin during childhood.

Crocker and colleagues found that among children and adolescents aged 9–15, boys
were consistently more active than girls, and younger children were more active than
adolescents (76). Katzamarzyk and colleagues surveyed 356 boys and 284 girls in three
age groups and noted a marked decrease in activity among girls aged 13–15 that was
(at least in part) correlated with increased time spent watching television (19).

Several large surveys have found disturbingly low levels of regular physical activity
among adolescent girls. Gordon-Larsen and colleagues surveyed 13,157 students in
grades 7–12 (77). Questionnaires were used to assess time spent in moderate-to-vigor-
ous physical activity, defined as at least five bouts per week of 5–8 METs, and in inac-
tivity, primarily defined as time spent watching television or videos. Girls were
consistently less active than boys, with particularly high levels of inactivity observed
among African-American and Asian girls. In 1995, the Youth Risk Behavior Survey
(78) found that only 54% of high school girls participated in vigorous physical activity,
at least 20 minutes three times a week in comparison to 72% of boys.

The observed low levels of physical activity among female children and adolescents
might be partly related to inadequate physical education. Although formal physical
education is required by 95% of school districts in the United States (7,79), only 26%
of states require schools to offer a course at the high school level in lifetime physical
activity, and only 15% of all physical education teachers require students to develop
individualized fitness programs to prepare them to be physically active adults. Other
important factors among girls and female adolescents may include sociocultural factors
that pressure girls to curtail “masculine” activity and decreased self-esteem when girls
enter junior and senior high school (18,80–82).

Adults
Data on frequency of physical activity in the American adult population have been

derived from three major surveys (18,75): (1) the National Health Interview Survey
(NHIS, sample size in 1991: 43,732), (2) the Behavioral Risk Factor Surveillance Sys-
tem (BRFSS, sample size in 1994: 106,040), and (3) the NHANES III (sample size
1988–1991: 9901). Overall, 22–30% of all adults reported no participation in leisure-
time physical activity. In each survey and in all age groups, women were consistently
more likely than men to be physically inactive, especially at older ages (18; see Fig. 4).
Conversely, only 20–25% of adults reported participating in regular, sustained physical
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Fig. 4. Percentage of adults reporting no participation in leisure time physical activity according to
sex and age as measured by the 1991 National Health Interview Survey (NHIS). (Reproduced from
ref. 18. US government publication.)

Fig. 5. Percentage of adults reporting participation in regular sustained physical activity, defined as five
times per week for at least 30 minutes per session, according to sex and age as measured by the 1991
National Health Interview Survey (NHIS). (Reproduced from ref. 18. US government publication.)



activity at least five times per week for at least 30 minutes per session. Again, for all
age groups, women were less likely to be physically active than men (Fig. 5). Women
were much less likely than men to have participated in strengthening exercises within 2
weeks of being surveyed (20% vs 9%), but were as likely as men to have participated in
stretching exercises (25% vs 26%; 18).

It is not entirely clear why women are less physically active than men, although a
number of age-specific factors are likely important to consider. Among college-aged
women, reasons cited for lower activity levels have included inadequate social support
(83), lack of awareness of available exercise facilities, and engaging in potentially
harmful weight loss practices (84), such as the use of diet pills or laxatives and self-
induced vomiting. Among middle-aged adult women, possible barriers to physical
activity include time constraints related to work and parenting responsibilities, cost,
mood disturbances, and lack of self-discipline (18). One questionnaire study involving
1336 women found that inactivity was associated with smoking, fatigue, frequent
snacking, and obesity (85). Seasonal and geographical factors have also been corre-
lated with physical activity in women, with greater physical activity levels during the
spring and summer and in the Western states (18). Among older women, factors that
contribute to physical inactivity include decreased skeletal muscle mass accompanied
by increased body fat (86,87), increased number of activity-limiting chronic diseases
(88–91), and concerns about falling (92).

CONCLUSIONS

Evidence linking impaired functional capacity to increased risk for death and car-
diovascular morbidity among both men and women is overwhelming. We recommend
that an assessment of functional capacity, whether by formal exercise testing or by
structured questionnaire, be an essential part of any comprehensive health assessment.
Females who are physically active should be encouraged by physicians and other
health care providers to maintain their levels of activity. Women who are physically
inactive or who have a low functional measured capacity should be considered to be at
increased risk. Physical inactivity is quite common among females, therefore, physi-
cians, both as health care professionals and concerned citizens, should promote and
encourage social and educational policies that will lead to higher levels of physical
activity among females of all ages.

The US Surgeon General recently published physical activity recommendations
that are similarly relevant to women and men (18). Included among these recommen-
dations is that all people age 2 years and older should engage in regular physical
activity for at least 30 minutes every day. Inactive women over the age of 50 and any
women with or at high risk for cardiovascular disease who wish to initiate an exercise
program should consult with a physician first; a consultation might include a formal
exercise test. Muscle strengthening exercises at least twice a week are also strongly
recommended. Although these recommendations seem reasonable and strong biologi-
cal links are present between regular exercise and improved cardiovascular profiles
(70), randomized trial data supporting physical activity as a means of preventing
coronary events do not yet exist. Therefore, future research will be needed to deter-
mine how best to optimally improve overall and cardiovascular outcomes among
physically inactive women.
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THE MAGNITUDE OF THE PROBLEM

Heart disease is the leading cause of death in women in the United States. However,
the burden of heart disease is not equally distributed among racial and ethnic groups.
Recognizing major differences in health care in the minority populations of the United
States, in February 1998 and at the direction of then President Bill Clinton, the US
Department of Health and Human Services launched the Initiative to Eliminate Racial
and Ethnic Disparities in Health. One of the major goals of the initiative was to elimi-
nate disparities in heart disease by the year 2010 (1).

Although heart disease is prevelant in society as a whole, several epidemiological
studies have shown that African-American women experience higher rates of heart dis-
ease when compared to white and Hispanic women. In a landmark publication by
Casper et al., African-American women were identified as being at much greater risk of
dying from heart disease in comparison to women of other ethnic and racial groups (1).
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In 1995 in the United States, the death rate from heart disease in African-American
women was 555 deaths per 100,000, followed by white women with 388 deaths per
100,000, Hispanic women of all races with 265 deaths per 100,000, and Native Ameri-
can and Alaskan native women with 259 deaths per 100,000 (1).

Although mortality from heart disease has been declining in the past few decades,
the decline rate has varied by racial and ethnic groups. For African-American women,
the rates of morbidity and mortality from coronary heart disease (CHD) have not
improved to the same extent that they have in white women. In a 1997 publication of an
analysis of the National Health and Nutrition Examination Survey (NHANES I) data,
Gillium and colleagues demonstrated that the overall relative risk for African-Ameri-
can women between the ages of 25 and 54 was 1.76 for coronary artery disease (CAD)
and 1.0 for acute myocardial infarction (MI), with a 2.25 relative risk for death from
CAD (2).

This chapter discusses the recent advances in our knowledge of the occurrence and
heart disease determinants in the community of African-American women in the
United States because they are the minority group at greatest risk for mortality and
morbidity from heart disease.

EPIDEMIOLOGY

Since 1950, it has been documented that African-American women, in comparison
to white women, are at a higher risk for death from heart disease, as well as more prone
to MI at an earlier age. Furthermore, when MI occurs in young African-American
women, it is usually accompanied by major complications and worse outcomes when
compared to white women (2–5).

In 1995, the death rate from heart disease was 65% higher in African-American
women than in Caucasian women (American Heart Association [AHA] 1997). This
startling fact is most likely the result of social, economic, and biological circum-
stances, which have a strong influence on important primary cardiovascular risk factors
that are highly prevalent in African-American women: obesity, hypertension, diabetes
mellitus (DM), and physical inactivity (6–8). Low socioeconomic status (SES) has also
been strongly linked with CHD risk, which is especially relevant for African-American
women because 30% live below the poverty level when compared to 10% of white
women (9). Higher risk factor levels in African-American women may explain the
excess risk of CAD. Differences in risk factors, health-seeking behavior, and access to
health care may account for some of the gap in health status and clinical outcomes
from heart disease in African-American women in the United States.

RISK FACTORS FOR CHD

There is a growing consensus that the disparity between African-American and white
women in morbidity and mortality from CAD is related to the difference in the prevalence
and impact of established risk factors for CAD, especially hypertension, DM, and obesity.
In addition, other risk factors, such as smoking, insulin resistance, and stress, may con-
tribute to the racial differences in morbidity and mortality from CAD.

Until recently, the risk factors for CHD in African-American women were not well
studied. However, in an important publication, Rosenberg and colleagues investigated
factors associated with CHD in data provided by the 64,530 participants of the Black
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Women’s Heart Study (10). These data implied that conventional risk factors for CAD
(hypertension, smoking, DM, hypercholesterolemia, and family heart disease history
before age 50) were strongly correlated with CAD. Of note is that the odds ratio for CAD
was increased for participants with lower education levels and lower SES. Thus, conven-
tional risk factors for CHD are similar in both African-American and white women.

SPECIFIC RISK FACTORS IN AFRICAN-AMERICAN WOMEN

Hypertension
Epidemiologic studies demonstrate that elevated blood pressure is strongly and con-

sistently linked to risk for CAD, as hypertension accelerates the atherosclerotic process
(11). The incidence of hypertension increases with age among all racial groups; how-
ever, the increase rate is much greater in African-American women. Among US women
over 45 years of age, 60% of white women and 79% of African-American women have
hypertension (12). The prevalence of hypertension in African-Americans age 20 or
older far exceeds that of the overall US population and has been estimated at 34.2% for
African-American women vs 19.3% for white women (13). The impact of hypertension
is also much greater among African-American women than white women in the United
States. In 1995, the death rate from hypertension was 352% higher for African-Ameri-
can women than for white women (12).

Hypertension remains a key contributing factor to the development of atheroscle-
rotic heart disease. Accordingly, with a significantly higher prevalence of hypertension,
the African-American woman is at great risk for morbidity and mortality from CAD. A
recent meta-analysis has demonstrated the impact of treatment of African-American
women with primary hypertension on cardiovascular morbidity and mortality outcome
based on data from 11 randomized controlled trials. In this meta-analysis, treatment of
hypertension in African-American women reduced the risk of fatal and nonfatal coro-
nary events by 33% (14). Because hypertension plays such a pivotal role in CAD
development, control of hypertension may be one of the most important aspects of
CAD prevention in African-American women.

Obesity and Sedentary Lifestyle
Obesity and a sedentary lifestyle have reached epidemic proportions in the United

States and are two important factors that contribute to an increased risk of heart dis-
ease. A high body mass index (BMI) and central obesity are important independent
predictors of CHD in women (15). Physical inactivity is a major contributing factor to
obesity and is an independent risk factor for the development of CHD (16).

Recent studies have demonstrated that 67% of African-American women are over-
weight (BMI >25 kg/m2), and 68% have an inactive lifestyle (17). The fact that there is
a high prevalence of obesity and inactive lifestyle in African-Americans is directly cor-
related with the high incidence of CHD.

DIABETES MELLITUS

DM (more than 90% of which is type 2 diabetes with onset in adulthood) is an inde-
pendent risk factor for CHD. Diabetes is associated with a three- to sevenfold increase
in CHD risk in women (18). Data from the NHANES III demonstrated that among
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women older than 20 years of age, 9.1% of African-American women when compared
to 4.6% of white women, had DM (19). Because obesity is linked to type 2 diabetes,
and with 67% of African-American women being obese, the high incidence of diabetes
in this group is expected.

HYPERHOMOCYSTEINEMIA

Elevated plasma homocysteine concentration is an independent risk factor for
CAD and subsequent mortality (20). In a recent study of 89 African-American
women and 90 white women, Gerhard and colleagues demonstrated that the former
had higher plasma total homocysteine levels and lower plasma folate levels (21). The
higher plasma homocysteine levels and low folate levels were felt to be the result of
lower folate and multivitamin intake in African-American women, who were
included in this study. Thus, in addition to traditional risk factors, elevated homocys-
teine levels may be an additional potent risk factor for CAD in African-American
women.

CHEST PAIN: THE PARADOX OF CAD 
IN AFRICAN-AMERICAN WOMEN

Angina as a presenting symptom of CHD has been found to be higher in African-
American women in comparison to white women (22). Yet, despite this higher inci-
dence of angina, there is a lower prevalence of angiographically significant disease.
Angiographic prevalence of CAD was found to be 12% in African-American women
in comparison to 20% in white women in the Coronary Artery Surgery Study (CASS)
study (23). However, it appears that when CAD is present in the African-American
woman, it is usually significant and has a poor prognosis. Thus, anginal chest pain in
African-American women is a less specific marker and less predictive of CAD.

Possible causes of the high chest pain incidence in African-American women
include resistance vessel disease in hypertensive women with left ventricular hypertro-
phy (LVH) and microvascular disease in the setting of diabetes and hypertension—two
disease states that are present in large percentages in African-American women.

Despite the limited prognostic value of chest pain in African-American women, it
remains the most common manifestation of CHD. Thus, chest pain and possible atypi-
cal symptoms of angina should be pursued in African-American women, given the
appropriate clinical context and underlying probability of coronary disease.

IDENTIFICATION AND MANAGEMENT OF AFRICAN-AMERICAN
WOMEN WITH CAD DIAGNOSIS

Noninvasive
The choice and interpretation of noninvasive tests pose unique challenges in

women. Limited data exist on the use of the standard noninvasive test (e.g., exercise
stress testing, stress echocardiography, and nuclear perfusion studies) in African-
American women. One important factor that may have a significant influence on the
diagnostic accuracy of noninvasive tests in African-American women is the high
prevalence of LVH. Exercise electrocardiogram (ECG), for example, loses its diag-
nostic accuracy in the LVH setting.
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The sensitivity and specificity of exercise treadmill testing can be greatly enhanced
by adding imaging techniques, such as myocardial perfusion imaging and echocardiog-
raphy. Myocardial perfusion imaging with the radioisotope technetium-99m Sestamibi
with gated single photon emission tomography (SPECT) has been shown to have
excellent sensitivity and specificity for detecting CAD in women (24) and has similar
prognostic value in African-American and white subjects (25).

Stress echocardiography has been shown to be an accurate cost-effective approach
to diagnosing CAD in women (26) and is a sensitive tool for the detection and quantifi-
cation of LVH. Thus, with a high prevalence of hypertension and LVH in African-
American women, stress echocardiography is a reliable, noninvasive diagnostic tool in
detecting CAD in African-American women.

CARDIAC CATHETERIZATION AND CORONARY
REVASCULARIZATION

Several studies have confirmed the existence of race-related disparities in the utiliza-
tion of coronary procedures. African-Americans are less likely than whites to receive
diagnostic and therapeutic cardiac procedures in the CAD setting (2,27,28). Several
factors that may affect racial disparity in referral for cardiac procedures include finan-
cial barriers, differences in severity of disease, patient preferences, and the amount of
patient contact with hospitals that offer invasive cardiac procedures (27,29). Peterson
and colleagues demonstrated that patient choice is a contributing factor in the underuti-
lization of coronary procedures in African Americans. Despite equivalent referral pat-
terns to cardiac catheterization at Duke University, fewer African-American patients
chose revascularization over medical therapy (27).

Physician referral bias is another important factor in the race-related disparity in
referral for coronary procedures. In a recent publication, Schulman and colleagues
demonstrated that the race and sex of a patient independently influence physicians’

Chapter 9 / Considerations for Minority Women 123

Fig. 1. Age-adjusted death rates for coronary heart disease, stroke, lung and breast cancer for white
and black females. (From ref. 32.)



treatment strategies for chest pain. In this study, physicians were asked to outline a
diagnostic and treatment plan based on a given history and videotapes of subjects of
different races and sexes (30). Given the same history, physician referral for cardiac
catheterization was less frequent for women and African Americans. Thus, despite the
increase in performance of coronary revascularization (coronary artery bypass graft
surgery and percutaneous transluminal coronary angioplasty) in African Americans
(31), racial disparities still exist in the utilization of coronary procedures.

CONCLUSION

The fact that the African-American woman is vulnerable to CHD is undisputable, as
it is the leading cause of death in African-American women. Despite the fact that heart
disease mortality and morbidity have improved significantly over the past decade,
African-American women continue to have worse life expectancy and excess death
from heart disease. See Fig. 1 (32). Differences in risk factor profile, access to health
care, SES, and health-seeking patterns may account for some of the racial disparity in
mortality from heart disease. Two factors are instrumental in improving the heart dis-
ease mortality rate in African-American women: (1) physician referral bias must be
overcome, and (2) African-American women need to understand that they are vulnera-
ble to heart disease. They must be educated about the risk factors, warning signs, and
preventive strategies for heart disease.
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B. Varying Symptom Presentation 
in Women



INTRODUCTION

Chest pain is one of the most common complaints encountered by the emergency
physician. Each year, 5.3 million patients appear at US emergency rooms with chest
pain (1). More than half of these patients are women (2). The chief clinical concern in
evaluation is the possibility of acute coronary syndrome (ACS) and the need to provide
quick and appropriate therapy to reduce the risk of death and serious complications (3).
Often, coronary angiography and other objective testing is performed only after clini-
cal history, including chest pain evaluation, reveals a reasonable likelihood that a
patient might suffer from ACS. For women, such a likelihood is more difficult to assess
than in men. This chapter addresses the issues in using chest pain assessment as part of
a coronary artery disease (CAD) diagnostic work-up in women. The first part summa-
rizes the available literature. In the second part, the widely used Coronary Artery
Surgery Study (CASS) symptom classification is tested in a pilot group of Women’s
Ischemia Syndrome Evaluation (WISE) study participants to provide preliminary evi-
dence toward the development of a female pattern angina classification.

TYPICAL ANGINA AND CAD IN WOMEN

A systematic chest pain classification was developed in the CASS study in the 1980s
as part of CADENZA, a microcomputer program to estimate the probability of CAD in
patients. Besides symptom classification, this program also evaluated risk factors,
including gender and noninvasive test results. Symptoms were evaluated according to
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three criteria: is the discomfort (1) substernal, (2) precipitated by physical exertion, (3)
relieved within 10 minutes by rest or nitroglycerin. Typical angina was defined as the
presence of all three-symptom characteristics; atypical angina was defined as the pres-
ence of any two; nonanginal discomfort was defined as the presence of only one; and
asymptomatic referred to patients without any of these symptom characteristics (4).
The investigators found that a probability estimate based on a patient’s age, sex, symp-
tom classification, and Framingham risk factors predicted the disease prevalence as
accurately as one also based on various combinations of noninvasive test procedures.
Even in women, who had a lower CAD incidence than men (5), symptom classification
was closely linked with CAD prevalence. Among women, 62% with typical angina had
CAD; 40% with atypical angina had CAD; and only 4% with nonanginal pain had
CAD (6).

Because of its elegant simplicity and apparently widespread application, this chest
pain classification has become the standard in clinical practice. However, subsequent
experience has suggested that CAD is not as easy to diagnose in women as it is in men.
It is a common observation that women have a different pattern of coronary symptoms
than men (7–10). Hence, women with chronic stable angina are more likely than men
to experience angina during rest, sleep, or mental stress (11). They often experience
their symptoms in locations other than the substernum: lower jaw and teeth, arms,
shoulders, back, and epigastrium (12–14). Rather than actual pain, symptoms may
include dyspnea, palpitations, presyncope, fatigue, sweating, nausea, or vomiting
(15–18). Compared to the highly predictable angina patterns in men, typical angina
appears to be far less predictive of CAD in women (12,19). Conversely, the presence of
symptoms other than typical angina does not decrease CAD likelihood (20).

Moreover, at follow-up, twice as many women (as men) with normal arteries experi-
ence continued chest pain, angina treatments, chest pain-related hospital admissions
(12,21–23), and significantly impaired quality of life (24). Women without angiograph-
ically significant CAD continue to experience persistent chest pain over time nearly as
frequently as women with CAD (25). The concept of gender differences in the associa-
tion of symptom presentation and CAD is not uniformly accepted. Some authors sug-
gest that there are more similarities than differences between the sexes and that some
observed differences may be the result of communication style (26).

A second complication for symptom assessment is that among women clinically
referred for coronary angiography, only approx 50% or less are found to have signifi-
cant coronary artery obstruction when compared to approx 85% of men (27–30). Along
with the additional complication of higher false positive-test responses on noninvasive
diagnostic tests (31,32), these problems partly explain why women have often received
less careful evaluation of their chest pain symptoms and are less likely to undergo coro-
nary angiography and less aggressive treatment (33–39). Noninvasive CAD tests were
largely developed and verified in men and may be less robust in women (40), as women
have historically been understudied (41–43). When presenting with non-“classic”
symptoms, a woman is often not taken seriously and may be sent home without diag-
nostic assessment (44). An “exaggeratedly emotional presentation style” may reduce
her assessed CAD probability (45). Women themselves substantially underestimate
their own CAD risk and attribute their symptoms to other possible diseases (46). Thus,
they are likely to ignore their atypical symptoms and delay seeking medical care
(47,48). As a result, ischemic heart disease is diagnosed less often in women (44,49)
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and at a more advanced disease stage (50). The consequences are enormous. When
women develop significant CAD, they typically have greater disease severity and dis-
ability than men. Women are more likely to die from an episode of myocardial infarc-
tion (MI) than men (51–53). Only recently has angina pectoris been recognized as a
serious clinical problem for women (34,54), whereas in fact, coronary heart disease is
the leading cause of mortality and leads to serious morbidity and disability in adult US
women (34).

MECHANISMS OF NON-CAD CHEST PAIN IN WOMEN

The syndrome of typical anginal symptoms and normal coronary angiograms, often
accompanied by positive echocardiogram (ECG) responses to exercise suggestive of
ischemia, has been termed Syndrome X (55,56). Early observations have noted that this
syndrome predominates in women and that the symptoms can be severe and disabling
(57). However, once CAD is ruled out, further physiological studies are rarely carried
out in women, and their symptoms are often dismissed as noncardiac (58,59). The
search for noncardiac etiologies has focused primarily on gastrointestinal disorders
(60) and anxiety or panic disorders. However, even if present, the presumed cause-and-
effect sequence between chest pain and noncardiac etiologies has been questioned in
several studies (61,62). It would not be surprising in a large patient population with
severe, debilitating, and persistent symptoms of undetermined etiology to find a high
incidence of anxiety, panic disorder, and somaticizing complaints secondary to their
unexplained and often untreated symptoms. In many women with Syndrome X, the
presence of comorbid conditions does not necessarily obviate the need for more
detailed evaluations for myocardial ischemia.

Myocardial ischemia is mediated, to a large degree, by endothelial dysfunction,
defined as the disordered response of arteries (macrovascular dysfunction) and arteri-
oles (microvascular dysfunction) to physiological stimuli (exercise, mental stress,
acetylcholine, etc.). Recent evidence suggests that much of women’s chest discomfort
in the absence of CAD may result from a higher prevalence among women of
vasospastic (63) and microvascular angina (19), resulting from functional abnormali-
ties of the coronary microcirculation during stress (64,65). Such functional abnormali-
ties may include abnormal dilator and exaggerated responses to vasoconstrictors, as
well as attenuated changes in coronary blood flow following stress (19,65), as demon-
strated in studies of exercise testing, coronary flow reserve (66), and coronary velocity
reserve (67). Patients with Syndrome X may present with either typical or atypical
angina (68,69). Recent work has provided direct evidence of abnormal metabolic
responses to stress that are consistent with abnormal dilator responses of the coronary
microvasculature (70). Additionally, studies have indicated that the microvascular
impairment in Syndrome X may not just be functional, but may also represent struc-
tural changes in the small coronary arteries (71,72). Although current evidence sug-
gests that patients with this syndrome have a relatively low likelihood of adverse
outcomes, the prognostic significance for downstream CAD development is as yet
poorly understood. However, it is clear that women with vasospastic or microvascular
angina can be treated by vasoactive pharmacological agents (58). Therefore, it is
important that chest pain evaluation, particularly in women, include microvascular dys-
function analysis after ruling out CAD.
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A woman’s diagnostic assessment is not complete without consideration of hor-
monal status. Menopausal status, irrespective of age, is now recognized as a risk factor
for CAD (73). Menopause not only alters risk factors, such as lipoprotein profiles (74),
but the reduced estrogen levels may also impact the coronary microvasculature (75).
The relationship between hormonal status and chest discomfort and the possible role of
hormone replacement therapy (HRT) in reducing or even reversing the damaging
effects of estrogen loss are currently controversial. Although the Nurses’ Health Study
and the Lipid Research Clinics Program have demonstrated significant decreases in
CAD risk and cardiovascular mortality at follow-up (76,77), more recent prospective
placebo-controlled trials have failed to find beneficial effects. For example, the Heart
and Estrogen Replacement Study (HERS) has found no reduction in cardiovascular
event rates at 4-year follow-up among women with established CAD who received
HRT, despite a beneficial effect on lipid profiles (78).

In summary, for many years, chest pain diagnosis in women has followed the male
disease model. A comparative female model has not been developed, partly because
women’s anginal symptoms do not track as easily with CAD and partly because of the
traditional lack of appreciation in considering CAD as a serious clinical problem for
women. Although cardiovascular disease is the most frequent cause of death among
women in the United States and the developed world, women continue to be under-
diagnosed and undertreated in comparison to men, and referral tends to be delayed
until a later stage in the disease process. As a partial result, women are more likely to
die from their first MI. However, even in the absence of significant CAD, women who
experience debilitating and frightening symptoms continue to consume large amounts
of diagnostic and health care resources and costs. To develop better diagnostic models
requires two directions. One is to recognize that, under the current state of knowledge,
clinical history alone is inadequate to distinguish cardiac from noncardiac chest pain
(34), thus requiring more objective testing in women. Objective testing should also
include assessment for microvascular dysfunction, which is often responsible for chest
discomfort of noncoronary etiology and can be pharmacologically treated. The second
direction is to develop a better assessment instrument for female pattern angina. The
following section reports on our ongoing work in the WISE study in seeking to develop
such an instrument.

FEMALE PATTERN ANGINA: REPORT FROM THE WISE STUDY

The National Heart, Lung, and Blood Institute (NHLBI) WISE is an ongoing four-
center study designed to optimize symptom evaluation and diagnostic testing for
ischemic heart disease in women (79). A primary goal has been to improve chest pain
symptom modeling. Over the past 3 years, WISE has enrolled nearly 1000 consecutive
women with symptoms leading to clinical referral for coronary angiographic evalua-
tion of suspected ischemia. The study has collected the largest contemporary dataset of
a unique female cohort. The WISE common core data include demographic and clini-
cal data, psychosocial variables, coronary angiography and ventriculography data,
blood determinations, and a variety of noninvasive diagnostic tests.

Prior WISE results have shown that approx 40% of the WISE participants experi-
ence chest pain or other symptoms daily or almost daily, and approx 70% experience
symptoms at least weekly. Symptom frequency does not differ by severity of CAD, but
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is associated with significantly lower quality of life (80). Frequency of symptoms at
baseline also predicts whether a woman will continue to experience persistent symp-
toms over time. Other predictors of persistent chest pain (or other symptoms) were pain
location (e.g., neck, left arm, but not substernal pain), symptoms waking at night,
younger age, and a history of reproductive abnormality (25).

Methods
We are reporting pilot results on 481 women consecutively enrolled in WISE who

had complete angiographic, demographic, risk factor, and anginal chest pain evalua-
tion. A subgroup of 435 also completed the WISE symptom questionnaire. In the origi-
nal CASS study, Diamond et al. (4) excluded patients with documented prior CAD,
which we attempted to replicate by excluding women who reported a past MI or who
had undergone coronary artery bypass grafting (CABG) or percutaneous transluminal
coronary angioplasty (PTCA) revascularization procedures. It was believed that symp-
tom descriptions might be influenced by prior knowledge of CAD presence. The WISE
sample ranged in age from 27 to 85 years, mean 57±11, and 17% were non-white.
Most of the women (79%) listed chest pain as their primary reason for being referred
for coronary angiography, although other reasons included abnormal stress test results
and shortness of breath. All the women had experienced chest pain or other symptoms
in the year prior to WISE enrollment. Angiographic results indicate that 48% of the
women had no detectable coronary disease (<20% luminal diameter stenosis), 26% had
minimal coronary disease (20 to <50% stenosis), and 26% had significant coronary dis-
ease (≥50% stenosis) in one or more epicardial coronary artery. This low CAD inci-
dence in the study population resulted from the exclusion of women with known CAD
from the present analysis. Most of the women had multiple cardiac risk factors, such as
hypertension, obesity, and diabetes. Most were postmenopausal (74%), and 41% were
on HRT at the time of their evaluation.

CORONARY ANGIOGRAPHY

All women received clinically ordered coronary angiograms that were reviewed by a
WISE core angiographic laboratory to provide a uniform quantitative and qualitative
assessment of the presence, severity, and complexity of epicardial coronary artery
stenosis.

CHEST PAIN ASSESSMENT

Most women completed two chest pain symptom questionnaires administered at the
same setting. The traditional chest pain assessment questionnaire, validated in large
female and male populations for coronary disease prediction (4), was used to classify
women’s symptoms as typical angina, atypical angina, nonanginal symptoms, and
asymptomatic (see p. 130). A second questionnaire developed for WISE explored a
wide list of other pain symptoms, including location, intensity, duration, remedies, and
chest pain triggers.

Results: Anginal Classification
Table 1 summarizes the demographic and risk factor information for the 481 WISE

participants, stratified by absence or presence of CAD. Women with CAD were older
and postmenopausal and had a higher prevalence of diabetes, hypertension, and dys-
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lipidemia than women without CAD. They were also more likely to be non-white and
less likely to be on HRT. A more detailed analysis shows a close relationship between
CAD and age. When divided into four age categories, the percent of women with CAD
was: age less than 45, 10%; 45–55, 19%; 55–65, 25%; and greater than 65, 43%. Of the
22 women age 75 years or older, 68% had CAD. Age has consistently been the
strongest CAD predictor in the WISE study.

The percent of women with CAD by anginal classification was less dramatic: 35%
for typical angina; 22% for atypical angina; 27% for nonanginal symptoms; and 8% for
asymptomatic women. Although decreasing with less typical angina, this trend does
not show much diagnostic discrimination, particularly when compared with CASS
results (62, 40, and 4%, respectively, for the first three categories). Typical angina had a
35% sensitivity and a 77% specificity suggesting a high rate of false-negatives or an
underdiagnosis of women with CAD. It is of note that although the so-called “asymp-
tomatic” women had a very low CAD prevalence, these women were not truly asymp-
tomatic. More than 50% of these women described their symptoms as “discomfort” in
the left chest, left shoulder, or left arm. This discomfort most often took the form of
chest pressure, tightness, numbness, or shortness of breath, and typically occurred at
rest. Although most women described their symptoms as “tolerable,” 97% had sought
medical care.

We next stratified WISE women by both anginal classification and age according to
the CASS categories. Diamond estimated the probability of CAD using Bayes’ theo-
rem of conditional probability, calculated separately for men and women with no prior
CAD documentation, by age group and anginal class and normalized for Framingham
risk factors (81). These probabilities are replicated in Fig. 1 (gray columns) and com-
pared to CAD prevalence in the WISE women, adjusted for diabetes, total cholesterol,
smoking, and hypertension (black columns).

First, the results demonstrate the expected increase of CAD prevalence with age.
Second, the hypothesized relationship between anginal classification and CAD only
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Table 1
Demographics and Risk Factors by Presence of CAD for WISE Women

No CAD n = 354 CAD n = 127 p*

Age (mean ± SD) 56 ± 10 62 ± 11 <0.0001
Systolic blood pressure (mean ± SD) 135 ± 20 139 ± 22 0.05
Total cholesterol (mean ± SD) 196 ± 44 202 ± 51 0.26
Body mass index (mean ± SD) 29.6 ± 6.6 29.0 ± 5.8 0.38
Diabetes (%) 14 32 <0.0001
Race (non-white) (%) 14 24 0.01
Postmenopausal (%) 72 82 0.02
History of dyslipidemia (%) 43 55 0.02
History of hypertension (%) 52 63 0.02
On HRT (%) 44 33 0.03
Reports high stress last 5 years (%) 36 28 0.10
History of smoking (%) 48 50 0.65
Family CAD history (%) 66 66 0.94

* p-values based on t-tests for continuous variables and chi-squares for frequencies.
SD, standard deviation.



begins to appear in the 55- to 65-year group and becomes more pronounced with
increasing age. Finally, in all four age groups, the probability and prevalence slopes
consistently cross, such that WISE women with nonanginal chest pain had nearly dou-
ble the CAD frequency predicted by CASS, despite the overall lower prevalence. The
probability and prevalence distributions were significantly different in all age groups (p
= 0.0001, using the Jonckheere-Terpstra test). We can conclude that in this pilot group
of women with chest pain referred for clinical ischemia evaluation, anginal chest pain
evaluation was only a weak CAD predictor, and only among women over 55 years of
age. Among younger women, anginal chest pain classification did not track with CAD.
These results are consistent with prior work that suggests inherent pathophysiological
differences between young men and women that tend to equalize when women lose
female hormone protection after menopause (49,82).

Table 2 lists the three variables that underly the anginal classification: substernal
pain, effort or stress triggers, and relief with rest or nitroglycerin. These variables were
evaluated for all women combined, then for women below and above age 55. Notably,
although these variables approached significance in predicting CAD among women
above age 55, they did not predict CAD in younger women, with the possible exception
of effort or stress triggers. These results confirm the previous findings that the compos-
ite CASS anginal symptom classification only predicts CAD in older women.
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Fig. 1. Probability vs prevalence of coronary artery disease (CAD) by anginal classification and by
age. (From ref. 81.) Typ Ang, typical angina; Atyp Ang, atypical angina; Nonang, nonanginal;
Asympt, asymptomatic.



Pilot Results from the WISE Chest Pain Questionnaire
Next, we evaluated the relationship of other pain descriptors with CAD (Table 3).

Among the 65 discomfort items on this questionnaire, only 8 significantly distin-
guished among women with and without CAD. Most of these items were negatively
associated with CAD, such that the presence of these symptoms tended to indicate
CAD absence. Hence, neck pain, weakness, fatigue, palpitations, knife-like pain,
sweating, and emotional triggers were significantly less common in women with CAD
than in women without CAD. When analyzed by age group, each group emerged with a
separate set of significant symptoms. For women above age 55, neck pain was again
negatively associated with CAD, whereas upper body exertion and relief with nitro-
glycerin were positively predictive of CAD. By contrast, younger women with CAD
experienced an array of significant symptoms, primarily focused on the arm, shoulder,
and hands. For these women, symptom descriptions of heaviness, tightness, numbness,
or burning were positively related to CAD, whereas weakness, fatigue, and faintness
were negatively related to CAD.

In summary, pilot results from the WISE study confirm published findings that
women with CAD experience a wide variety of symptoms. This reality is complicated
by a woman’s age. In older women, the traditional anginal classifications are moder-
ately predictive of CAD, although not as strongly as prior studies have suggested.
WISE has identified additional symptom variables which, when added to the traditional
angina questionnaire, might improve prediction for older women. By contrast, tradi-
tional angina variables are not CAD predictive in younger women, either individually
or combined. Younger women’s symptoms seem to focus more on arms, shoulders,
hands, have nonspecific triggers or relief sources, with a range of descriptive manifes-
tations. WISE is currently investigating the results’ validity against the possibility of
type I error (i.e., finding a significant difference between two groups when none, in
fact, is present). Such an error is likely when numerous statistical tests find only a few
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Table 2
Angina Indicators by Presence of CAD for WISE Women

No CAD CAD p*

All women n = 354 n = 127
Pain center chest (substernal) (%) 62 71 0.09
Pain with effort or stress (%) 50 63 0.02
Relief with rest or nitroglycerine (%) 72 80 0.11

Older women (≥55 years) n = 180 n = 93
Pain center chest (substernal) (%) 63 74 0.07
Pain with effort or stress (%) 53 63 0.09
Relief with rest or nitroglycerine (%) 67 81 0.02

Younger women (<55 years) n = 174 n = 34
Pain center chest (substernal) (%) 61 62 0.98
Pain with effort or stress (%) 48 62 0.15
Relief with rest or nitroglycerine (%) 78 76 0.83

* p-values based on chi-squares for frequencies.



significant effects. To verify the results, we are currently testing pilot group results in
the larger WISE population and in a non-WISE sample of women clinically referred
for coronary angiography.

SUMMARY AND CONCLUSIONS

Review of the extensive research on CAD symptomology literature in women con-
firms the consensus that women experience CAD differently from men. However, there
is very little agreement among studies regarding the specific symptom locations and
descriptors, and no attempt has successfully identified a unified female pattern angina
classification. The lower CAD incidence in women, particularly younger women, and
the wide range of symptom presentations are partly responsible for the belief that

Chapter 10 / Clinical Risk Assessment 137

Table 3
Significant WISE Pain Indicators by Presence of CAD in WISE Women

No CAD CAD p*

All women n = 337 n = 98
Location:

Neck 55 41 0.01
Description:

Weakness, fatigue 63 47 0.004
Palpitations 62 46 0.006
Sharp knife 28 18 0.04
Sweating 44 33 0.04

Triggers:
Strong emotion 60 48 0.04

Relief:
Nitroglycerin 25 38 0.01

Older women (≥55 years) n = 169 n = 69
Location:

Neck 56 35 0.003
Triggers:

Upper body exertion 29 45 0.02
Relief:

Nitroglycerin 22 37 0.02

Younger women (<55 years) n = 168 n = 29
Location:

Arm or shoulder 63 86 0.02
Hands 46 69 0.02

Description:
Weakness/fatigue/faintness 70 38 0.001
Burning 16 38 0.007
Numbness 28 52 0.01
Tightness 61 83 0.02
Heaviness 79 93 0.04

p-values based on chi-squares for frequencies.



including women in clinical investigations would add unnecessary randomness or
noise. This would somewhat explain why women have tended to be excluded from
prior studies.

The WISE study has developed a large contemporary database on women clinically
referred for angiography for ischemia evaluation. One of its aims has been to study
CAD symptom presentation in women, and the present report is a first step toward the
systematic assessment of female pattern angina. From the outset, WISE has recognized
the role of age and reproductive variables in predicting CAD in women (83). The pre-
sent analysis extends this finding to the role of age in symptom presentation. The
results suggest that CAD symptoms become more similar to the male model with
increasing age, postmenopause, lending renewed evidence for the role of reproductive
hormones in female CAD. Regarding significant variables from the WISE symptom
questionnaire, we are currently validating our findings in other populations, with the
goal to develop an angina classification that facilitates clinical risk assessment for
CAD in all women.
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INTRODUCTION

Coronary artery disease (CAD) is a chronic condition without a cure. The funda-
mental goals in treating patients with coronary disease are to maximize their survival
duration and to optimize the quality of that survival. Thus, a principal goal in treating
patients with heart disease is to alleviate symptoms, improve function, and maximize
quality of life. The ways in which a disease manifests itself to patients (i.e., their symp-
toms, function, and quality of life) is collectively referred to as health status.

Developing a chapter on health status assessment in women is particularly challeng-
ing because of the limitations in available data. Although clinical trials are currently the
best source of health status outcomes data, health status assessment in clinical trials of
cardiovascular treatment have been limited in both their frequency and scope. All too
often, the endpoints of clinical trials focus on surrogate physiological or anatomical
markers of disease state, rather than clinically meaningful outcomes (1), or when out-
comes are included, they track only survival or hospitalization events, not health status
(2). When clinical trials do include assessments of patients’ health status, these are
often limited. Although some health status measures, such as the New York Heart Asso-
ciation (NYHA) classification for congestive heart failure (CHF) (3) or the Canadian
Cardiovascular Society Classification (4) of angina have been used, the field of health
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status assessment has matured substantially since the late 1980s (5,6), and many of the
currently available disease-specific instruments have only become available since the
1990s. Additionally, describing the health status of women with cardiovascular disease
(CVD) is problematic because women have been underrepresented in clinical trials,
further limiting the availability of health status data in women (7). Finally, essentially
no methodological work that qualitatively seeks to differentiate health status acquisi-
tion between men and women has been conducted. (The ongoing female-only
Women’s Ischemia Study Evaluation [WISE] is a notable exception [8]). Despite these
readily acknowledged limitations, the import of health status is such that a thoughtful
discussion should be attempted. Therefore, this chapter describes the range of health
status outcomes, outlines the methods and required attributes in quantifying these out-
comes, articulates gender-specific considerations in health status acquisition among
women, illustrates what is currently known about female health status outcomes, and
suggests recommendations for future researchers interested in advancing the field.

CONCEPTUALIZING HEALTH STATUS AND QUALITY OF LIFE

The nomenclature surrounding health status is confusing. Health status, quality of
life, health-related quality of life, and other terms are frequently used interchangeably
in the literature to describe the ways in which a disease can affect patients. In their
review, Gill and Feinstein found that the term quality of life was substituted for terms
such as health status or functional status, often confusing the meaning of both (9). We
refer to health status as the way in which a disease manifests itself to patients in their
daily lives—their symptoms, ability to function, and quality of life. Figure 1 places
health status within the context of other meaningful disease outcomes: further progres-
sion of the disease, costs, and satisfaction.

Within the range of health status outcomes, we conceptualize symptoms, functions,
and quality of life as unique domains, which allows each domain to be independently
quantified and allows the relationships between different domains with other clinical
variables and each other to be directly examined. Figure 2 represents a modified version
of Wilson and Cleary’s model integrating clinical and health status characteristics (10).
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Although an underlying disease process precipitated by vascular dysfunction, inflam-
mation, and atherosclerotic plaque deposition, can be the underlying substrate for CAD,
these processes are usually hidden from the patient’s perspective. We conceptualize
health status as being those disease manifestations that are directly perceived by the
patient. In this model, symptoms can refer to generic concepts, such as pain, or may
focus in particular instruments on those symptoms directly referrable to the disease
being studied (e.g., angina). Functional status refers to the physical, emotional, and
social consequences of the disease process. It often includes an assessment of routine
activities and functions, such as walking or interacting with family (11). The greater the
patients’ symptoms, the more likely the disease will interfere with their ability to func-
tion. Yet, functional status is not necessarily the same as quality of life. Although func-
tional status is often estimated or measured by constructs that are external to the patients
themselves, quality of life is not. For example, physical function can be assessed with an
exercise test, and social function can be evaluated with a structured interview with fam-
ily and friends. Quality of life, however, can only be assessed by  patients themselves.

Quality of life is a complex concept that can mean different things to different peo-
ple (9,12). We conceptualize quality of life as representing patients’ unique perspec-
tives on whether they are currently living in a meaningful and satisfying way. It is
inversely related to the discrepancy between patients’ assessments of their current
functioning and their desired functioning, such that the larger the gap between current
function and how they would like or expect to function, the worse their quality of life.
For example, an elderly retired woman with occasional angina that limits her ability to
walk more than two blocks may not be particularly bothered by this limitation if her
routine daily activities do not exceed her angina threshold. Consequently, she may have
a well-preserved quality of life. A 38-year-old manual laborer, on the other hand, might
find similar limitations devastating and have a very poor quality of life, despite similar
symptoms and functioning in comparison to her senior counterpart. Thus, only through
the direct solicitation of patients can the quality of their lives be assessed.

It is important to note that although a direct linear relationship is suggested among
the different components of health status in Fig. 2, the true association is much more
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complex. For example, whereas functional status is depicted as being determined pri-
marily by symptoms, depression—a manifestation of poor mental functioning—is
associated with worse symptoms (13) and can even serve as a risk factor for the initial
development of CAD (14,15).

QUANTIFYING HEALTH STATUS: TYPES OF INSTRUMENTS 
AND REQUIRED ATTRIBUTES

A variety of techniques and measures are used to quantify patients’ health status
(16). The selection of appropriate measures requires an understanding of an interven-
tion’s expected benefits, an understanding of the study population, and a clear formula-
tion of what kind of data, potential analyses, and interpretations are desired from the
investigation. Three broad classes of patient-centered instruments can be used to assess
health status in patients: generic health status measures, disease-specific health status
measures, and utilities.

Types of Health Status Measures
GENERIC HEALTH STATUS MEASURES

Generic health status instruments capture patients’ perceptions of how their overall
health affects their lives. Measured symptoms often include global concepts, such as
pain and fatigue, that can be manifestations of multiple disease processes. No attempt
is made to attribute which of a patient’s comorbidities is responsible for particular
symptoms or functional limitations. Consequently, generic measures of health status
broadly assess the impact of patients’ overall health on their function across various
diseases and patient populations. The universal applicability of items addressed by a
generic health status measure allows the effects of different treatments or health inter-
ventions to be quantified and compared (11,17,18). An advantage of generic health sta-
tus measures over more focused disease-specific measures is that generic measures can
detect the impact of medication’s side effects that occur outside of the cardiovascular
system. Because generic measures provide a common metric with which to compare
the impact of one disease and its treatment with those of another, they are frequently
used in population-based health assessments, which allows the health status of a study
population to be benchmarked against national norms. Examples of generic health sta-
tus measures used in CAD include the Short Form (SF)-36 (19), the Sickness Impact
Profile (20), and the Duke Activity Status Index (21).

Because these instruments measure overall health status, including the effect of
patients’ comorbid conditions as well as their CAD, they tend to be less sensitive than
disease-specific measures in quantifying the changes in health status realized by inter-
ventions directed at only one of a patient’s comorbid conditions (5,17,22). For exam-
ple, a patient with extensive multivessel coronary disease and severe rheumatoid
arthritis may have physical function limitations as the result of both angina and joint
pain. If successful coronary revascularization is performed, and the patient’s angina is
completely eliminated, the patient may still be limited by her arthritic pain. A generic
health status measure may not detect an improvement after revascularization despite
the intervention’s success. Consequently, generic measures may fail to capture changes
in a particular disease’s status, which patients and their physicians might consider to be
clinically important.
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DISEASE-SPECIFIC HEALTH STATUS MEASURES

Disease-specific measures are designed to assess specific groups or patient popula-
tions, often with the goal of focusing on clinically meaningful aspects of the disease
being studied (5,17). Such measures can be more responsive to changes in patients’
health partly because they highlight more relevant manifestations of the illness and
partly because they can tailor their response categories to a more relevant range of
function than generic measures (11). This allows disease-specific instruments to tap the
areas of life that are most relevant to a specific illness or condition (e.g., CAD), certain
patient population (e.g., elderly), area of function (e.g., sleep), or symptoms (e.g.,
angina) (5). Because these instruments typically address those domains of health that
are focused on by clinicians, the domains of disease-specific instruments also tend to
be more interpretable than the domains captured by generic measures. For example, the
clinical interpretations of “anginal frequency” and the “physical limitations due to
angina” are more tangible to clinicians than broad concepts of “emotional role func-
tioning” and “vitality.” Hence, disease-specific data are often more “actionable” (i.e.,
they “make sense” and/or suggest a course of therapeutic intervention) than more
abstract generic health status domains.

In CVD patients, disease-specific instruments are more responsive than generic
measures to changes in patients’ cardiovascular symptoms (23,24), which is particu-
larly important when a therapy is tested in patients with comorbid conditions. In the
example of the patient with both severe arthritis and coronary disease as mentioned
previously, a disease-specific measure should be able to quantify the improvements in
physical functioning gained from the coronary revascularization procedure, whereas a
generic measure may not.

UTILITIES

Utilities are used in economic and decision analyses to modify survival duration by
the quality of that survival. They seek to represent the sum total of a patient’s health
status into a single number. By convention, a utility value of 1 is assigned to perfect
health, whereas a value of 0 is assigned to death (25).

Defining utilities for patients can be both theoretically and practically challenging.
Several techniques have been developed to assist in the acquisition of patients’ utilities.
The most widely accepted approach is the Standard Gamble because it conforms to the
Von Neumann and Morgenstern model for making decisions under uncertain condi-
tions (26). However, recent work has demonstrated that human behavior may not con-
form to the theoretical models used for the Standard Gamble, and, thus, other
approaches to describe health status values have been developed (27–33). The simplest
techniques currently used to measure utilities are questionnaires that are weighted by
societal preferences in order to derive a utility value. Two of the more prominent exam-
ples include the Health Utility Index (34,35) and the EuroQOL or EQ-5D (36).

Required Attributes of Health Status Measures
Although researchers would often like to design new instruments for their studies,

existing measures should be used whenever possible. The rationale for this approach is
that before an instrument can be used, it should be explicitly demonstrated as valid
(measure what it is supposed to), reliable (provide reproducible assessments in stable
patients over time), responsive (sensitive to clinically important change), and inter-
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pretable (understanding of the prognostic implications of score or insights into the clin-
ical significance of changes in score). Furthermore, established metrics enable compar-
isons of different studies and treatments on the same scale. When selecting a measure
for use, a range of design and performance characteristics should be considered.

VALIDITY

Validity refers to the ability of the instrument’s domains to measure what they are
supposed to. Validity types include content validity, face validity, criterion validity, and
construct validity (5). Content validity refers to the extent to which the domains of
interest are comprehensively sampled by items or questions in the measure. Content
validity may vary by purpose. For example, to assess a population’s general health, a
generic health status measure (e.g., Sickness Impact Profile) might have good content
validity (20). However, it might not have good content validity for a study of coronary
disease patients where an angina frequency assessment would be very important. Face
validity reflects whether an instrument appears to measure what it is supposed to. Items
should be clinically reasonable and have “common sense,” often from a clinician’s per-
spective; this determines the face validity of a health status instrument. Criterion valid-
ity refers to whether an instrument is measuring what it is intended to by comparing the
instrument results with those of a “gold” standard. Because of the highly personal
nature of patients’ experiences with their illness, identifying criterion standards for
comparison are seldom accomplished. In the absence of a criterion standard, the valid-
ity of health status measures is often established using the concept of construct validity.
Construct validity consists of comparisons between different measures that quantify a
similar health status dimension, predicting logical relationships between population
measures or characteristics and comparing questionnaire responses with these mea-
sures.

RELIABILITY

Reliability can refer to either the internal consistency of a measure or its repro-
ducibility. Internal reliability describes whether or not the instrument items quantify a
concept homogeneously, i.e., all the items within a given domain are measuring the
same construct. It is usually quantified by examining Chronbach’s alpha (range 0–1),
where an internally consistent domain is considered to have a value of 0.8 (37). In con-
trast, reproducibility refers to the consistency of answers over time in stable patients.
Guyatt et al. refer to a discriminative health status measure as being reliable if it has a
high signal-to-noise ratio (5). That is, the variability in scores between patients (signal)
is much greater than the variability within patients (noise). Often the noise is assessed
by repeatedly administering the same instrument on different occasions to the same
patients during a period where their underlying condition is stable. The test–retest
instrument reliability is supported by evidence of a high correlation between scores
using Pearson’s correlation coefficient, a paired t-test, or the intraclass correlation coef-
ficient (38).

RESPONSIVENESS

In contrast to reliability, responsiveness refers to the sensitivity of changes in instru-
ment scores to reflect changes in clinical status. Responsiveness is the signal in the sig-
nal-to-noise ratio, reflecting the magnitude of the score difference in patients who have
improved or deteriorated (5). Responsiveness of health status instruments can be mea-
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sured using the relative efficiency statistic (ratio of paired t statistics [39]), relative
change and its relationship to clinical change as assessed by receiver operating charac-
teristic curves (40), effect sizes (38,41), standard error of measurement (42,43), and
responsiveness statistics (ratio of minimal clinically important difference to the vari-
ability in stable subjects; [44,45]). Some argue that if an instrument is valid and reli-
able, then it must also be responsive. Yet, because of the difficulty in establishing
validity, we believe it is critically important to independently demonstrate the respon-
siveness of an instrument to change. After all, it is the instrument’s responsiveness that
is most important in serving as a sensitive endpoint in clinical applications.

INTERPRETABILITY

Interpretability identifies the meaning of a score or change in score. In the case of a
discriminative evaluation, interpretability facilitates knowing whether a certain score
indicates that a patient is functioning normally or has some degree of impairment in
health status. Interpreting discriminative measures is greatly aided with the knowledge
of normal reference ranges for clinically significant patient populations. Toward this
end, general health status measures, such as the EQ-5D or the SF-36, for which popula-
tion norms are readily available, can be useful. To facilitate its interpretation, SF-36
developers proposed transformations of scale scores, such that a score of 50 represents
the US population norm and 10-point differences represent a standard deviation from
that norm (46). An additional aid to the interpretation of a single health status score is
whether such a score is prognostically important. For example, recent work with the
Seattle Angina Questionnaire demonstrates that those patients scoring in the lowest
range of physical function (0–24 on a 100-point scale) have a fourfold risk of dying
over the next year when compared with those patients scoring in the highest range
(75–100 points), even after controlling for a wide range of clinical and sociodemo-
graphic characteristics (47).

For evaluative instruments, interpretability ascertains whether the change in scores
represent a trivial, small but important, moderate, or large improvement or deteriora-
tion (5,43). This framework focuses on the need to understand whether score changes
are clinically meaningful. How many points must a given instrument change for
patients or their physicians to validate that their condition has changed? When inter-
preting changes in scores, it is important to understand the perspective of the analysis.
Group changes refer to the mean differences in score for patient groups. The statistical
significance of such group changes is highly dependent on the numbers of patients ana-
lyzed. For example, with a sufficiently large trial, a group difference in scores of 1
point on a 100-point scale might be statistically significant. Yet, this magnitude of dif-
ference may not represent a clinically meaningful difference when changing one
response on a single item of a questionnaire might result in a scale score change of 8
points. Clarification of this distinction is particularly important when investigators seek
to summarize health status changes by extrapolating mean differences in groups to
individual patients.

GENDER-SPECIFIC CONSIDERATIONS WHEN 
QUANTIFYING HEALTH STATUS

Despite the significant methodological advances that have occurred since the 1980s
in quantifying patients’ experiences of their illness, a paucity of gender-specific infor-
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mation currently exists on the health status outcomes of women with coronary disease.
As future researchers begin to describe female health status outcomes and explore the
determinants of such outcomes, several considerations should be entertained. These
include the older age of women with coronary disease, the questionnaires’ design to
avoid gender bias, the assessment timing and the characteristics of women’s socioeco-
nomical environment that may underlie many of the perceived differences in observed
health status.

Age
In measuring the health status of women with coronary disease, it is important to

understand whether observed differences with men are, in fact, the result of gender or
whether gender is merely a marker of other sociodemographical and clinical differ-
ences that more directly affect health status. Among the important considerations is
age, because the onset of coronary disease is often at an older age among women than
for men. Women, on average, are affected by coronary disease 10–15 years later in life
than men (48), and, consequently, different issues may affect their quality of life.
Health status questionnaires may bias patient scores by selecting activities and func-
tions that are not as relevant to an older population as to a younger one. For example,
questions about work performance may be less relevant or meaningful to older adults
who are more likely to be retired. Additionally, questions about sexual function may be
less relevant to older individuals who have a higher likelihood of being widowed or
without a partner. Without explicitly using analyses that control for age and its associ-
ated characteristics, lower scores for women when compared with men might be incor-
rectly attributed to their gender rather than their age.

Gender-Neutrality of Questions
In addition, even after controlling for age, the types of activities in the physical func-

tion domain of a questionnaire might be culturally less relevant to women than men. For
example, physical activity items related to contact sports or manual labor may be less
relevant to women than men. Depending on the way the question is framed, negative
responses may be interpreted as an inability to perform certain activities, rather than a
lack of desire or need to perform them. Although the former scenario suggests poor func-
tion, the latter does not necessarily imply the same. Without carefully designed gender-
neutral items in a questionnaire, biased results among women may arise.

Timing of Health Status Assessments
Not only is a focus on age and the gender-neutrality of items important, but the tim-

ing of health status assessments may artifactually influence results as well. Women
may have different recoveries after procedures than their male counterparts (49). If
women recover from a procedure more slowly than their male counterparts, then a
lower health status may be detected if the assessment is acquired at a point in time
when men have maximally recovered and women are still continuing to improve. Sen-
sitivity to this issue is important when designing the follow-up of patients.

Confounding Sociodemographic and Clinical Considerations
Finally, women may have a different social environment than men, with higher

stress and depression levels (50–53), different levels and types of social support
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(49,54–58), or worse socioeconomic status (59,60), each of which may influence the
potential health status benefits of certain treatment strategies. Although only a small
number of studies that have tried to reveal what physiological and psychosocial fac-
tors impact quality of life in a female cardiac patient (61), if these other variables
aren’t quantified, then study results might be influenced by unmeasured confounding,
rather than a true gender effect. Lacking knowledge of the underlying reason for
apparent outcome differences between men and women limits our ability to identify
potentially modifiable factors that can improve the women’s outcomes with coronary
disease.

CURRENT KNOWLEDGE OF HEALTH STATUS 
IN WOMEN WITH CAD

The number of female myocardial infarction (MI) patients increased from 35% in
1975 to 43% in 1995 (62). Despite this increase, female representation in cardiac clini-
cal trials has not improved as dramatically (7,63), with the result that women remain
underrepresented in clinical trials (64). Given that the majority of information regard-
ing patients’ health status with CVD comes from clinical trials, little information about
women’s health status with CVD is available, and the known data may not be suffi-
ciently generalized to the female cardiac population as a whole.

One area that has been addressed is the presentation difference between men and
women with CAD. Women experience angina 47% of the time as their initial presenta-
tion when compared with 26% of men (48,65). Yet, part of the difficulty in appropri-
ately treating women with chest pain arises from the knowledge that angina is less
predictive of CAD in women than men (66,67). Importantly, more than one half of
women with ischemic heart disease symptoms have no obstructive CVD at coronary
angiography, yet these women frequently have persistent symptom-related disability
and consume large amounts of health care resources (68). Many of these women are
diagnosed with noncardiac chest pain or Syndrome X (angina, ischemic stress test
response, no obstructive CAD; 69); however, coronary microvascular dysfunction is an
alternative mechanism for their symptoms. Findings by Reis and colleagues from the
National Heart, Lung, and Blood Institute (NHLBI)-WISE study (70) reported coro-
nary microvascular dysfunction (i.e., abnormally attenuated coronary flow velocity
reserve) to be present in approx 50% of women with chest pain and no obstructive
CAD. Their findings suggest that microvascular dysfunction should be considered as a
potential etiology of chest pain, and it is associated with disability in women without
obstructive CAD. Future work will be needed to define whether such symptoms are
treatable with vasoactive therapies (70).

Generally, however, there is a paucity of information regarding health status in
women with CAD in the medical literature. One study by Herlitz et al. examined symp-
tom relief and quality of life 5 years post-CABG in women and men who underwent
CABG in Western Sweden (71). This study found that women had a higher 5-year mor-
tality rate (17% vs 13%), but both men and women had significant improvement with
respect to symptoms and quality of life. Women were found to experience more symp-
toms in terms of physical activity, dyspnea, and chest pain both prior to and after
CABG, but had more pronounced improvement than men in some aspects. In a recent
study examining the recovery of function after bypass surgery, Vaccarino and col-
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leagues demonstrated that women have a worse recovery of physical function 6 weeks
after surgery than men, particularly after controlling for baseline function. This effect
was independent of age, illness severity, presurgery health status, and other patient
characteristics (72).

Moreover, the female social and behavioral determinants of heart disease are essen-
tially unexplored (73). Previous studies have shown that a woman’s quality of life is
dependent on variables, such as social, mental, and physical activities as well as per-
ceived stress levels (61). Those that have addressed this area suggest that there are five
psychosocial domains that contribute to the pathogenesis and expression of coronary
disease: depression, anxiety, personality factors/character traits, social isolation, and
chronic life stress (74–76). A review by Elliott on the role of psychosocial stress as a
risk factor in the etiology of women’s coronary disease revealed “some evidence for an
etiologic link between psychosocial stress and coronary disease in women” (77). Fur-
ther supporting the potential confounding nature of these psychosocial characteristics
are the baseline data from the Post-CABG Biobehavioral Study, which demonstrated
women undergoing CABG to be older, less likely to be high school graduates poorer,
less likely to be married (i.e., greater difficulty in performing basic self-care activities),
have fewer social activities, and to be more anxious and depressed than men (78). The
impact of these adverse factors have not yet been reported from this investigation. Cur-
rently, most CAD health status measures do not include such risk factors in their health
status assessment, and further work is needed to properly assess the female cardiac
patient’s overall health status.

“One in ten American women between the ages of 45 and 65 years has some form of
coronary heart disease (angina or myocardial infarction)” (78a). Yet, infarcts in women
are often not recognized (79), and unrecognized MI, according to the 26-year follow-
up of the Framingham heart study, increases the chance of cardiac failure, stroke, and
death (79,80). Furthermore, women who sustain MI, both in the United States and
worldwide, have a substantial increase in morbidity and mortality, both acutely and fol-
lowing hospital discharge (81,82). Yet, further defining the impact on women in com-
parison to men and the efficacy of treatment will await future researchers and their
commitment to stratifying analyses by gender so that unique features of the impact of
cardiac disease on women’s health status can be determined.

FUTURE RESEARCH PRIORITIES

As is obvious from the previous section, much work is needed to better understand
the health status of women with coronary disease. This can be divided into (1) method-
ological work to advance our knowledge of the potentially unique impact of coronary
disease on women and (2) the acquisition of more data about health status outcomes in
general, particularly for women. Regarding the methodological challenges, the follow-
ing pressing questions can be articulated:

1. Does coronary disease affect women in the same way that it affects men? To address this
issue, qualitative work is necessary to understand the ways in which coronary disease
impacts the symptoms, function, and quality of life of women. Without such work, it will
be difficult to confirm that our current techniques for quantifying patient’s health status
will adequately capture domains that are meaningful to women (i.e., with appropriate
content validity). Of course, investigators pursuing these inquiries need to be cognizant
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of not creating questionnaires that pose such a response burden on participants that they
are impractical for large-scale research projects.

2. Are there unique psychosocial health status determinants that differentially affect the
genders? To facilitate comparisons between health status outcomes of men and women,
it is important to account for important sources of variation that could confound gender
comparisons. For example, if depression or social isolation affect men and women dif-
ferentially and also influence health status outcomes, then these need to be discovered
and measured in future observational studies and clinical trials.

3. Do current health status measures quantify different constructs in men and women? Fac-
tor analysis and other psychometrical explorations to test that current measures are
equally applicable and interpretable to both men and women should be conducted.

For practical research priorities, it is critical to have more data on the health status of
both men and women in clinical trials and observational research studies. This can be
accomplished by the following:

1. Greater inclusion of women in clinical trials. It is difficult to describe women’s health
status without data. Because the greatest source of data comes from clinical trials, the
inclusion of greater female proportions will rapidly increase current knowledge. Many
of the early cardiovascular trials were in Veteran’s hospitals, which is partly the reason
for women being essentially excluded from early trials. As a result, the US government
has sought to ensure that federally funded clinical research yields adequate high-quality
information about heart disease in women. Harris and Douglas (64) found that federal
efforts to increase women’s representation in clinical trials have been moderately suc-
cessful because of a small number of large single-sex trials involving CAD. There were
398,801 subjects, of which 215,796 were women enrolled in NHLBI-funded CVD stud-
ies. The enrollment rate for women was 54%, which exceeds the CVD prevalence in
women in the general population (49%). With single-sex trials excluded, the enrollment
rate for women was 38% (64).

2. More robust assessments of health status in clinical trials. Current clinical trial design
often overemphasizes surrogate endpoints and asserts inadequate import to the inclusion
of health status outcomes. Yet, the principal goal of therapy is to make patients live
longer and feel better through improvement of their health status (minimizing symp-
toms, improving function, and maximizing quality of life). Although the current trend in
clinical trial design is to power trials adequately for mortality endpoints, trialists often
fail to include adequate health status assessments. Not only should health status be mea-
sured serially throughout a study, but the appropriate baseline characteristics that influ-
ence quality of life (depression, social support, income, etc.) should be collected so that
observational insights from these trials may be made and appropriate subgroups ana-
lyzed with an appropriate focus on the relevant health status outcomes.

CONCLUSION

Patients with CVD need treatment to prolong their survival and improve their health
status (alleviate symptoms, maximize function, and improve their quality of life). Cur-
rent insights into the effect of coronary disease and its treatment on female health sta-
tus outcomes are limited. Through the use of valid, reliable, responsive, and
interpretable health status instruments, much understanding of patients’ perception of
their disease can be gained and used to improve their outcomes. Addressing research
gaps mentioned in this chapter has the potential to greatly enhance our understanding

Chapter 11 / Quality-of-Life Issues 153



of how women are affected by coronary disease and its treatment and how we may
leverage these insights to improve their care and outcomes.
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C. Choosing the Best Diagnostic Test 
for Women



INTRODUCTION

Whether all women with suspected coronary disease should undergo stress cardiac
imaging is an important and challenging question. It is important because women com-
prise more than 50% of our population, and coronary disease is the leading cause of
death in women. It is challenging because, although the response seems obvious to
many physicians, as evidenced by their practice patterns, the role and value of the
treadmill exercise electrocardiogram (ECG) in women is clouded by misconceptions
concerning the test’s performance characteristics and the overwhelming concern to
avoid a false-positive study. The brief answer to the above question is “no.” The follow-
ing discussion supports this answer.

ACCURACY OF THE EXERCISE ECG IN WOMEN

Prior to exploring how to select women for exercise ECG, discussing the exercise
ECG’s accuracy in women is appropriate because it lays the foundation for what is
later discussed. It is my belief that the single most important concern for most physi-
cians regarding exercise ECG application to women, and the reason why it is underuti-
lized in women in comparison to men, is the fear of the false-positive ST segment
response (i.e., poor specificity).
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Sensitivity and Specificity
Both the sensitivity and specificity of the exercise ECG in women are well docu-

mented to be lower than the respective values in men. In a 1999 meta-analysis, Kwok
et al. reported an exercise ECG sensitivity of 61% and a 69% specificity for women
without prior coronary disease (1). Ten years earlier, Gianrossi et al. had performed a
similar meta-analysis in studies where the majority of the patients considered were
men (2). The study reported a 67% sensitivity and a 72% specificity. A comparison of
these performance characteristics suggests that both are lower in women.

However, both meta-analyses used studies affected by referral bias (i.e., the prefer-
ential patient referral with positive exercise tests to coronary angiography). A prior
study from my laboratory found that, when sensitivity and specificity were statistically
adjusted for referral bias, sensitivity was in the 40–50% range, and specificity was in
the 80–90% range for both men and women (3). These findings were distinctly differ-
ent from both the unadjusted accuracy results in that study and the meta-analyses.
Froelicher et al. later confirmed this observation in a male Veterans Affairs (VA) popu-
lation by reporting that when an attempt was made to prospectively minimize referral
bias, sensitivity was 45% and specificity was 85% (4).

In a subsequent analysis, using the same studies from the meta-analysis of Gianrossi
et al. and Froelicher et al. found a relationship between both sensitivity and specificity,
along with the frequency of a positive exercise ST-segment response (5). They consid-
ered the frequency of a positive test to be a surrogate marker for referral bias. This rela-
tionship suggests that referral bias should lead to an overestimation of sensitivity and
an underestimation of specificity, exactly as predicted by the prior studies.

Unfortunately, a female study comparable to the Froelicher et al. study (4) does not
exist and is unlikely to be accomplished in the foreseeable future. Nevertheless, data
from our prior report suggests the following conclusions concerning referral bias in
women (3). First, even after adjustment for referral bias, sensitivity and specificity are
still lower in women in comparison to men. Second, the referral bias effects were simi-
lar in men and women, suggesting that referral bias is not an explanation for the male
and female differences.

Many reasons have been proposed for the lower accuracy of exercise testing in
women. As stated earlier, referral bias is not likely a factor. The lower sensitivity has
been attributed to a lower prevalence and severity of coronary disease in women, that
is, lower disease frequency and multivessel disease frequency makes it difficult to find
those individual women with disease. Lower exercise capacity and a lower ECG volt-
age have also been proposed as reasons for lower sensitivity. Lower specificity has
been most recently attributed to hormonal differences between men and women.

Hormonal Effects on Accuracy
Because of its structural similarity to digitalis, a well-documented producer of false-

positive exercise tests, estrogen has been assumed to be the source of false-positive
exercise tests or the lower female specificity. The first clinical evaluation of this
hypothesis was by Jaffe (6), who evaluated 33 men and 18 women that had abnormal
ECGs prior to any medication. He found that the immediate postexercise ECGs (Mas-
ters test) revealed further hormone associated worsening of the ST-segment response in
90% of the subjects, irrespective of the estrogen replacement type they received (i.e.,
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conjugated or synthetic estrogens or a combination of estrogen and progestin. A more
recent study by Rosano et al. (7) investigated 11 postmenopausal women with coronary
atherosclerosis and abnormal exercise ST-segment responses and found a different
result from Jaffe. They found that sublingual estradiol reduced the ST-segment
response to exercise. In 109 women with normal coronary angiograms (8), my labora-
tory found an independent association between a positive exercise ST-segment
response and the presence of estrogen replacement therapy (ERT) at the time of the
exercise test. However, no such association was found for premenopausal women. We
later reported that unselected postmenopausal women on ERT during the time of the
exercise test had a significantly lower specificity than premenopausal women, as well
as postmenopausal women not receiving ERT (9). In fact, the specificity in the pre-
menopausal women was not different than the male specificity.

As a follow-up, our group later reported that in 385 women on either ERT or no
medication at all, progestin with estrogen (but not estrogen alone) was an independent
predictor of a positive exercise ST-segment response (10). This would be consistent
with data from monkeys, indicating that medroxyprogesterone diminishes the estrogen
effect on endothelium-dependent coronary vasodilation (11), along with two human
female studies (12,13). Very recently, Rovang et al. (14) published the results of a
prospective study in 47 postmenopausal women with normal exercise echocardio-
grams. They noted that 20% of these women converted from a normal to an abnormal
exercise ST-segment response while receiving ERT.

What can be concluded from the available data concerning ERT and the exercise
ECG? First, pharmacological ERT seems to have a specificity effect on the ST-segment
response to exercise. Second, in women with coronary disease, estrogen has an anti-
ischemic effect on exercise-induced ST-segment changes, consistent with accumulat-
ing evidence that estradiol potentiates endothelium-dependent coronary vasodilation in
women (15,16). This effect is counteracted by synthetic progestins. Therefore, from
currently available literature, it is possible that ERT may have a dual effect on the accu-
racy of the exercise ST-segment response. There is potential for estrogen to decrease
sensitivity through a tendency to reduce ischemia and, conversely, for progestin to
decrease specificity through a tendency to promote ischemia.

Other Accuracy Considerations
Prior to a change in discussion, several other factors regarding accuracy are signifi-

cant. Although sensitivity and specificity are the accepted standards for defining a test’s
performance characteristics, they do not represent how well the test answers clinically
relevant questions. For example, specificity asks the following question: “How likely
is it that a patient without a disease will have a negative test?” This is not a clinically
relevant question. The relevant question would be: “How likely is it that a patient with
a negative test will have no disease?” Here is the essence of negative predictive value.
Its converse positive predictive value asks, “How likely is it that a patient with a posi-
tive test will have disease?” Unfortunately, unlike sensitivity and specificity, predic-
tive value varies according to disease prevalence or pretest probability. However, if
pretest probability is accounted for, then predictive value becomes very important in
interpreting the test results and determining the test’s usefulness in individual patient
decisions.
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The performance characteristics of sensitivity and specificity reflect accuracy using
only one variable, namely, ST-segment changes. Obviously, the exercise test interpreta-
tion should incorporate more than simply ST-segment depression. When incorporated
into multivariable models, exercise ECG variables, including ST-segment change, have
incremental diagnostic value over clinical female variables (e.g., age, symptoms, and
risk factors) (17,18). Despite the lower sensitivity and specificity of ST-segment
depression in women, when considered with clinical variables, these models have
equivalent diagnostic value in men and women, which serves as a basis for the subse-
quent discussion of exercise test multivariable scores.

CANDIDATES FOR STRESS IMAGING AS INITIAL TEST

There are female groups for whom initial stress cardiac imaging is preferred over the
simple treadmill exercise ECG. Women who cannot exercise need pharmacological
stress imaging simply because pharmacological stress ECG as its own option does not
exist. This constitutes 30–40% of women who present with suspected coronary disease.

Similarly, women with uninterpretable ECGs as defined by the American College of
Cardiology/American Heart Association (ACC/AHA) guidelines (complete left-bundle
branch block, Wolff-Parkinson-White syndrome, electronically paced rhythm, and ST-
segment depression ≥ 1 mm) constitute 1–2% of women able to exercise. These women
should undergo initial exercise imaging.

Women with other specific electrocardiographic abnormalities not previously men-
tioned require further explanation. Those with minor ST-segment depression (<1 mm)
do not require imaging (2–3%). Those with right-bundle branch block (1–2%) also do
not require imaging, although the right-sided precordial leads (V1–V3), which often
manifest a false-positive ST-segment response, should be ignored. Those women
receiving digitalis preparations; those with voltage criteria for left ventricular hypertro-
phy, but < 1 mm ST-segment depression; or those with lateral lead T-wave inversions
without ST-segment depression all have reliable negative ST-segment responses. The
problem exists in the frequent positive ST-segment responses. Until further studies
clarify this situation, women with any of these three scenarios (5–7%) should likely
undergo initial stress imaging. The approx 60% of remaining women with suspected
CAD are potential candidates for initial exercise ECG.

SELECTING WOMEN FOR EXERCISE ECG AS THE INITIAL TEST

ACC/AHA Guidelines
Guidelines published in 1986 classified the use of the exercise ECG in women for

diagnostic purposes as Class II (19). In other words, there was a divergence of opinion
regarding the value and appropriateness of the test. As a comparison, exercise ECG’s
use in men was classified as Class I (i.e., consensus agreement that it was indicated).

The next revision to the guidelines, which did not appear until 1997 (20), explicitly
stated that, despite the greater frequency of false-positive tests, there are “currently
insufficient data to justify routine stress imaging tests as the initial test for CAD in
women.” This is a significant change from the previous guidelines. Additionally, these
guidelines emphasize that women as well as men with suspected coronary disease
symptoms and an intermediate pretest probability of CAD have a Class I indication. On
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the other hand, women and men with a low- or high-pretest probability have a Class IIb
indication (i.e., its usefulness is less well-established by evidence or opinion).
Although not a ringing endorsement as with the intermediate-pretest probability
women, nevertheless, it is not a Class III indication (i.e., general agreement that exer-
cise testing is ineffective). In lieu of randomized studies that assess health outcomes for
diagnostic tests, these indications were based primarily on the potential effect of the
exercise ECG’s result on diagnostic outcome.

Intermediate probability patients were assigned a Class I indication because of the
well-established Bayesian principle that populations with an intermediate disease
prevalence will have the greater diagnostic impact or incremental value from a test
result. A recently published study (21) has demonstrated that the incremental value of
exercise ECG in intermediate probability patients is quite substantial. In contrast, it
was difficult to document significant incremental value for the exercise test in the low-
and high-pretest probability groups. Does this mean that there is no value to perform
this test in all low or high probability patients? The short answer is “no.” The extensive
answer is developed in the following section.

Estimating Pretest Probability
For most clinicians, the problem has been how to most effectively apply the exercise

ECG, particularly for women. Until this time, most have chosen to solve this dilemma
by using exercise imaging. The ACC/AHA guidelines suggest to start with pretest
probability, recommending the Diamond-Forrester method, which incorporates age,
sex, and symptoms to estimate low-, intermediate-, or high-pretest probability status.
This familiar and validated method requires a table to translate clinical variables into
probability groups.

Another method to estimate pretest probability allows for the consideration of other
risk factors, including diabetes, estrogen status, and others, as well as age, sex, and
symptoms (22,23). This pretest score could be memorized and calculated while a his-
tory is being taken. The point total of 0–24 is well-calibrated with coronary disease
prevalence (i.e., low scores mean low prevalence, high scores mean high prevalence,
etc.) and compares well with the Diamond-Forrester method for grouping patients into
low-, intermediate-, and high-pretest probability groups (24).

Test Characteristics
Once the pretest probability group is determined, the clinician must decide if the

exercise ECG provides an adequate response as to whether coronary disease is likely to
be present or not. Because noninvasive tests do not provide complete assurance that a
negative or positive test result is true, the principles of probability analysis can be used
as a guide.

Figure 1 is a scatter plot of data from more than 2500 women from West Virginia
University School of Medicine. Plotted is the probability of coronary disease after an
exercise ECG (postexercise test probability) as a function of the coronary disease
pretest probability. These pre- and postexercise test probabilities were calculated from
previously published and validated equations (18,22). They incorporate many standard
clinical and exercise test variables, such as ST-segment depression, ST-segment slope,
and peak exercise heart rate. The diagonal line ascending from the point of origin rep-
resents the line of identity where the exercise test results did not change a woman’s
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probability. Points that fall below this line represent women whose test results lowered
their disease probability. Conversely, points that are above this line represent women
whose test results raised their probability of disease. The outer edges of this plot repre-
sent the extreme negative and positive test results. Particularly, the lower edge (drawn
with arrow) represents the lowest attainable probability from the exercise ECG for any
level of pretest probability, which is a reflection of the negative predictive value. This
curve, ascending gradually from left to right, suggests that as pretest probability
increases, negative predictive value decreases (i.e., the lowest attainable posttest proba-
bility rises). A prior study has confirmed this association (21).

The reason for emphasis on negative predictive value should be clear. For most
screening tests, results are reported as positive or negative because of the selection of a
cutpoint with a defined sensitivity and specificity. For a screening test to have clinical
value, it should have a high-negative predictive value. High-positive predictive value is
good, but false-positives are generally dealt with effectively by ordering another test.
This is a manageable situation as long as the frequency of false-positive studies is not
very high. Anything other than a low false-negative rate (or high-negative predictive
value) is unacceptable, resulting from the fact that, because consideration of the dis-
ease-of-inerest’s presence will generally cease, an unacceptable number of diseased
patients will be missed when the false-negative rate is not low. Therefore, a negative
screening result should have accurate meaning with a high degree of confidence.

Returning to Fig. 1, darker straight lines mark the respective borders between low-
and intermediate-probability zones and intermediate- and high-probability zones for
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into a grid of nine sections labeled a through i. See text for further discussion.



both pretest (vertical lines) and postexercise test (horizontal lines) probability. The
intermediate-to-high probability border of 0.70 was selected as suggested by a prior
cost-effectiveness analysis (25). The low-to-intermediate probability border of 0.10
was suggested by Diamond et al. (26) The resultant grid has nine sections that repre-
sent different ranges of pre- and postexercise test probability, each with different clini-
cal implications.

Test Selection
Given that the ACC/AHA guidelines suggest that intermediate-pretest probability

patients have a Class I indication for exercise ECG, this group is considered first (sec-
tions d, e, and f in Fig. 1). Approximately one-third of women who present for diagnos-
tic exercise testing will have an intermediate-pretest probability (21). Those
high-posttest probability women (section f), should be considered to have coronary dis-
ease and rightfully referred for angiography. For those in sections d and e, the manage-
ment is less straightforward. As reported previously (21), the negative predictive value
in intermediate-pretest probability women is between 70 and 80%, which is unaccept-
ably low. This same report also indicates that negative predictive value varies within
the intermediate-pretest probability group, such that it falls as pretest probability
increases within the intermediate-pretest probability range. The curved line in Fig. 1 is
also consistent with this. According to Fig. 1, only those women with a pretest proba-
bility between 10 and 25% had any chance of having a posttest probability below 10%.
Therefore, for these women at the lower end of the intermediate-pretest group, initial
exercise ECG might be appropriate because of the acceptable negative predictive value.
However, women in the upper two-thirds of the intermediate group might need a differ-
ent initial strategy with better negative predictive value (e.g., exercise imaging). Those
women who fall into section d have a low posttest probability and should have their
chest pain evaluation consider diagnoses other than coronary disease. Given that a
large percentage of intermediate-pretest probability women end up in section e (i.e.,
intermediate-posttest probability), an initial strategy of exercise imaging plus exercise
ECG may be appropriate. However, further studies are needed to resolve this question,
as well as the optimal approach to intermediate-pretest probability women.

Next, consider the high-pretest probability group (sections g, h, and i in Fig. 1), cate-
gorized by the ACC/AHA guidelines as having a Class IIb indication for exercise ECG.
Approximately 5–10% of women who present for diagnostic exercise testing will have a
high-pretest probability (21). As with section f noted earlier, those women falling into
section i (high-posttest probability) should be considered for coronary angiography.
However, the more important question is whether exercise ECG should be performed at
all in high-pretest probability women. First, no woman in this cohort was transformed
from high-pretest to low-posttest probability. Second, prior studies have demonstrated
that the negative predictive value in high-pretest probability women is extremely poor
(30–40%; 21), which is suggested by the curve in Fig. 1. Third, the frequency of negative
exercise ECGs in this same group is not small (40–50%). In other words, if high-pretest
probability women have little chance of being categorized as having a low-postexercise
test probability and a large frequency of potentially false-negative tests, why should
exercise testing be performed at all? Because of these considerations, from a practical
standpoint, one can make a case for a strategy of initial coronary angiography prior to
any exercise testing consideration. This is supported by two cost-effectiveness analyses
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(25,27). On the contrary, it has been suggested that initial exercise testing be considered
as a means of risk-stratifying these patients into medical and revascularization therapy
groups, assuming that coronary disease is present and that the principal issue is disease
severity (28,29). This approach could have merit in the appropriate clinical setting, but it
needs to be validated in a prospective trial.

Finally, consider the low-pretest probability group (sections a, b, and c in Fig. 1),
also categorized by the ACC/AHA guidelines as having a Class IIb indication for exer-
cise ECG. More than one-half of women who present for diagnostic exercise testing
will have a low-pretest probability (21). As can be seen in section c, no patient in this
cohort was transformed from low-pretest to high-posttest probability, which directly
addresses the low-positive predictive value in low-pretest probability women. It should
also be noted that a very large percentage of low-pretest probability women are con-
centrated in section a. Prior studies indicate that 85% of low-pretest probability women
will have a negative exercise ECG (21), being consistent with this distribution in sec-
tion a. These women are unlikely to have coronary disease that provides explanation of
their symptoms. Section b likely represents the 15% of low-pretest probability women
with an abnormal exercise ECG, who would be candidates for follow-up exercise
imaging to resolve whether their abnormal exercise ECG response is a false-positive.

Suggestions concerning how to evaluate women with a low-pretest probability of
coronary disease vary from no cardiac testing (29), to exercise echocardiography (27),
to exercise ECG (21,28,30). A recent AHA Science Advisory recommended exercise
ECG in low-risk/low-likelihood patients presenting to chest pain centers (31). My
strategy is similar to the strategy proposed by Shaw et al. (30). Without prospective tri-
als, it is not possible to state which approach would be the most effective.

Likely, some combination of all three approaches has merit. From Fig. 1, it is diffi-
cult to clarify which women begin and end in section a. These are the women least
likely to benefit from screening stress testing. This point is discussed in the next section
when considering exercise test scores. In considering exercise echocardiography, it is
likely that the associated negative predictive value would be very high (>95%). How-
ever, exercise ECG also has a very high-negative predictive value (>95%) in low-
pretest probability women (21). Those low-probability women with abnormal exercise
ECGs would be candidates for either exercise echocardiography or nuclear perfusion
imaging. When negative predictive value is very high, a negative test result can be reas-
suring to both physicians and patients that the coronary disease probability is very low.
Unfortunately, this type of value is difficult to measure. Suffice it to say, a randomized
trial would be of great value.

Exercise Test Scores
Presently, methods to estimate postexercise test probability, as displayed in Fig. 1,

are not user-friendly. The ACC/AHA guidelines urge physicians to use “more than just
the ST-segment in interpreting the exercise test…” They suggest several multivariable
equations, but concede that their use is limited.

A simple user-friendly exercise test score that is comparable to the pretest score
mentioned previously has been developed for use in women (32). A similar but sepa-
rate score has also been developed for men (33). These scores are presently undergo-
ing validation to assure their accuracy in other populations. The scores include both
clinical and treadmill test variables specific to women and men. The exercise test
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variables included in the scores for men and women are the same, but they are
weighted differently.

Figure 2 is a plot using data from the same women in Fig. 1. However, instead of
plotting posttest probability as a function of pretest probability, exercise test score is
plotted as a function of pretest score. This scatter plot approximates the visual proba-
bility distribution shown in Fig. 1. Similar to Fig. 1, pre- and posttest cutpoints separat-
ing low from intermediate and intermediate from high probability women are
superimposed. The true impact of this approach awaits further studies, but the potential
for its use is apparent in this figure. For example, women with a pretest score of 3 or
less should not undergo exercise testing at all. They have no chance of being trans-
formed to a higher probability group. Similarly, women with pretest scores of 14 or
higher have a very low chance of ending up in the low posttest probability group. Fur-
ther discussion of this method is forthcoming following validation studies.

WISE Study
The National Heart, Lung, and Blood Institute (NHLBI)-sponsored Women’s

Ischemia Syndrome Evaluation (WISE) study (34) is a multicentered study with goals
that are threefold: (1) optimize symptom evaluation and diagnostic testing for ischemic
heart disease; (2) explore mechanisms for symptoms and myocardial ischemia in the
absence of epicardial coronary artery stenosis; and (3) evaluate the reproductive hor-
mone influence on symptoms and diagnostic test responses. This important study
addresses issues that focus on how best to evaluate women with suspected coronary
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disease. This ongoing study has already borne fruit (35), and I anticipate more reports
in the future that address its stated goals. Additionally, the clinical syndrome presently
called microvascular angina, an important cause of chest pain in women, will come
under intense scrutiny (36).

THE NEED FOR TRIALS

At several points in this discussion, I have suggested the need for prospective trials.
In undertaking these trials, it is crucial to the field that the following principles be
steadfastly applied.

First, women (and men) should be initially stratified into low-, intermediate-, and
high-pretest probability groups using a method that is both accurate and easy to use.
Using a method that clinicians are unlikely to embrace is futile.

Second, randomization of the proposed competing strategies where potential
equipoise exists should be undertaken within each pretest probability group. Depend-
ing on potential enrollment, some limit to the number of different strategies within a
pretest probability group may have to be imposed.

Third, in the interest of fairness, each competing technology should be given the
opportunity to employ its best and most currently applicable techniques. Multipartisan
cooperation among all of the disciplines ensures that each has equal input into how the
trials are conducted. Because each technology is continually improving, strategies
should allow for the consideration of these improvements as they become available,
which would reflect the best practice available. Candidate technologies would include
exercise ECG, exercise echocardiography, exercise nuclear imaging, electron beam
computed tomography for coronary calcium, and coronary angiography. Also, mag-
netic resonance imaging and computed tomography angiography are future potential
candidates.

Finally, this field requires evidence-based approaches that should consider a variety
of outcomes to answer the questions of those with varying perspectives. Until the
appropriate studies are completed, this field will consist of diverse, somewhat overlap-
ping, and somewhat discordant guidelines that reflect the biases of their creators. Both
the clinician and patient will be left to wonder what is best for them.

SUMMARY

Again, the question is asked whether all women with suspected coronary disease
should undergo stress cardiac imaging. As previously stated, although exercise ECG is
less accurate in women than in men, when considered in the context of pretest clinical
data, the accuracy, incremental value, and utility in women is similar to men. For diag-
nostic purposes, the exercise ECG is most useful as an initial test in low- and selected
intermediate-pretest probability women with interpretable resting ECGs. This consti-
tutes approx 60–70% of women who can exercise and have interpretable ECGs. Man-
agement decisions following exercise ECG should be based on either a multivariable
score or positive/negative test results in the context of pretest probability. Given the
present economical landscape, the simple, inexpensive, and readily available exercise
ECG (when properly used and interpreted) has the potential to perform as a gatekeeper
to the use of exercise imaging in many women. Only properly designed trials will settle
the debate over the best approach to women with suspected coronary disease.
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BACKGROUND 

Despite advances in the diagnosis and management of cardiovascular disease
(CVD), nearly 250,000 female lives are claimed each year (1). Research continues to
report underrecognition, underdiagnosis, and undertreatment of coronary disease in
women causative to higher CVD mortality (2-9). Nonspecific symptoms, such as gen-
eralized malaise, fatigue, and dyspnea in women are imprecise and ineffective discrim-
inators of disease (10). Older age of presentation and delays in atypical symptom
recognition contribute to a greater morbidity and mortality for the female patient (11).
Screening of the asymptomatic woman is a topic of much interest because the initial
presentation of sudden cardiac death occurs more frequently in women (63%) than in
men (50%) (1).
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One key to affecting significant changes in cardiovascular mortality for women is
the appropriate use of highly accurate diagnostic tests that result in early and effective
treatment, improved outcomes for at-risk women, and lower costs for end-stage health
care. This chapter aims to put forth a synopsis of available evidence on diagnostic test-
ing in women. 

GENDER DIFFERENCES IN NONINVASIVE DIAGNOSTIC TESTING
FOR CORONARY ARTERY DISEASE

A large body of evidence suggests that there is a diminished diagnostic accuracy for
an array of cardiac noninvasive tests for women (12–13). Reduced specificity has been
noted for exercise electrocardiography (ECG) (due to lower ECG voltage, hormonal
factors, functional capacity, to name a few), and for the lower energy isotope thallium
(Tl)-201 imaging (owing to breast artifact) (14,15). A reduced sensitivity has been
noted in female populations with single-vessel coronary disease who undergo both
ECG and single photon emission computed tomography (SPECT) imaging. Technical
considerations as well as inappropriate patient selection are contributing factors to dif-
ferences in diagnostic accuracy. However, a major consideration in evaluating diagnos-
tic accuracy is the problem of verification or work-up bias that precludes calculation of
the “true” sensitivity and specificity (16). As catheterization is largely performed in
patients with provocative ischemia and women are largely under “cathed,” diagnostic
sensitivity will be miscalculated. Conversely, the estimation of specificity should
include clinical follow-up for several years posttest in order to capture the true false
negative rate. Additionally, prior reports have noted a more protracted work-up time for
women, such that, during the episode of care, angiography for suspected myocardial
ischemia may be undertaken as much as 1 year following initial presentation and,
often, after an array of other tests are performed (2). Although diagnostic accuracy has
known limitations in women, a number of recent reports have noted a gender-neutral
ability to risk stratify patients (17–19). There is a growing body of evidence on the
prognostic value of noninvasive testing techniques. As such, this is the primary focus of
this chapter. 

ASSESSING PRETEST RISK OF CORONARY ARTERY DISEASE

Evaluation of Asymptomatic Women
A new paradigm is unfolding where screening is being undertaken in asymptomatic

individuals and was the subject matter of the 34th Bethesda Conference on atheroscle-
rotic imaging (20). The rationale for screening is based on the frequent initial presenta-
tion of acute myocardial infarction (MI) and sudden cardiac death in previously
asymptomatic individuals. Thus, additional population-based risk reduction is consid-
ered one option for the detection of subclinical (or presymptomatic) disease. 

The aggregation and detection of high risk may be accomplished by integrating a
number of traditional risk factors, including age, systolic blood pressure, cholesterol, and
gender, into an estimated coronary heart disease risk (21–23). Risk scores have been put
forth by the European Society of Cardiology (23), the American Heart Association’s
(AHA) Prevention V conference (22), and the National Heart Lung and Blood Institute’s
(NHLBI) National Cholesterol Education Program (NCEP) Adult Treatment Panel III
(21). The latter risk score is based on the Framingham study (including offspring). For
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example, based on the NCEP risk calculator, individuals may have a calculated risk that
is low, intermediate, or high, which corresponds to their 10-year risk of “hard” cardiac
events (including cardiac death or nonfatal MI). Currently, the AHA Prevention V con-
ference defines subgroupings of risk using this 10-year estimate of cardiac death or non-
fatal MI (22). Low risk is defined as an annualized risk of death or infarction  less than
<0.6%. Intermediate and high risk are defined as a risk of death or infarction of 0.6–2%,
and greater than 2%, respectively, per year. A high-risk individual is one whose event
risk is equivalent to that of a person with established coronary disease and, most recently,
this also includes diabetics. Diabetes is now considered a coronary heart disease risk
equivalent because of the lengthy delays to disease diagnosis and the frequency with
which macrovascular disease is present. Clinicians can download a program from the
NIH-NHLBI website for easy calculation of these risk subsets (21).

Based on the 34th Bethesda Conference, screening would be considered for individ-
uals who are at intermediate risk (20). However, generally speaking, an asymptomatic
individual with more than one risk factor is at intermediate risk and, although this
remains controversial, may be considered a candidate for screening. The ensuing value
of a screening test is to then further risk stratify patients as posttest low or high risk. 

Evaluation of Symptomatic Women
The selection and referral of appropriate at-risk symptomatic women remains one of

the greatest challenges facing clinicians. The American College of Cardiology
(ACC)/AHA guidelines for exercise testing suggest that symptomatic patients with an
intermediate pretest likelihood of coronary disease are candidates for exercise testing
(24). Additionally, serial testing of patients with established coronary disease with a
new onset or medically refractory stable symptoms is also recommended (24). Recent
evidence from the NIH-NHLBI-sponsored Women’s Ischemia Syndrome Evaluation
(WISE; see Chapter 10 for further details) study reveals that the most common symp-
toms associated and with coronary disease in women are jaw pain, dyspnea, nausea,
dizziness, weakness, fatigue. Often, these symptoms are triggered by strong emotions
(see Chapter 10). Evidence suggests that women presenting with atypical symptoms
have a lower likelihood of obstructive coronary disease (25-26). As such, a com-
pendium of data supports the concept that symptoms are a less than efficient guide to
optimal test selection in women. It seems practical that physicians should allow greater
latitude in defining symptoms for the female patient and be more inquisitive during the
physical examination for changes in perceived well-being or a diminished ability to
perform routine activities of daily living (see Chapter 8). 

An evolving concept arising out of the ACC/AHA guidelines for exercise testing
revolves around the inclusion of estimated physical work capacity during the patient’s
pretest evaluation. Performing routine household activities requires approximately 4
metabolic equivalents (METs) of work (24). Thus, physicians at the time of symptom
evaluation should include some estimate of functional capacity. As patients do tailor
their physical capabilities to their symptoms, an evolving pattern of lowered functional
capacity with increasing symptom frequency may ensue, thus, creating the perception
of a more “atypical” symptom presentation. However, the estimation of physical work
capacity may also serve as a guide for the type of exercise protocol (e.g., the more
aggressive Bruce or less aggressive Asymptomatic Cardiac Ischemia Pilot (ACIP) pro-
tocol). Self-reported questionnaires, like the 12-item Duke Activity Status Index
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(DASI), are available to estimate peak oxygen consumption values (divide by 3.5 to
estimate METs) to assist the clinician in determining a woman’s abilities to perform
routine activities of daily living (27).

The compilation of risk, including age, traditional cardiac risk factors, and symp-
toms is aided by the availability of a number of multivariable risk predictions models
(28). For symptomatic presentation, the secondary prevention Bethesda Conference
has published a number of gender-based algorithms for estimating major adverse car-
diac event risk (28). The use of risk-prediction models will aid the clinician in defining
intermediate- as compared with low- to high-risk women. 

A woman with typical exertional angina generally has an intermediate-high pretest
probability of coronary disease (i.e., probability ≥15%) (26). For those women with
atypical or nonanginal symptoms, concomitant risk factors increase the likelihood of
disease. Patients with diabetes are more often asymptomatic due to neuropathy and are
considered high risk according to the most recent NCEP consensus document, with an
expected 2% annualized risk of cardiac death or MI (21).

Current evidence does not support testing women with a low likelihood of coro-
nary disease (i.e., probability <15%). False positives test results will occur more
often when testing low-risk patients consequently, driving up costs of care (26). The
greatest incremental value for testing is in women whose pretest risk is considered to
be intermediate (24,26,28,29). The ensuing results of ischemia testing would risk
stratify women with negative results to a low posttest risk and those with abnormal
results to a higher posttest risk of disease (depending on the extent and severity of
abnormalities). That is, following the results of a test in an intermediate-risk woman,
the test results may shift posttest risk to a lower (i.e., negative test) or higher (i.e.,
positive test) risk group. Many physicians also consider testing higher risk women as
the extent and severity of ischemia and localization of abnormalities can aid in ensu-
ing decisions regarding medical and surgical options.

Role of Hormones in Risk Assessment
The incidence of coronary disease is decidedly diminished in the premenopausal

woman due to endogenous estrogen. As women enter the perimenopausal phase (i.e.,
fourth decade of life), there is a gradual loss of estrogen. By the time a woman reaches
the age of 55 years, she is considered postmenopausal and her estrogen levels are
nearly one-tenth that of her premenopausal state (see also Chapter 21). 

For the premenopausal woman, endogenous estrogen has a digoxin-like effect that
may precipitate ST segment depression, resulting in a false positive stress ECG
(17,30). Physicians testing premenopausal women with chest pain or established coro-
nary disease should note the stage of a woman’s menstrual cycle. An unfolding body of
evidence suggests that stress testing during a woman’s mid-cycle, when estrogen levels
are highest, may be associated with less inducible ischemia and a lower frequency of
chest pain symptoms (31–33). As such, in order to optimize test accuracy, it would be
preferable for a premenopausal woman to undergo stress testing in the late stages of the
luteal phase (~12 days postovulation) or during menses when estradiol levels are low-
est. It also seems reasonable for a clinician to query women as to symptom fluctuations
occurring with her menstrual cycle. The documentation of a woman with a history of
polycystic ovary syndrome would be of additional importance as she is at increased
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risk of coronary disease with an increased link to obesity, central obesity, insulin resis-
tance, and diabetes (34).

A number of studies have noted that coronary disease may be masked for the
woman taking hormone replacement therapy (HRT) owing to its vasodilatory action,
resulting in a reduced frequency of chest pain and ischemia as well as improved exer-
cise tolerance (35-37). Because of the adverse risk associated with HRT, as noted in
the Heart and Estrogen/Progestin Replacement Study (HERS) and the Women’s
Health Initiative (WHI) trials (see also Chapter 21), it is likely that fewer women will
be presenting for evaluation with concomitant estrogen or combination progestin use
(38-39). However, should they be referred for testing, clinicians should note that an
increased risk of major adverse cardiovascular events (especially thromboembolic
events) has been reported for women with and without a prior history of coronary dis-
ease. This increased risk is correlated with an increase in inflammatory markers (i.e.,
C-reactive protein) that has been reported for women taking HRT but not with the
newer Selective Estrogen Receptor Modulators (see also Chapter 21). Increasing
inflammation is corroborated by the fact that most of the excess risk, as recently
reported in the WHI, was in nonfatal MI (40). It is likely that the ischemic event risk
for women using HRT may be estimated by provocative stress testing. This latter
point is further supported by the increased thromboembolic risk that occurs early
after treatment initiation (i.e., in the first year) and the body of evidence supporting
near-term event prediction by imaging modalities, such as echocardiography or
SPECT imaging (discussed later in this chapter).

Of the cohorts of women enrolled in randomized trials such as HERS or WHI, those
who will remain on HRT include women with moderate-severe vasomotor symptoms.
Women who receive a benefit from treatment may also be suboptimal testing candi-
dates due to the vasodilatory effects of HRT. Clinicians should further inquire as to the
type and severity of symptoms and consider the fact that false negative results may
occur; that is, latent coronary disease may be masked due to an HRT-induced coronary
vasodilation. 

ASYMPTOMATIC SCREENING

For asymptomatic women, the current public health challenge is the identification of
high-risk subsets that may be at risk for sudden cardiac death or acute MI. Because of
the greater frequency of presentation without prior symptoms, it may be possible to
prescreen patients using an array of tests that detect subclinical disease, which might
result in life-saving care (20). A number of atherosclerotic imaging modalities have
been advocated for the evaluation of cardiovascular screening in asymptomatic individ-
uals including ankle brachial index, brachial reactivity, coronary calcium, and carotid
intima-media thickness (IMT). Although the added value of screening asymptomatics
has been inconsistently reported, atherosclerotic imaging modalities, such as coronary
calcium, have been shown to provide information independent of traditional risk fac-
tors (20,41) (see also Chapter 5). 

Because of differences in the onset of disease, artery size, as well as the prevalence of
traditional risk parameters, a number of reports have identified gender differences in the
detection and accuracy of atherosclerotic imaging measurements (42-46). For example,
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the results of brachial reactivity testing require gender adjustment as women have a
greater vasodilator response than men (20). In general, the overall prevalence of imaging
abnormalities is lower and lags approximately 10 years in female populations when
compared with men, similar to the prevalence of the disease (47-48). Despite this, recent
evidence from the Atherosclerosis Risk in Communities (ARIC) Study reported that
carotid IMT was a stronger predictor of stroke in women than in men (46). That is, using
Cox proportional hazards models, the hazard ratios for a mean IMT value of 1 mm or
greater was 8.5 for women (95% confidence interval [CI]: 3.5- 20.7) and 3.6 for men
(95% CI: 1.5-9.2). Similarly, owing to small artery size, a given amount of coronary cal-
cification encumbers a greater extent of the myocardium and has been associated with
worsening survival for women as compared with men (47). These latter results call for
imaging scoring systems tailored for women and for more aggressive treatment of
women who have evidence of subclinical disease on a screening examination. 

Inflammatory markers have been suggested to be useful prognostic markers. (48-
50). High sensitivity C-reactive protein (HsCRP) is an acute phase reactant and has
been reported to correlate with an increased risk of MI and stroke (see also Chapter 4).
With regard to atherosclerotic imaging, however, there is a reported lack of association
between HsCRP and coronary calcium in postmenopausal women (51). It is likely that
coronary calcium is not a good predictor of acute ischemic events due to the fact that
calcification does not correlate with functional coronary stenosis, flow-limiting dis-
ease, or to plaque vulnerability (41,52-54) but rather may provide a measure of the
global burden of atherosclerosis (47).

For coronary calcium, there are remaining challenges in risk thresholds where pub-
lished reports have noted anything from detectable calcium to calcium scores greater
than 680 as being high risk (20,41). However, our group has recently published data
revealing that 5-year survival exceeds 99% for women and men with a low-risk calcium
score of less than 10 (47). Survival decrementally worsens for women with increasingly
higher calcium scores (Fig. 1). As previously noted, due to small artery size, any given
amount of calcium is associated with worsening survival in women as compared with
men; as such lower thresholds of risk may be required for women (see Fig. 1). 

Recommendations for Cardiovascular Risk Screening in Women
Based on existing evidence, we have formulated a preliminary management strategy

for the evaluation of intermediate-risk asymptomatic women (Fig. 2). This strategy
includes an estimation of global risk in all women and their perimenopausal years, with
exception to include women with risk factors (at any age). Arguments may also be put
forth that women with metabolic syndrome or polycystic ovary syndromes should have a
multifactorial risk assessment performed (at a minimum) and considered as candidates
for screening. Despite the lower prevalence of disease in younger women, the European
Society of Cardiology is expected to soon recommend predicting risk at age 60 years for
a given risk assessment. That is, for a 40-year-old woman with multiple risk factors, esti-
mation of risk should be calculated as if she were 60 years of age (55).

A woman whose calcium score exceeds 400 has an annualized risk of death of 2%
and should be considered to be at high risk. A follow-up ischemia test should be con-
sidered (56). Retesting may be considered for women with a score ranging from 100 to
less than 400, where rates of progression greater than 15% are associated with an
increased risk of nonfatal MI (57). Aggressive risk factor management should be
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undertaken in women with evidence of atherosclerosis on screening. In two prior
reports, the use of statin therapy has been associated with a lack of progression in the
calcium volume score (58-59).

DIAGNOSTIC TESTING FOR THE EVALUATION 
OF SYMPTOMATIC WOMEN

Exercise Electrocardiography 
The exercise ECG (see also Chapter 12) has been part of the testing armamentarium

for coronary disease for many decades with a wealth of available gender-specific data.
Based on the ACC/AHA guidelines for stable angina, women are candidates for the
exercise ECG if they have a normal resting 12-lead ECG (i.e., no resting ST-T wave
changes precluding interpretation of peak exertional changes) and have sufficient phys-
ical work capacity to attain maximal levels of exercise (see also Chapter 14) (29).

The exercise ECG has been reported to have a lower diagnostic accuracy in women
(14,15) Several reviews on the diagnostic sensitivity and specificity have revealed
lower accuracy of 1 mm or more of ST segment depression for women compared to
men with an average sensitivity and specificity for the exercise ECG of 61 and 69%
(12-15). The lower diagnostic accuracy of the exercise ECG may in part result from the
fact that disease prevalence is less or that women are older and have higher rates of
functional impairment leading to a diminished exercise capacity, an inability to attain
maximal stress, and provoke ischemia. Additional critical factors that have been
reported to affect test accuracy in women include resting ST-T wave changes, lower
ECG voltage, and hormonal factors (endogenous estrogen in premenopausal women
and the use of HRT in older women). 

A major key to enhanced accuracy of the exercise ECG is to include other factors
than ST segment depression when interpreting the test. The integration of parameters
such as the simple Δ ST/heart rate index or the Duke treadmill score (defined as exer-
cise time - [5 x ST deviation] - [4 x chest pain {1 = non limiting, 2 = limiting}] dramat-
ically improves the diagnostic and prognostic accuracy of testing in women (19,60).
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Fig. 1. Five-year all-cause survival in 4191 intermediate-risk, asymptomatic women and 6186 interme-
diate-risk, asymptomatic men by electron beam tomography coronary calcium score. (From ref. 47.)
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Although the accuracy of routine treadmill testing is discussed in Chapter 12, the esti-
mated rate of significant and severe coronary disease for women and men by the Duke
treadmill score risk groups is depicted in Fig. 3 (19). As noted, higher rates of obstruc-
tive and severe coronary disease are reported in women and men with high-risk Duke
treadmill scores; although the rates in women generally lag that of their male counter-
parts. Similarly, for women, 5-year survival exceeds 97% for a low-risk and is less than
90% for a high-risk Duke treadmill score (19). Women may then proceed to subsequent
cardiac imaging when their Duke treadmill score is intermediate risk. Additionally,
those at high risk may be considered candidates for either an imaging test or coronary
angiography; depending on the clinical scenario. 

Physicians should consider simple factors such as total exercise time and heart rate
recovery (at 1 or 2 minutes postexercise) as major predictors of adverse prognosis (61).
Following maximal exercise, in the recovery phase, there is a reactivation of cardiac
vagal tone. A decrease in heart rate of less than 44 beats at 2 minutes into recovery is
associated with a nearly threefold increased hazard for death (62). Heart rate recovery
has been related to heart rate variability and has also been correlated with insulin resis-
tance (63); with an abnormal heart rate recovery being more common among those
individuals with impaired fasting glucose (64).

Another simple measure that is also one of our strongest prognosticators is physical
work capacity or exercise duration on a bicycle ergometer or treadmill (see also Chap-
ters 8 and 12) (24). Of note, women have generally worse functional capacity, engage
less often in leisure-time activities, and have more functional decline during their
menopausal years. Lower exercise times (on average 5-7 minutes) challenge the ability
to provoke a central myocardial stress and an abundance of literature supports that fact
that women who exercise  less than 5 METs are at increased risk of worsening progno-
sis (24).

One method to estimate maximal oxygen consumption (METs x 3.5) is to use the
Duke Activity Status Index (DASI) (65). This may aid in identifying women inca-
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Fig. 3. Prevalence of significant and severe coronary disease by the Duke treadmill score risk groups
in 976 women and 2249 men. Int, intermediate Duke treadmill score; VD, vessel disease; LM, left
main; CAD, coronary artery disease.



pable of performing a minimum of 5 METs of exercise who then should be referred
for pharmacologic stress testing (24,29). Although maximal stress may be defined by
achieving 85% or greater of predicted maximal heart rate, care should be taken when
interpreting a woman’s heart rate response. For deconditioned patients, an exagger-
ated response to physical work may result in marked increases in heart rate. Thus, the
test should be continued until maximal symptom-limited exercise capacity is
achieved. 

These latter simple measures provide an abundance of data on risk assessment and
should be included in every physician’s interpretation of the exercise ECG. Although
a woman may exhibit no ST segment changes, evidence of functional impairment or
impaired heart rate responses may aid in identifying at-risk women. Additional risk
markers that may be of added diagnostic and prognostic value include an impaired
blood pressure response to exercise, as well as the presence and frequency of prema-
ture ventricular contractions and more serious ventricular arrhythmias (24). One fac-
tor, exercise-induced chest pain, however, has shown to be poorly predictive of
disease and outcome for women (19).

Candidates for Cardiac Imaging
Current evidence and medical society guidelines recommend cardiac imaging for

women whose resting 12-lead ECG is abnormal (defined as resting ST-T wave changes
that would interfere with discerning exercise-induced changes) and for those women
with an indeterminate or intermediate risk exercise ECG. Additional candidates, as pre-
viously stated, include the large proportion of women with functional impairment,
encompassing approximately 25–40% of women referred to imaging laboratories. Dia-
betic women are another cohort that may be considered as candidates for imaging.
Recently, the American Society of Nuclear Cardiology has published an algorithm of
candidates for testing and is reasonable to use for referral to both echocardiographic
and nuclear imaging (see Fig. 4) (13).

Gated Myocardial Perfusion SPECT
Gated myocardial perfusion SPECT is a nuclear-based technique that provides a

combination of risk parameters that aid in the detection of disease and risk in women
including regional perfusion deficits, global and regional ventricular function, and
left ventricular volumes (66). Of the imaging modalities, SPECT stress imaging is
the most commonly performed in the United States, undertaken in approximately 7
million patients every year. Nuclear imaging has been reported to have technical lim-
itations in women (13), including the false positive results due to breast attenuation,
small left ventricular chamber size, and a higher prevalence of single vessel disease.
(13). For example, the accuracy of T1-201 SPECT imaging was reduced in patients
with small hearts, more commonly seen in women than men, (13). When using Tl-
201 as the radioisotope in women, false positive test results may be the result of soft-
tissue (breast) attenuation in the anterior and antero-lateral segments (13).

Despite these limitations, recent updates to stress myocardial perfusion imaging
have resulted in substantial improvements in the accuracy of testing (67). For women,
the lower energy isotope T1-201 is now largely supplanted by the use of technetium-
based imaging agents that improve accuracy, particularly when performing gated
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SPECT imaging (where a post-stress ejection fraction is obtained) (67). In a small,
randomized trial comparing the diagnostic accuracy of Tl-201 with gated Tc-99m
sestamibi SPECT in women, test specificity was improved dramatically from 67% for
Tl-201 to 92% for gated Tc-99m sestamibi SPECT (67). The higher count profile that
is exhibited with Tc-99m sestamibi results in an enhanced image quality and
improved accuracy for women (13,67). Amanullah and colleagues reported on 130
women undergoing adenosine Tc-99m sestamibi SPECT revealing that a moderate to
severely abnormal perfusion scan (i.e., summed stress score >8) was associated with
a sensitivity and specificity of 91 and 70% for the detection of multivessel coronary
disease (68).

Reports from several large samples have noted that for both Tc-99m sestamibi (rest
and exercise) and for dual isotope (i.e., Tl-201 at rest and Tc-99m at stress) myocardial
perfusion SPECT, there is an added incremental prognostic value of myocardial perfu-
sion data as compared to clinical and exercise variables in women (69-71). From a
recent multicenter registry of 3402 women with stable chest pain symptoms, risk strat-
ification was similar by gender (Fig. 5A; [71]). By the number of vascular territories
with ischemia, 3-year survival ranged from 98.5 to 85% for none to three vascular ter-
ritories, respectively (71).

Additional prognostic variables that may be derived from SPECT imaging include an
immediate post-stress ejection fraction of less than 45%, end systolic volume greater than
70 mL, transient ischemic dilation, and increased lung uptake of Tl-201 (72).

Exercise Echocardiography
Stress echocardiography is another common noninvasive test. A number of reports

have examined both the diagnostic and prognostic accuracy of stress echocardiogra-
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Fig. 4. Candidates for cardiac imaging based on the American Society of Nuclear Cardiology guide-
lines for the evaluation of women with suspected coronary disease symptoms.
Rx, therapy; TM, treadmill; ETT, exercise tolerance testing; ECG, electrocardiogram; METs, meta-
bolic equivalents; EF, ejection fraction. (From ref. 13.)
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phy echo in women (15,18,73-75). Overall advantages to the use of exercise echo are
the lack of ionizing radiation, the portability, and lower cost of the equipment allow-
ing for greater use and affordability in the outpatient setting, and an increased ability
to image cardiac structures and function. The evaluation of valve disease is particu-
larly helpful for women with chest pain whose differential diagnosis includes mitral
valve prolapse. Table 1 reports data from a meta-analysis comparing the diagnostic
accuracy of stress ECG, echocardiography, and Tl-201 imaging (15). Given the fact
that inducible wall motion abnormalities appear later on in the ischemic cascade,
there is greater test specificity with echocardiography when compared to SPECT
imaging. However, intermediate stenosis that may cause flow limitations and perfu-
sion deficits on SPECT may be less detectable with wall motion techniques. Conse-
quently, there is a lower accuracy for detection of 50-70% lesions and those with
single-vessel coronary disease (73).

Regarding prognosis, recent evidence supports the use of stress echocardiographic
techniques for the estimation of event-free survival in women (18). A report from the
Mayo Clinic concerning 2476 women revealed that event-free survival was 97% for
women with no inducible wall motion abnormalities as compared with 88% for those
with a wall motion score index of 1.25 or more (defined as the sum of segmental
scores/number of segments visualized with new or worsening abnormalities) (Fig. 5A;
[18,21]).

There are several intravenous contrast agents that are approved for left ventricular
opacification and endocardial border delineation with echocardiography. In the clinical
setting, quick delineation of immediate post-stress wall motion changes may be
enhanced by the use of myocardial contrast agents, such as Optison™ or Definity™.
The use of contrast agents clinically results in enhanced image appearance, improved
diagnostic feasibility, and interpretation, especially in technically difficult patents
including obese women and those with lung disease whose acoustic window may be
suboptimal. Additionally, there is ongoing research for the use of myocardial contrast
agents in the delineation of regional myocardial perfusion with echocardiographic
techniques. Thus, in the future, we would hope for both echocardiographic and SPECT
techniques to optimally provide information on global and regional function as well as
regional perfusion thus providing equivalent risk markers on which to optimally guide
decision making. 

Candidates for Pharmacologic Imaging
Approximately 25–40% of patients who are referred for cardiac imaging for the

evaluation of known or suspected coronary artery disease (CAD) are candidates for
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Table 1
Meta-Analysis of the Diagnostic Accuracy of Exercise Electrocardiography (ECG), 
Echocardiogram, and Tl-201 Perfusion Imaging (including planar and SPECT)

Imaging modality No. of studies N Sensitivity Specificity

Exercise ECG 20 3,874 61 69
Tl-201 Perfusion 5 842 78 64
Exercise Echocardiogram 3 296 86 79



pharmacologic stress imaging. Because women are generally older when they present
with CAD and have a higher incidence of decreased exercise capacity, many with
known or suspected CAD are not able to complete a symptom-limited exercise proto-
col and are therefore candidates for pharmacologic stress testing (29). Functional
impairment may be defined as incapable of performing 5 METs of exercise (or less
than stage 1 of the Bruce protocol) (24).

Either with dobutamine echocardiography or dipyridamole or adenosine vasodilator
SPECT stress, the interpretation of wall motion abnormalities and perfusion deficits is
generally similar to that applied with exercise (and was described previously) (66,75).
A second generation of vasodilator agents (a 2α receptor antagonists) that are more
cardio-specific (i.e., with minimal systemic effects—blood pressure and reduced side-
effect profile) are under development. Importantly, there is a reduced risk of bron-
chospasm and, therefore, patients who are currently contraindicated to receive
dipyridamole or adenosine may be eligible for vasodilator stress with one of the three
agents now in Phase III clinical trials. 

Cardiovascular Magnetic Resonance Imaging
Perhaps no other imaging modality is undergoing such rapid development as that of

cardiovascular magnetic resonance imaging (CMR) (76). CMR has many features
making it suitable for evaluating patients with a wide range of cardiovascular diseases
including fast examination times, excellent tissue characterization (high soft-tissue
contrast), three-dimensional volumetric acquisition/display, and the ability to quantify
blood flow (76). Furthermore, CMR is attractive because it does not require the use of
ionizing radiation nor are contrast agents nephrotoxic. CMR is capable of yielding
superior temporal and spatial resolution and may image the great vessels, congenital
abnormalities, valvular heart disease, pericardial disease, as well as left ventricular
mass and function, perfusion, wall thickness, and myocardial perfusion and blood flow
(including contrast-enhanced differentiation of subendocardial and epicardial flow)
(76-82). However, CMR is not widely available, the equipment is expensive, and cur-
rently there are few outcomes studies utilizing the technique.

MR perfusion for the diagnosis of CAD has not been extensively studied in women,
but the overall sensitivity and specificity values are in the 70 to 80% range (76,78).
Interestingly, CMR is capable of separating subendocardial from epicardial perfusion
deficits (77). A recent report from the Royal Brompton Hospital in London revealed
that women with syndrome X (chest pain, evidence of provocative ischemia, and
nonobstructive coronary disease) have subendocardial ischemia noted with MR perfu-
sion imaging (77). One of the benefits of MR perfusion estimates is that absolute
reductions in perfusion may be determined. This is compared to the fact that SPECT
determines regional deficits in perfusion by normalizing the myocardium and therefore
assesses relative perfusion. Recently, data from the WISE study indicated that the
provocation of perfusion ischemia is reliant on an adequate hyperemic response to
stress (83). Additionally, with the three dimensionality of CMR, wall motion abnor-
malities may be superior to other modalities and detect coronary disease in 74% of
patients with less extensive (i.e., single-vessel) disease (78).

MR angiography (MRA) has been shown in preliminary reports to have a similar
diagnostic accuracy when compared to invasive cardiac catheterization (80). Imaging is
currently most reliable for proximal stenosis (in particular, left anterior descending),
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although this modality still requires substantial validation. Despite this, women may
benefit from initial screening with MRA. Approximately half of women undergo diag-
nostic coronary angiography, which, owing to its invasive nature, carries a slight, but
notable, risk of complication (11, 80).

In women with normal coronaries, recent evidence has identified a unique imaging
method using P31 MR spectroscopy to identify alterations in high-energy phosphates
(81). A reduction in phosphocreatine/adenosine triphosphate (PCr/ATP) provides a mea-
sure of metabolic dysfunction representing myocardial ischemia. Figure 6 reveals that a
reduced PCr/ATP ratio of 20% or less is noted in one-third of women with normal coro-
naries (81). A recent update from this investigative group reveals that women with abnor-
mal P31 MR spectroscopy are at increased risk of major adverse cardiac events, in
particular a substantially higher rate of acute coronary syndromes (at 2 years of follow-
up) (82). It appears that although survival may be excellent in women with nonobstruc-
tive coronary disease, a subset of patients may have microvascular disease precipitating
metabolic dysfunction and leading to continuing symptoms and unstable angina. How-
ever, longer term follow-up and validation of these results is required to clearly establish
the relationship between major adverse cardiac events and P31 spectroscopic results.

NEW HORIZONS FOR CARDIOVASCULAR IMAGING FOR WOMEN

Although we have discussed a number of imaging modalities that are under develop-
ment, it is noteworthy to identify a few additional developments in imaging that may
provide a potential value in the assessment of at-risk women. Computed tomographic
methods assessing angiographic (CTA) extent and severity of disease is currently
undergoing rapid development and testing. It appears that CTA may also provide
promise in a noninvasive assessment of coronary disease in women, similar to MRA. 
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Fig. 6. Handgrip stress magnetic resonance spectroscopy: a reduced phosphocreatine/adenosine
triphosphate (ATP) ratio is noted in approximately one-third of women with nonobstructive coronary
disease.



Historic assessments of prognosis with cardiac imaging modalities have been lim-
ited to the estimation of ischemic events including cardiac death or nonfatal MI.
Increasing evidence, in particular with CT and MR methods, visualize the importance
of aortic, carotid, and peripheral atherosclerosis. In the future, more reports will be
available on the detection of coronary and noncoronary atherosclerosis and its associa-
tion with the global CVD burden. 

Increasing evidence suggests that the risk of CVD is multifactorial with new stan-
dards of assessment including integrated risk-factor scores (21,28,30). In general,
imaging markers have not been well integrated into laboratory and other historical
parameters. Given the increased complexity in the diagnosis and assessment of risk in
women, new research must aim at integrating historical, hormonal, traditional, and
emerging risk markers along with cardiovascular imaging data in the assessment of
major adverse cardiac outcomes in sufficiently large female samples. 

Figure 7 provides a detail of the current understanding of the complexity for assess-
ing atherosclerotic imaging modalities in women. In this proposed model, estrogen
deficiency (e.g., postmenopause) has been shown to exhibit a number of effects on the
vasculature that may affect imaging results. The combination of estrogen loss in the
setting of traditional cardiac risk factors (including emerging risk markers such as
HsCRP) is associated with alterations in (1) myocardial blood flow and coronary flow
reserve noted during angiography, SPECT, CMR, or PET imaging; (2) greater deposi-
tion of atheromatous disease noted during intravascular ultrasound, carotid IMT, and
retinography; (3) hyperdynamic left ventricular function noted with echocardiographic
and SPECT techniques; and (4) smaller artery size noted during cardiac catheteriza-
tion. Generally, the result of this is believed to be a greater burden of microvascular
disease. The ensuing sequelae of a stress-induced mismatch between blood supply and
myocardial oxygen demand results in a shift toward a greater reliance on anaerobic
metabolism (as supported by the WISE MR spectroscopy data) and documentation of
myocardial ischemia with an array of noninvasive tests (described herein). 
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Fig. 7. Schematic of myocardial ischemia in symptomatic women. PCOS, polycystic ovary syn-
drome.



The potential role each of these interactive forces plays on clinical outcome is also
summarized in this figure. The smaller size of coronary arteries contributes to a greater
atherosclerotic burden in the setting of any given amount of disease (including coro-
nary calcification). These data are further supported by evidence that retinal artery nar-
rowing is associated with an increased risk of coronary heart disease death or nonfatal
MI in women but not in men (84). Additionally, even in the setting of nonobstructive
coronary disease, women with evidence of provocative ischemia (which may be suben-
docardial or microvascular) are potentially at increased risk for major adverse cardiac
events that include unstable angina, MI, and sudden cardiac death. Repetitive bouts of
ischemia, left untreated, could result in MI leading to left ventricular dysfunction pre-
disposing a woman to heart failure and cardiac death. 

To further speculate, the higher rate of recurrent and persistent symptoms may sug-
gest that our current treatment paradigm may be less effective in this cohort of effected
women. As such, future research should focus on the development of better imaging
tools to estimate vascular function and metabolism as well as treatments effective at
ameliorating provocative ischemia and symptoms in women.

RECOMMENDATIONS FOR DIAGNOSTIC TESTING IN WOMEN

For enhanced care of at-risk women, a careful clinical history should not only
include the nature, type, and quality of cardiac symptoms and cardiac risk factors, but
also a woman’s relevant reproductive history including use of HRT, prior diagnosis of
polycystic ovary syndrome, and stage of her menstrual cycle (for those younger
females). Asymptomatic women who have one or more risk factors are generally at
intermediate risk and may be candidates for cardiovascular screening including the use
of inflammatory markers or imaging (e.g., coronary calcium). For the symptomatic
women, clinicians should carefully consider two critical factors—functional capacity
and hormonal factors-when deciding on a choice of tests. Although care should be
taken when interpreting negative test results in the setting of HRT use, testing of pre-
menopausal women should optimize the lowest estrogen level so that provocative
ischemia may be elicited. 

Additionally, women who are incapable of exercising to 5 METs should be consid-
ered candidates for pharmacologic stress testing. Use of the DASI can be applied in the
pretesting setting to provide insight into activities of daily living (65). This being said,
simple measures such as functional capacity or heart rate responses to stress remain
valuable prognosticators. 

For women with a normal resting ECG and good exercise tolerance, a routine exer-
cise treadmill test is currently indicated for the evaluation of suspected myocardial
ischemia. The interpretation of the exercise test should consider more than the interpre-
tation of ST segment changes including exercise capacity and heart rate changes. A
number of risk scores are available to aid in the integration of several treadmill test
parameters (e.g., Duke treadmill score). Figure 4 reviews current indications for car-
diac imaging; most commonly including stress echocardiography or SPECT imaging.
Cardiac imaging, using stress echocardiographic and SPECT techniques, should opti-
mally include measures of left ventricular function and extent and severity of provoca-
tive ischemia noted by regional wall motion and/or perfusion abnormalities to aid in
optimal posttest decision making. 
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The intensity of posttest management is then graded to increasing risk as noted during
testing. Those at highest posttest risk should be considered candidates for coronary
angiography. Intermediate stress test results should prompt both risk factor modification
and anti-ischemic therapy for the control of symptoms. Women with an indeterminant
exercise ECG should be referred to cardiac imaging. Additionally, repeat testing on med-
ications may allow the clinician to measure the effectiveness of therapy. Low-risk patients
require no additional follow-up testing (unless clinical status worsens) with management
including treating risk factors to current goals as well as control of symptoms. However,
care should be taken in evaluating a lack of provocative ischemia, in particular for women
with submaximal levels of exercise. It is also possible that for women with nonobstructive
coronary disease that subendocardial ischemia during exercise may not elicit ST segment
changes or wall motion abnormalities but may only be detected by CMR techniques.

CONCLUSIONS\

The current paradigm of diagnostic testing requires substantial variation when
applied to the female patient. The multifactorial role of reproductive hormones on the
vascular system has yet to be fully appreciated. The interaction of small artery size
with the effects of traditional risk factors (e.g., hypercholesterolemia) on artery respon-
siveness leading to microvascular disease is a sizeable problem for symptomatic
women. Evidence of inflammation and atherosclerosis may ensue. Thus, even in the
absence of obstructive coronary disease, the risk in postmenopausal women with risk
factors may be underappreciated.

For women whose symptomatology is more nonspecific, there may be much more of
a “blurring” between the classification of symptomatic and asymptomatic status. This
may be particularly true for women with functional impairment. Extreme care should
be employed in the selection of stress testing and in interpretation of test results for the
work-up of symptomatic women. Consideration of hormonal status and functional
impairment are critical factors to minimizing both false negative and positive test
results. The intensity of posttest management should be directly proportional to the
extent and severity of inducible ischemia and consideration of left ventricular function. 

An abundance of evidence suggests that women are less often counseled for risk fac-
tor control, less often receive effective diagnostic tests that may lead to underuse of
optimal medical and surgical therapies, and furthermore, evidence of ischemia is more
often left untreated (2–9). Certainly, the complexity of management that is required for
the female patient has yet to be fully assimilated into clinical guidelines and into every
day clinical practice. However, current data suggest that women could benefit from risk
stratification with the use of an array of commonly used noninvasive cardiac tests.
Local expertise should guide the use of commonly employed echocardiographic or
nuclear-based techniques. It is likely that a greater use of testing in women may result
in earlier diagnosis and improved outcome for women thus, potentially impacting upon
on population mortality statistics, and perhaps, realizing the dramatic declines in car-
diovascular mortality noted for men. 
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III MANAGEMENT OF CORONARY DISEASE

IN WOMEN

A. Evaluation of Stable Chest Pain
Syndromes in Women



CARDIOVASCULAR MORBIDITY AND MORTALITY

Recent evidence suggests that cardiovascular disease (CVD) mortality has been
reduced 35–50% owing, in large part, to significant improvements in the management
of coronary artery disease (CAD). However, CAD remains the single most important
cause of morbidity and mortality in most Westernized countries for both women and
men alike. Generally, the prevalence of coronary disease increases by age and varies by
gender. The age-adjusted death rate per 100,000 for major CVDs in 1999 was 414.8 for
men and 300.3 for women (1). However, for patients with CAD, the case fatality rate
for CVD is higher for women than men (2). Since 1984, 50,000 more women on average
have died each year than men.

For the nearly 8 million Americans evaluated with stable chest pain symptoms, an
array of medical and surgical therapies have been  highly effective in reducing the risk
of major adverse cardiac events.

Gender Differences in Symptom Presentation
Although Chapter 10 by Johnson and colleagues from the National Institutes of

Health-National Heart, Lung, and Blood Institute’s (NIH-NHLBI) Women’s Ischemia
Syndrome Evaluation (WISE) covers this topic in detail, a brief explanation of the differ-
ences in the relative importance of risk factors and in symptom presentation between gen-
ders should be noted. Although common signs and symptoms in both males and females
include chest pain, fatigue, rest pain, shortness of breath, and weakness (3), angina pec-
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toris is the most common initial and subsequent clinical presentation of CAD in women;
men are more likely to present with a myocardial infarction (MI) or sudden coronary
death (4). However, this picture is complicated, as women with chest pain have a lower
CAD probability than men (Table 1), largely because women of all ages are less likely to
have triple-vessel and left-main CAD than men (5). The second most frequent CAD sign
and symptom, in addition to chest pain, is dizziness for women and arm pain for men.
Milder symptoms, including appetite loss, dyspnea (especially in elderly women), and
back pain without accompanying chest pain, generally occur more often in women.

Approaches for Diagnosing Coronary Heart Disease (CHD) in Women
The recent American College of Cardiology/American Heart Association

(ACC/AHA) 2002 Guideline Update (6) provides a detailed approach for the gender
evaluation with stable chest pain symptoms. A careful medical history and physical
exam can provide the key elements to determine CAD likelihood. As presented in Table
1, the likelihood of significant obstructive coronary disease is variable by the type of
chest pain symptoms, including noncardiac chest pain, atypical angina, or typical
angina. For those who manifest chest pain symptoms, typical angina is defined as having
all three of the following characteristics: (1) substernal chest discomfort (almost never a
sharp or stabbing pain) with a quality characterized by patients as “squeezing,” “grip-
like,” “pressure-like,” “suffocating” and “heavy,” unchanging with position or respira-
tion, and a duration of anginal episodes that typically last minutes (a fleeting discomfort
or a dull ache lasting for hours is unlikely to be angina); (2) provoked by exertion or
emotional stress; and (3) relieved by rest or nitroglycerin. Atypical angina meets two of
the previous characteristics, whereas noncardiac chest pain meets one or none of the typ-
ical anginal characteristics. However, the symptoms that women experience often differ
from those “classic” symptoms (substernal crushing chest pain radiating to the left arm)
typically perceived by men. In women, the pain may be: (1) centered in the chest with or
without radiation down one or both arms; (2) located in the ear, jaw, or neck region; or
(3) located in the back or shoulder region (6). Other reported symptoms are diaphoresis,
light-headedness, shortness of breath, nausea, and vomiting; these symptoms may or
may not accompany chest pain or discomfort (3).

As women present later in life and are more often functionally impaired, their fre-
quency of nonexertional symptoms is higher than that of their male counterparts (7).
Additionally, for elderly women, shortness of breath is more often the initial presenting
symptom for acute MI (AMI). As such, the differential presentation of an at- risk
symptomatic woman provides a unique diagnostic challenge. In Chapter 10, investiga-
tors from the NIH-NHLBI-sponsored WISE study provide us with insight into the typ-
ical symptomatology in approx 1000 women (8).

Functional impairment and other comorbidities and risk factors increase the risk in any
patient. Table 2 details the range in disease likelihood for low- to high-risk patients. For
low-risk young women, CAD likelihood is exceedingly low. With increasing age, particu-
larly in the postmenopausal age groups, likelihood increases dramatically. The combina-
tion of advanced age, typical angina symptoms, and additional risk factors (increasing a
woman to a high-risk category) sharply increases disease risk to the range of 60–80%.

Women are also more likely to have a greater degree of comorbidity, which contributes
to an increasing complication risk during the acute symptoms evaluation. Although age is
perhaps one of the greatest prognosticators and, for women, provides a great deal of infor-
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mation as to coronary disease likelihood, recent evidence from the National Registry of
Myocardial Infarction (i.e., NRMI-3) database by Vaccarino and colleagues suggests that
younger women who present with an AMI have a risk of dying that is, on average, 22%
higher than that of their elderly female counterparts per decade of decreasing age (9,10).
The authors’ rationale for this risk increase was related to differences in medical history,
the MI severity, and early management variability in presenting women as it impacts clin-
ical outcomes. Figure 1 provides a depiction of the adjusted odds ratios for death by age
groups. For men, the 1- and 2-year post-MI mortality was 25% and 20%, respectively, in
comparison to 38% and 29% for post-MI women.

Noninvasive Diagnostic Tests for Women With Symptoms of Stable Angina
Figure 2 provides an algorithm for the work-up of women presenting with stable

angina and an intermediate-to-high CAD probability based on the results of the medical
and physical history. For women with stable symptoms, the preferred management
approach is to perform a noninvasive stress test to assess the severity of the residual
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Table 1
Pretest CAD Likelihood in Symptomatic Patients According to Age and Sex* 

(Combined Diamond/Forrester and CASS Data)

Age
Nonanginal chest pain Atypical angina Typical angina

years Men Women Men Women Men Women

30–39 4 2 34 12 76 26
40–49 13 3 51 22 87 55
50–59 20 7 65 31 93 73
60–69 27 14 72 51 94 86

* Each value represents the percent with significant CAD on catheterization. CASS, Coronary Artery
Surgery Study.

Source: refs. 38,42.

Table 2
Comparing Pretest CAD Likelihoods in Low-Risk Symptomatic Patients 

With High-Risk Symptomatic Patients—Duke Database

Age
Nonanginal chest pain Atypical angina Typical angina

years Men Women Men Women Men Women

35 3–35 1–19 8–59 2–39 30–88 10–78
45 9–47 2–22 21–70 5–43 51–92 20–79
55 23–59 4–25 45–79 10–47 80–95 38–82
65 49–69 9–29 71–86 20–51 93–97 56–84

Each value represents the percent with significant CAD. The first is the percentage for a low-risk, mid-
decade patient without diabetes, smoking, or hyperlipidemia. The second is that of the same age patient
with diabetes, smoking, and hyperlipidemia. Both high- and low-risk patients have normal resting ECGs. If
ST-T-wave changes or Q waves would have been present, the CAD likelihood would be higher in each
entry of the table.

Source: ref. 41.



Fig. 1. Hospital mortality rates by sex and age (unadjusted). (From ref. 10.)

Fig. 2. Algorithm for the work-up of women presenting with stable angina and an intermediate-to-
high CAD probability based on results of medical and physical history. (From ref. 6.)



ischemia. Although specific exceptions were allowed, the AHA/ACC Task Force recom-
mended that standard exercise testing be used in the initial female evaluation (Fig. 3).

Generally, the pretest CAD probability is lower for women, especially for pre-
menopausal women, with a subsequent greater number of false-positives. As a result,
an exercise electrocardiogram (ECG) is a less sensitive diagnostic test for women than
men, and perhaps less specific as well (6). The ACC/AHA Chronic Stable Angina
Guidelines present several reasons for this observation that compare diagnoses in gen-
der, including criteria differences for defining coronary disease; differences in the
prevalence of multivessel disease and prior MI; criteria differences for ST-segment
positivity; differences in exercise type; the inability of many women to exercise to
maximum aerobic capacity; greater prevalence of mitral valve prolapse and Syndrome
X in women; microvascular function differences (leading perhaps to coronary spasm);
and, possibly, hormonal differences (6).
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Fig. 3. Stress testing and angiography algorithm for the management of chronic stable angina.
(From ref. 6.)



However, despite its limitations, it is better to perform exercise testing before stress
imaging, as the combination of a low pretest CAD probability and a negative stress
ECG will be sufficient to rule out a coronary disease diagnosis, obviating the need for
stress imaging (6). The best candidates for an exercise ECG include those women who
are capable of maximal exertional stress (or approx 5 metabolic equivalents [METs] or
higher). If the woman has severe functional impairment, peripheral arterial disease, or
orthopedic limitations, then either dobutamine stress echocardiography or vasodilator
stress signal photon emission tomography (SPECT) imaging is an excellent option.
Additional candidates for cardiac imaging include those women with an abnormal rest
ECG, defined as significant ST-T wave changes that preclude adequate interpretation of
any changes during maximal exercise.

Although 201Tl SPECT and 99mTc sestamibi SPECT imaging have a similar sensi-
tivity for stenosis detection greater than or equal to 70% (84.3% and 80.4%, respec-
tively), 99mTc sestamibi SPECT imaging has superior specificity (84.4% vs 67.2%).
ECG-gated 99mTc sestamibi SPECT imaging has been shown to provide even greater
specificity (92.2%), as well as artifact reduction caused by breast attenuation present
when 201Tl SPECT imaging is used (11). Stress echocardiology can also be used to
avoid breast artifacts; however, echocardiography loses efficacy when used for obese
patients. For elderly patients and those unable to exercise at the required level, phar-
macological stress is an appropriate alternative for both myocardial imaging and
echocardiology.

INVASIVE DIAGNOSTIC TESTS FOR WOMEN 
WITH SYMPTOMS OF STABLE ANGINA

Coronary angiography use as a diagnostic tool may be indicated if a patient’s risk
factors, medical history, and clinical presentation are consistent with an intermediate-
to-high CAD probability. The conditions necessary for recommending a diagnostic
angiogram are presented in Fig. 3.

If a patient’s symptoms are definitive for CAD, a diagnostic angiogram would help
define the patient’s coronary anatomy and the amount of myocardium at risk. However,
if more information is needed before a diagnosis can be made, it is preferable to pro-
ceed with noninvasive testing first, starting with an ECG (despite the limitations previ-
ously noted), proceeding to an exercise imaging study (myocardial perfusion imaging
or electrocardiography) if the ECG is ambiguous. Pharmacological stress should be
used if the patient is unable to exercise. If the patient is not at high risk for a cardiac
event, and if noninvasive testing has provided sufficient information for diagnosis, an
angiogram can be postponed until its need becomes evident in the future.

Much was written about the gender bias issue in the referral for angiography in the
first half of the 1990s, and most observers reported that after age adjustment, women
were still less likely to be referred for a diagnostic angiogram, pecutaneous coronary
intervention (PCI), or coronary artery bypass grafting (CABG). More recent reviews
have indicated a continuation of lower female referral rates for diagnostic angiography
(12). However, once referred, they are generally as likely as men to receive a revascu-
larization procedure (13).

For high-risk women, with either a high coronary disease probability or with unsta-
ble symptoms (e.g., increasing chest pain frequency in the proceeding 6 weeks of eval-
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uation, rest angina, etc.), the decision to perform diagnostic coronary angiography is
supported by an abundance of evidence (6). However, coronary angiography may not
be an option for women who are not good candidates for revascularization, especially
elderly women. For those patients and symptomatic women with an intermediate risk
of coronary disease, the decision to perform diagnostic testing, including exercise
echocardiography or myocardial perfusion imaging, is part of the standard work-up.
Subsequent management ensues for women who undergo noninvasive testing based on
the extent and severity of abnormalities detected during testing.

Risk Factor Management and Anti-Ischemic Therapies for Stable Chest Pain
Recently, there has been a revolution in the medical therapies for CAD management.

Current medical therapy should conform to updated ACC/AHA Treatment Guidelines
(Table 3, Fig. 4, and refs. 14–17). Optimal management is both aggressive and multi-
faceted, targeted to achieve stabilization of existing atherosclerotic plaque and reduce
future risk of ischemic events. The guidelines provide a consistent therapeutic
approach with the understanding that a particular drug (or drugs) may be administered
for more than one purpose. The therapy goals are, of course, to keep patients as symp-
tom-free as possible within their individual tolerance for medication and to configure
prophylactic therapy targeted to abolish ischemia and aggressively treat all abnormal
cardiac risk factors (Tables 4–6). A recent paper by Ridker et al., based on data from
the 27,939 participants in the Women’s Health Study, suggests a potential role of C-
reactive protein in predicting cardiovascular events (18).
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Fig. 4. Treatment.
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Table 3
Anti-Ischemic Therapy for Patients With Stable CAD

LVEF > 40% LVEF < 40%

Recommendation Secondary Q Wave AMI ACE inhibitor (lisinopril)
prevention Long-acting Long-acting metoprolol

metoprolol (if tolerated)
Non Q Wave AMI

Diltiazem or long-
acting metoprolol

+/– ACE inhibitor

Guidelines Symptomatic Maximize existing Maximize existing drug 
ischemia drug therapy therapy

Amlodipine Amlodipine
Long-acting metoprolol Long-acting metoprolol
Isosorbide 5-mononitrate Isosorbide 5-mononitrate

Silent Amlodipine Amlodipine
ischemia Long-acting metoprolol Long-acting metoprolol

Isosorbide 5-mononitrate Isosorbide 5-mononitrate

Diabetics ACE inhibitor 
recommended for 
all diabetics

Table 4
Goals for Risk Factor Management in Symptomatic Women

Risk Factor Goal

Smoking Cessation
Total dietary fat <30% calories
Saturated fat <7% calories
Dietary cholesterol <200 mg/day
LDL cholesterol 60–85 mg/dL (1.56–2.21 mmol/L)

(primary goal)
HDL cholesterol ≥40 mg/dL (1.04 mmol/L)
(secondary goal)
Triglycerides (TG) <150 mg/dL (1.69 mmol/L)

(secondary goal)
Physical activity 30–45 minutes of moderate intensity activity 5

times/week supplemented by an increase in daily
lifestyle activities

Body weight by body mass index (BMI) Initial BMI Weight loss goal
Desirable <25 25–27.5 BMI <25
Overweight 25.0–29.9 27.5 10% Relative weight loss
Obese >30.0 27.5 10% Relative weight loss

Blood pressure <130/85 mmHg
Diabetes HbA1c < 7.0%
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All patients with coronary disease and chest pain symptoms (female and male)
should receive antithrombotic therapy with aspirin (enteric coated) 80–325 mg/day
(19). In the case of an aspirin allergy, clopidogrel 75 mg/day may be prescribed. For
patients undergoing PCI, aspirin plus clopidogrel will be used in accordance with
accepted practice. For patients with stable Canadian Cardiovascular Society (CCS)
class I-III angina, anti-ischemic therapy is outlined in Table 3.

In a recent study, the ability of beta-blockers to prolong life after AMI infarction was
demonstrated conclusively (20). Angiotensin-converting enzyme (ACE) inhibitors also
improve survival rates in several ways, including modulation of the renin angiotensin sys-
tem and beneficial vascular remodeling effects (21,22), and numerous clinical trials have
confirmed the important role of aggressive lipid-lowering and antiplatelet therapy along
with optimal blood pressure control to reduce the progression of coronary heart disease
(CHD) (22–27). ACE inhibitors are indicated for all patients with a depressed systolic
function (<40%) regardless the cause (e.g., prior MI, congestive heart failure [CHF], etc.)
and all diabetics (type 1 and type 2, with or without a depressed left ventricular [LV] func-
tion) unless contraindicated by a severely repressed renal function (6).

Optimal medical management goals for both genders with stable chest pain symp-
toms are detailed in Table 4. These goals include risk factor treatment based on the
sixth report of the Joint National Committee on Prevention, Detection, Evaluation, and
Treatment of High Blood Pressure (JNC-VI) and National Cholesterol Education Pro-
gram Adult Treatment Program (NCEP ATP-III) (Table 5). Although this algorithm
suggests the use of hormone replacement therapy (HRT), recent evidence from the
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Table 6
Guide to Lipid Management of High-Risk Patients With Stable Chest Pain

Primary goal LDL 60–85 mg/dL (1.55–2.20 mmol/L)

Initiating therapy
For subjects on statins other than simvastatin:
LDL (mg/dL) Initial therapy
<60 (1.55 mmol/L) Back titrate to simvastatin at equivalent 1/2 dose
50–85 (1.29–2.20 mmol/L) Simvastatin at equivalent dose
>85 (2.20 mmol/L) Simvastatin dose at one step higher than current 

equivalent

For subjects not on any lipid medication at baseline:
LDL (mg/dL) Initial therapy

<100 (2.59 mmol/L) Simvastatin 10 mg qhs
100–129 (2.59–3.36 mmol/L) Simvastatin 20 mg qhs
>130 (3.36 mmol/L) Simvastatin 40 mg qhs

Titrating therapy
LDL > 85 mg/dL (2.20 mmol/L) Double dose every 4–6 weeks until LDL < 85mg/dL
LDL < 50 mg/dL (1.29 mmol/L) Back titrate to previous dose
LDL > 85mg/dL (2.20 mmol/L)* Add bile acid binding resin and titrate, as necessary

Secondary goals HDL ≥ 40 mg/dL (1.04 mmol/L)
Triglycerides < 150mg/dL (1.69 mmol/L)

* On Simvastatin 80 mg.
Based on the Courage trial.



Women’s Health Initiative trial has removed opposed-estrogen therapy as a secondary
preventive treatment for women with established coronary disease. In Chapter 21, Dr.
Nanette Wenger provides a detailed evaluation of HRT use.

The current standard for antihypertensive therapy is to achieve and maintain a target
blood pressure (BP) of 130/85 mmHg or lower (17). If therapy is needed, an ACE
inhibitor will be considered for first-line therapy, although a beta-blocker without
intrinsic sympathetic activity (ISA), amlodipine, angiotensin II receptor blocker, or a
diuretic may be used. Within each treatment class, attempts should be made to maxi-
mize dosages, as tolerated clinically, to achieve and maintain the desired treatment tar-
gets before adding a second or third agent.

Epidemiological data reveal that women over the age of 55 years are more likely to
have high blood cholesterol than men in the same age groups. Prior to menopause, the
cardioprotective effects of endogenous estrogen result in higher high-density lipopro-
tein (HDL) levels. Consequently, lower HDL cholesterol values are more predictive of
CAD in women (28). It has long been known that hypertriglyceridemia is a risk factor
for coronary disease in women, but not in men (29). Recent treatment guidelines have
been released by the NCEP ATP III (15). This report reiterates that for patients with
CHD, LDL remains the primary therapy target, with a goal of less than 100 mg/dL
(2.59 mmol/L). The Health Protection Study (30) recently reported finding beneficial
effects to lowering LDL cholesterol to less than or equal to 85 mg/dL (2.20 mmol/L).
In ATP III, the definition of low HDL was revised to less than 50 mg/dL (1.30 mmol/L)
for women; low HDL for men was changed to below 40 mg/dL (1.04 mmol/L), up
from the level of less than 35 mg/dL (0.91 mmol/L) used in the first two ATP reports.
ATP III does not explicitly specify a goal for raising HDL. The definition of normal
triglycerides was revised to less than 150 mg/dL (1.70 mmol/L), decreased from the
definition of less than 200 mg/dL (2.26 mmol/L) used in the ATP II report. The new
report defines triglycerides of 150–199 mg/dL (1.70–2.25 mmol/L) as borderline high,
200–499 mg/dL (2.26–5.64 mmol/L) as high, and greater than or equal to 500 mg/dL
(5.65 mmol/L) as very high.

Substantial evidence is available on the lipid-lowering therapies’ effectiveness for
women and men (Figs. 5 and 6). In the Scandinavian Simvastatin Survival Study (4S),
4444 patients with an established CHD diagnosis or stable angina symptoms were
enrolled, treated with simvastatin, and followed for the occurrence of major cardiovascu-
lar events for 5 years. From the 4S study, a 26% reduction in total cholesterol was
observed for women; a rate similar to the overall treatment effect in this study cohort.
Additional reductions in LDL cholesterol and triglycerides were 37% and 16%, respec-
tively. A comparison of the survival benefit of simvastatin treatment is noted in Fig. 6,
where both women and men enrolled in the 4S study had a substantial reduction in major
CHD events in the 6 years following therapy initiation. LaRosa et al. (31) performed a
meta-analysis of five statin trials including a subset analysis for women and the elderly
(Fig. 7). Because of the inclusion of fewer women, the confidence intervals for a treat-
ment effect were larger. However, there is a similar trend in effectiveness for women.

Another major development was announced with the release of the new NCEP III
guidelines: diabetes should now be considered a coronary disease risk equivalent.
Other high-risk groups include those with peripheral arterial disease or significant
carotid stenosis. As such, lipid management goals for diabetics should be similar to
those of patients with established coronary disease (Table 4). Subsequent management
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of diabetics is perhaps even more critical for risk reduction in women; largely in part
because it has long been known that the mortality risk for diabetic women is substan-
tially greater (as much as threefold higher) than that of nondiabetic women (32,33).
This is particularly true for insulin-dependent diabetics. The goal for diabetes manage-
ment in the Clinical Outcomes Using Revascularization and Aggressive Drug Evalua-
tion (COURAGE) trial patients is to maintain fasting blood glucose levels between 80
and 126 mg/dL and HbA1C levels less than 7% (Table 6). These guidelines are in
accord with published recommendations of the American Diabetes Association and the
Diabetes Control and Complications Trial (DCCT) Consensus Report (34,35).

CORONARY ANGIOGRAPHY AND REVASCULARIZATION

Women with chest pain and evidence of provocative ischemia have a lower fre-
quency of obstructive coronary disease than men (36,37). As many as half of all
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Fig. 5. Mean between-treatment group differences (percent change from baseline) for serum lipids in
4S subpopulations. (From ref. 63.)

Fig. 6. Kaplan-Meier survival curves for women and men in the 4S trial: subset analysis of major
coronary events for women and the elderly in five statin trials. (From ref. 63.)



women with chest pain undergoing diagnostic cardiac catheterization have less than
70% coronary stenosis (37). Recent evidence from the WISE trial (Chapter 13) sug-
gests that of the women without significant coronary disease, microvascular disease
may be precipitating ischemia. ACE inhibitor management has been shown to reduce
ischemia frequency in this population (38).

Since the early 1970s, numerous large-scale clinical trials have established the
respective roles of PCI and CABG in patients with stable and unstable CAD. Several
factors contribute to women’s increased risk of complications during their hospital stay
and for up to 30 days after hospital discharge. In addition to their older age of presenta-
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Fig. 7. Relative odds of major coronary events associated with statin treatment from individual trials
and overall by sex and age. Error bars indicate 95% confidence intervals. (From ref. 31.)



tion and greater risk factor frequency, women have a greater degree of acuity on pre-
sentation, smaller body size, and arterial size that contribute in some cases to lower
rates of procedural success, a greater need for recurrent intervention, and less symptom
relief (39–42). It should be noted that numerous reports have shown high rates of pro-
cedural success for women; rates in the range of 90–95% (39–42).

PCI is recommended for a proximal coronary artery stenosis that jeopardizes a large
myocardium area, which may result in severe inducible ischemia and also angina
refractory treatment to medical therapy (1). Catheter-based techniques utilizing coro-
nary stents have likewise improved the procedural success rate of coronary interven-
tions and reduced complications (e.g., restenosis). The recent evaluation of
drug-eluding stents may provide an additional reduction in restenosis rates. In a recent
report by Kastrati and colleagues, the 30-day event rate for women and men undergo-
ing PCI was 3.1% vs 1.8% (p = 0.02; 42). However, long-term outcome was similar at
1-year (men = 6.0%, women = 5.8%, p = 0.77). These results reveal that the presenta-
tion of new onset and acute disease is driving near-term complications (43). In a recent
report in 118,548 patients undergoing PCI, women who underwent coronary stenting
had higher rates of same-admission mortality and urgent CABG when compared with
men (44). Upon event-free survival through hospitalization, the overall therapeutic PCI
benefit for women is equivalent to that of men.

CABG surgery is considered the treatment of choice for patients with significant
obstruction of the left-main coronary artery, as well as for those with triple-vessel CAD
and LV systolic dysfunction. Women who undergo CABG generally have less sympto-
matic relief than men (45). This has been related to smaller-diameter vessels and more
incomplete revascularization. In a recent study conducted in Western Sweden, women
had more symptoms (dyspnea and chest pain) and physical limitations prior to and up
to 5-year post-CABG than men (45). In a recent review from the New York state data-
base of 19,224 patients undergoing CABG, smaller female body surface area resulted
in a lesser degree of revascularization (46). Women also had a lower rate of internal
mammary artery use. In conjunction with advanced age and greater comorbidity, these
factors predispose women to higher in-hospital mortality. Similar results were noted in
the Society of Thoracic Surgeons (STS) database of 441,542 patients (47). Despite dif-
ferences in near-term outcomes, female sex is not associated with late morbidity and
mortality following CABG (48).

Off-pump bypass surgery, in preliminary studies, has not resulted in a dramatic
improvement in in-hospital outcomes for women, owing largely to advanced age and
greater comorbidities (49). Recently, fast-track recovery programs have been used to
promote the early discharge of patients post-CABG. Early extubation is possible in
more men than women (74% vs 64%, p = 0.03; 50). Generally, women have a longer
recovery interval compared to men, which is a reflection of their higher preoperative
risk profile (51). Although lower participation rates have been noted, women who par-
ticipate in cardiovascular rehabilitation programs have a definite improvement in
health-related quality of life and social functioning (52).

Postprocedure Management of Recurring Symptoms
Because women have less symptom relief, new, worsening, or “breakthrough”

angina may still be a problem even after coronary revascularization. Guidance for this
situation is currently under investigation in the COURAGE trial. The COURAGE trial
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is enrolling 2546 patients with mild-to-moderate CAD randomized to optimal medical
therapy when compared to PCI plus optimal medical management. In the case of
women with a angina deterioration, the following recommendations have been put
forth:

1. In all patients whose angina deteriorates to CCS class II–III angina, medical therapy will
be intensified; if the patient stabilizes to CCS class I–II, medical therapy will be contin-
ued indefinitely.

2. If symptoms do not stabilize or progress after 6–8 weeks of maximum medical therapy,
it is recommended that patients undergo stress testing with ECG-gated SPECT sestamibi
myocardial perfusion imaging. If there is a high-risk result (LV ejection fraction [EF]
<35% or severe reversible ischemia), the patient should undergo catheterization and
revascularization as clinically indicated.

If a patient destabilizes after being randomized to PCI plus intensive medical ther-
apy, the following guidelines are recommended:

1. For patients with CCS class I–II, and no evidence of spontaneous ischemic ECG changes
at rest, a repeat stress test (exercise or pharmacological) with ECG-gated SPECT ses-
tamibi imaging is recommended. If perfusion imaging shows moderate-to-severe evi-
dence of inducible ischemia or worsening LV function, including evidence of severe
dysfunction (i.e., EF <35%), the patient should undergo repeat coronary angiography.

2. If the patient is CCS class III–IV after maximizing medical therapy, repeat cardiac
angiography and/or PCI should be performed.

Gender Bias in Treatment
Despite the abundance of clinical evidence that supports a substantial therapeutic

benefit for an array of medical therapies, several studies have documented underuse of
aspirin, beta-blockers, heparin, statins, and thrombolytics in women (53). In a recent
study using the National Ambulatory Medical Care Survey in Outpatients
(1980–1996), overall aspirin use for patients with an established CAD diagnosis was
26% lower for women. Albeit, aspirin use was inadequate for both genders, helping
29% of men and 21% of women (54). Additionally, women are less often counseled
about nutrition, exercise, and weight control (28).

In a patient cohort presenting with stable symptoms and undergoing noninvasive
assessment for provocative ischemia, women were 25% less likely to have any addi-
tional work-up following an abnormal noninvasive test (55). The lack of follow-up in
this female cohort, including lower rates of coronary revascularization, precipitated a
greater number of cardiac deaths or MIs. More recent data reveal an underutilization of
exercise treadmill testing and cardiac catheterization in women when compared with
men (56,57). More than 90% of women who met ACC/AHA class I criteria for cardiac
catheterization did not undergo angiography (56). Also, in higher risk patients, women
were less likely to be offered CABG following AMI (58).

CONCLUSION

Certainly, one should consider whether differential (nonspecific) presentation in
conjunction with undertreatment has contributed to the higher case fatality rate of
women. A substantial amount of evidence suggests that on diagnosis, the initiation of
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life-saving therapies can provide considerable benefit to women. Early and aggressive
management has been shown to lower risk and result in a reduced need for repeat inter-
vention (59–62). For these reasons, we believe that although there are many differences
in presentation, degrees of comorbidity, onset age, and other factors that may con-
tribute to differential clinical outcomes, current treatment regimens applied consis-
tently for both genders can be effective in reducing the risk of major adverse cardiac
events in women and men alike.
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SCOPE OF THE PROBLEM

Coronary heart disease (CHD) is the single leading cause of death among American
women. In 1997, all cardiovascular diseases (CVD) combined claimed the lives of
more than 502,938 women. In the same year, 450,172 men died from these diseases
(1). Following a myocardial infarction (MI), 42% of women die when compared with
24% of men (1). During the first 6 years after a heart attack, the rate of having a second
attack is 33% for women and 21% for men. In addition, two-thirds of women who
experience sudden death from coronary artery disease (CAD) have no known disease
in comparison to only one-half of similar deaths in men (2).

MODIFIABLE RISK FACTORS

Although men and women share many risk factors, disturbing trends exist in the
prevalence of risk factors in women (2). Tobacco use remains the leading cause of
CHD in women and, although the US prevalence of women smokers is declining, this
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decline is less for women than for men (2). Obesity remains a significant CVD risk fac-
tor, yet the percent of obese American women increased over the past 15 years from
16.5% to 24.9% (3). Increased serum cholesterol is also a risk factor for CHD in both
men and women, yet from 1980 to 1991, more than the half of women above age 55
had elevated lipid levels (2).

MANAGEMENT OF WOMEN WITH CHD

CHD evaluation and management in women is more challenging, resulting from
sex-based differences in the clinical presentation of ischemic heart disease and the
accuracy of diagnostic testing (2). Additionally, women’s mortality following an MI is
three times that of men and may account for disparities in the use of diagnostic and
therapeutic procedures (4). Results from the Myocardial Infarction Triage and Inter-
vention (MITI) registry suggest that sex-based differences in mortality after an MI are
associated with a lower likelihood of women receiving cardiac catheterization, angio-
plasty, thrombolysis, or coronary bypass surgery (5). Numerous studies have shown
that women undergo fewer diagnostic and treatment procedures, although some fail to
find a sex-related bias after adjusting for cofounders (6–13). Gender-based differences
in pharmocological therapy have also been documented. Despite clear indications, sev-
eral authors have reported a decreased use of beta-blockers, angiotensin-converting
enzyme (ACE) inhibitors, and cholesterol-lowering medication (7,8,14).

PHYSICIAN PRACTICE VARIATION

Wide variations in physician care patterns have been recognized across a range of
clinical conditions (15). A large body of evidence also demonstrates performance gaps
between generally accepted care guidelines and the actual care delivered (16,17). Stud-
ies suggest that an average of 17 years is necessary for research evidence to reach clin-
ical practice (18,19). Optimizing the diagnosis and management of coronary disease
requires a concerted effort to overcome the barriers that prevent new scientific knowl-
edge being translated into improved clinical care. The practice of true evidence-based
medicine requires health care professionals to have a balanced knowledge of basic sci-
ence advances, clinical technology assessment, disease epidemiology, and clinical
decision making (20). Primary care physicians typically spend most of their profes-
sional time caring for and managing patients with a broad array of clinical syndromes
and multiple comorbidities. Over the past two decades, the number of clinical trials in
cardiology alone has increased fivefold (18,19). Primary care practitioners are gener-
ally ill-prepared to efficiently absorb and act on this accelerating volume of new infor-
mation. As a result, timely, usable, and easily accessible practice guidelines are crucial
in order to bring high-quality information within the busy practitioner’s grasp. This
chapter reviews the evidence regarding effective implementation of clinical guidelines
and highlights the most promising approaches to promote evidence-based clinical prac-
tice in primary care settings.

CHANGING PHYSICIAN PRACTICES

The resistance of clinical practice to change is a longstanding problem. Most physi-
cians treat patients according to their personal medical knowledge and individual clini-
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cal experiences. These heuristics vary from practitioner to practitioner, perhaps
accounting for much of the clinical practice variations. Such variations, as well as sub-
optimal practice evidence, have led to several efforts to change physician practice.
There are five general methods of changing physician practices: education, administra-
tive restrictions, financial incentives, performance feedback, and health system
redesign (see Table 1).

A systematic review found that continuing medical education (CME) courses of 1
day or less have little impact on changing practice (21). Opinion leaders and academic
detailing tended to have a more positive effect (21). Clinical opinion leaders can be
powerful champions for guidelines. Academic detailing is based on pharmaceutical
detailing and involves short one-on-one conversations where the “detailer” provides
information and attempts to persuade the “detailee” to change behavior. Education in
the form of clinical practice guidelines has gained popularity as a means of influencing
physician’s practice. However, there is general awareness that dissemination alone has
little measurable impact on guideline implementation (22).

Another alternative is to mandate change through administrative restrictions.
Although interventions designed to restrict physician practice are widely used, they can
be costly, burdensome, and unpopular. Financial incentives and penalties have been
shown to produce change, but are more effective when applied to salaried physicians or
physicians providing care to insured patients under one managed care plan.

Feedback, providing physicians with information as to how their practice compares
with that of their peers, has been demonstrated as successful when accompanied by
timely and relevant information, appearing more successful for out-patient than for in-
patient services (23). Feedback has also been an effective intervention when accompa-
nied by a practice-reinforcing strategy (e.g., a reminder system) or an intervention that
focuses on the health delivery system as a target for change as opposed to focusing on
physician behavior alone (24). Physician support is crucial to successful health care
quality improvement. Physician profiling can be useful to flag potential problems,
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Table 1
Strategies for Changing Physician Practice

Education
Continuing medical education
Academic detailing

Administrative restrictions
Precertification
Drug formularies

Financial incentives
Quality bonuses
Capitated payments for ancillary services

Performance feedback
Physician profiling
Quality report cards

Health system redesign
Automated prompts
Condition-specific mini-clinics



serve as a catalyst for positive change, and foster an awareness of the accountability to
which physicians are held. However, a recent review found that physician profiling
alone had minimal impact on the clinical procedure utilization (25–27).

PRACTICE GUIDELINES

Practice guidelines are guides for physician decision making in the ambulatory care
setting. In contrast, Clinical pathways tend to be procedure-oriented and used primarily
in the in-patient setting. Practice guidelines can include recommendations for disease
diagnosis, treatment, health maintenance, primary prevention, patient education, and
self-management. (Published guidelines often exceed 30 pages in length.) Ideally, key
points are extracted and presented in an annotated algorithm, which can graphically
represent the thinking process that physicians follow in patient management. Algo-
rithms consist of a set of boxes containing either “yes or no” questions that are user
friendly and efficient discriminators (28). The efficiency of a given question or charac-
teristic to separate patients into clinically meaningful subgroups depends largely in part
on the variable’s sensitivity, specificity, and predictive power.

Algorithms that include both diagnostic and treatment modalities are referred to as
management algorithms. Their primary function is to identify patients who do or do
not stand to benefit from a particular diagnostic or treatment strategy. Algorithms are
easily computerized and can be linked to clinical information systems. Medical spe-
cialty societies, physician groups, pharmaceutical companies, and others have pro-
duced more than 1500 sets of clinical guidelines (29).

The design and development of good clinical practice guidelines has become a sci-
ence. This design includes a methodology that bases the guideline on best available
evidence, using tools for comprehensive multilingual literature to search and summa-
rize data that enables grading both the evidence and practical recommendations (30).
Clinical practice guidelines can usefully digest vast amounts of evidence regarding
important clinical problems into a readily useable format. Unfortunately, the rapid pro-
liferation of guidelines has not been matched by the consistent use of sound guideline
development methods (31). Even the most straightforward guidelines may be produced
by more than one organization, where conflicting recommendations exist. Many guide-
lines offer thorough reviews and carefully worded consensus statements from expert
panels that are not helpful to practicing physicians (32). Positions are usually reached
through consensus rather than decision analysis or vote. Therefore, the final recom-
mendations tend to classify a minority of interventions as “inappropriate” or “always
indicated” and leave large clinical gaps for which the use of an intervention is neither
inappropriate nor unequivocally appropriate.

USING CLINICAL GUIDELINES TO CHANGE PRACTICE

Despite the appeal of evidence-based health care, the current challenge is how best
to disseminate and implement guidelines in a way that leads to measurable improve-
ments in the quality of care delivered. Clinical guidelines’ dissemination implies a sys-
tematic process to confirm that the guideline reaches the clinician, and the clinician
learns and uses it. The incorporation of new treatment recommendations into general
practice is commonly delayed by slow dissemination of the recommendations and by
the medical community’s reluctance to accept them. Traditionally, it was assumed that
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information synthesized and disseminated by respected national authorities reliably led
to change in physician clinical behavior. However, research has demonstrated that dis-
semination alone has little measurable effect on guideline physicians implementation
(23). Dissemination may increase knowledge and modify attitudes, but it has little
influence on behavior and consequent outcomes. A systematic review of the effects of
clinical practice guidelines on patient outcomes in primary care found little evidence
that guidelines improved patient outcomes (33).

Newer behavioral models postulate a more complex sequential process to guideline
adherence (see Fig. 1; 34). Physicians initially unaware of a specific guideline must
first become aware of it (awareness), then intellectually agree with it (agreement), then
decide to follow it in their practice (adoption), and finally succeed in following it at the
appropriate times (adherence). Progression along the path to adherence can stop at any
point for a variety of reasons. Efforts to improve guideline compliance may be better
targeted by understanding where failure occurs in the progression from preawareness
to adherence, as well as by identifying the physicians, practice settings, and situations
for which progression at each step is less likely (34).

There are three general strategies for implementing clinical guidelines: continuous
quality improvement (CQI), academic detailing, and re-engineering. CQI is also
known as total-quality management, requiring a systematic internal operation examina-
tion of the organization and focusing on the identity and implementation in improving
overall performance. It is a participative systematical approach to changing practice
patterns. The evidence that CQI interventions improve primary care delivery according
to clinical guidelines is disappointing (26,27,35–37).

As previously discussed, academic detailing focuses on physician behavior change.
A key or influential decision maker is recruited to provide group and one-on-one con-
sultation with peers. Academic detailing is best at illustrating that the new guideline is
an improvement over existing processes. It is less likely to be successful when the
guideline is complex or when an organizational change, rather than physician-specific,
is required (21). Academic detailing has been successful in the hospital setting, but is
less well-studied in out-patient settings.

Re-engineering is a top-down rethinking and redesign of fundamental care delivery
processes. It requires the buy-in of top-level administration and is not likely to succeed
if there is no awareness in the organization of a performance gap and a major opportu-
nity for improvement. Because of the uniqueness of each health care organization or
practice, it is unlikely that case reports of re-engineering successes are generalizable
across primary care settings.

SUCCESSFUL STRATEGIES FOR CHANGING PRACTICE

Changing clinical practice is complex. The implementation and facilitation of
change is most likely to succeed if careful consideration is given to a combination of
implementation tools that meet the unique educational, practice, and system character-
istics of the target audience (see Table 2).
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What do physicians say that they want? Clinicians are interested in credible guide-
lines endorsed by respected colleagues and professional organizations (38). They want
information presented concisely with evidence synopses and patient benefit quantifica-
tions that are likely to accrue. As previously stated, however, knowledge is necessary,
but not sufficient to ensure the adoption of evidence-based practice. The practice envi-
ronment and incentives for change are critical. Rather than try to make individual
physician behavior comply with guidelines, leaders should affect organizational poli-
cies that ensure physician compliance.

Clinical decision support for providers is likely to be most valued by primary care
physicians. The key to success is simplicity; one-page summaries, evidence tables,
reminders, and algorithms have been well received. Many practice guidelines define
descriptor variables in general or nonspecific terms, e.g., “increased risk” or “abnor-
mal.” Qualitative descriptors defeat an algorithm’s usefulness for clinicians who face a
decision in how to manage a particular patient. For example, quantitative information
about threshold values is key. Algorithms result in faster learning, higher retention, and
better compliance with established practice standards (39). An additional benefit to
algorithms is that they are readily translatable into computerized formats, thus facilitat-
ing clinical decision support.

Patient-specific clinical decision support is one of the most promising strategies for
quality improvement. Computerized decision support systems may assist the physician
by (1) providing ready access to appropriate knowledge or protocols, (2) involving
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Table 2
Examples of Factors That Can Facilitate or Hinder Guideline Adherence

Guideline characteristics
Complexity
Source
Evidence base

Patient characteristics
Health care beliefs
Insurance coverage
Comorbidities

Physician characteristics
Awareness of performance gap
Specialty training
Degree of involvement in guideline implementation

Practice characteristics
Practice size
Group practice style
Delegation of patient care tasks
Appointment availability

Organizational factors
Automated clinical information systems
Staff and professional development programs
Administrative commitment and reinforcement

Environmental factors
Geographical accessibility
Health care payor policies



patients in the decision-making process, and (3) providing a rational aid to the diagno-
sis or probable outcome based on patient-specific data (40). An example of the latter
system is the cardiovascular risk calculator, which determines an individual’s risk of a
cardiovascular event based on the Framingham data.

Prompting physicians leads to significant health maintenance improvements (18,19).
Traditional prompting tools include checklists attached to patient charts, tagged notes,
prompting stickers, and patient-carried prompting cards. The beneficial effect of
prompting is extinguished soon after the prompting is discontinued; thus, physicians
need a low-cost and sustainable prompting strategy. One such strategy may be to use
automated analyses of patient-specific diagnostic or treatment information. Existing
examples include drug interaction alerts and preventive care reminders. In order to
realize the full potential of this technology, computerized databases need to be linked,
and patient-specific information should be provided to the clinician with clinical deci-
sion making, which is generally during the time of care delivery.

In an effort to narrow the gap between current practice and the best evidence, online
medical information retrieval systems are increasingly available, particularly on the
Internet. However, research has shown that information systems are not well integrated
into clinical practice (41–43). In a recent study, Hersh (41) showed that, whereas the
average physician has an unmet information need in two out of every three patient
encounters, on-line retrieval systems are only used a few times per month. One promis-
ing strategy is to provide physicians with access to current treatment guidelines on
wireless handheld devices. Wireless systems have an advantage over office-based com-
puters as they can be integrated more seamlessly into clinical settings. By allowing for
access to clinical information at the point of care, physicians may retrieve and use the
guideline information on a more consistent basis during the patient encounter.

WOMEN’S HEALTH IMPLICATIONS

Despite the prevalence of heart disease in women and the evidence that hyperlipidemic
women are likely to benefit from lipid-lowering therapy, several studies have shown that
treatment patterns are suboptimal. The Prospective Randomized Evaluation of the Vas-
cular Effects of Norvase Trial found that almost half of women with arteriographically
demonstrated CAD had elevated low-density lipoprotein (LDL) cholesterol levels
throughout follow-up (44). Baseline lipid management in the Heart and Estrogen Prog-
estin Replacement Study (HERS), a cohort of 2763 women with clearly defined CHD,
showed similar results (14). More than half of the postmenopausal women were not tak-
ing any lipid-lowering agents. Those taking medication were either not adherent or did
not have their dosage titrated to achieve recommended treatment goals. As a result, 91%
were not at goal as defined by the 1993 National Cholesterol Education Program-Adult
Treatment Panel (NCEP-ATTP) treatment goals. Given that the entire study population
were volunteers, it is possible that the cohort was healthier and more health-conscious
than the general population. In addition, lipid management may be more favorable in the
cohort than in usual clinical practice. Similar findings have been reported for other pre-
ventive cardiac therapies. The use of established therapies, such as aspirin, beta-block-
ers, and ACE inhibitors following MI is low for women as well as men (8,45,46).

Primary prevention begins with young adults, taking advantage of routine care and
“well visits.” Primary care providers that assess primary prevention programs for
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female patients should use well visits to briefly inquire about menstrual history, smok-
ing history, physical activity, and diabetes symptoms. The physical examination should
include body weight, height, and blood pressure, and the laboratory evaluation should
include total and high-density lipoprotein cholesterol. Identification is the first step in
risk factor modification. Once identified, women need active management of all modi-
fiable risk factors.

Why haven’t clinically proven prevention strategies been more widely adopted for
women with heart disease? Many studies have found that women with coronary disease
also carry diagnoses of diabetes, hypertension, and congestive heart failure. Some evi-
dence suggests that women are more likely than men to have these comorbid condi-
tions (47). The presence of comorbid diseases may lead primary care physicians to be
more reluctant in offering diagnostic or therapeutic options, despite their proven clini-
cal effectiveness. Additionally, the later CAD onset in women may affect both patients’
and providers’ perceptions of heart disease. This delay may also contribute to the less
aggressive diagnosis and treatment in women (48).

The fragmented organizational structure of primary care services in our country and
the traditional independence of individual practitioners means that there is no “one size
fits all” solution. Usable, timely, and easily accessible practice guidelines are necessary
to place high-quality evidence-based clinical information into the grasp of busy practi-
tioners. Facilitating change in primary care practices is most likely to succeed if careful
consideration is given to the unique characteristics of out-patient primary care prac-
tices as opposed to hospital-based specialty practices. Explicit and concise guidelines
and algorithms are needed to aid decision making, and these guidelines must accom-
modate the range of patients seen by primary care providers. Clinical practice guide-
lines need to acknowledge the prevalence of comorbid conditions and provide
recommended diagnostic or therapeutic options given the most common comorbidities.

One successful example of this strategy is the National Heart, Lung, and Blood
Institute hypertension guideline that classifies patients into several risk groups based
on both blood pressure level and coexisting diseases (49). The guideline offers specific
treatment recommendations and goals for patients with coexisting diseases. However,
previously indicated physician knowledge is necessary, but not sufficient, to ensure evi-
dence-based practice. Improved accessibility of clinical information should be accom-
panied by organizational changes that facilitate the conversion of new knowledge into
improved clinical practice. Patient-specific clinical decision support, including auto-
mated reminders and prompts, seem to be the most promising strategy.

The overwhelming evidence suggests that women face a disparity in coronary dis-
ease evaluation and treatment. Primary care physicians play an important role in the
identification and treatment of risk factors and comorbidities. The integration of these
proven therapies into the routine care of all heart disease patients requires identifying
and overcoming the current optimal treatment barriers.
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B. Evaluation of Acute Ischemic
Syndromes in Women



INTRODUCTION: DEFINING THE PROBLEM

Coronary artery disease (CAD) is the leading cause of mortality among North Ameri-
can women, claiming nearly 500,000 lives each year. Cardiovascular disease (CVD) also
ranks first among all disease categories in women for hospital discharges. In an attempt to
combat this dominant cause of death, approx 2.5 million women are hospitalized annually
for the evaluation of possible cardiovascular illness, but fewer than 40% of these patients
are ultimately found to have a cardiac etiology of their symptoms (1,2). Current evalua-
tion practices lack both the sensitivity to appropriately identify female patients at risk for
acute coronary syndrome (ACS) and the specificity to avoid unnecessary in-patient hospi-
talization. Additionally, the present medicolegal climate exerts tremendous pressure on
physicians to both accurately and efficiently evaluate all patients with chest discomfort.

Why does correct CAD and ACS diagnosis continue to be elusive in the female popula-
tion? There are several important explanations and even more that have yet to be studied.
First, women with ACS present differently than men. Second, current clinical standards
may not appropriately or effectively evaluate women. This chapter outlines and reviews
classic and current literature that illustrates appropriate evaluation of women who present
with possible ACS, highlighting important gender differences.

BACKGROUND

The underlying risk of CAD at presentation with chest discomfort is heavily influ-
enced by the patient’s sex and age. Epidemiological data from the Framingham Heart
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Study shows that women have first CAD diagnosis approx 10 years later than men, but
elderly women have rates similar to age-matched male counterparts (3). Knowing that
CAD prevalence in elderly women is equal to that of men does not solve the evaluation
problem. Pope et al. found that in patients with acute ischemic syndromes, women
below the age of 55 were most likely to be discharged from the emergency department
(4). To make this issue more challenging, women are more likely to experience clini-
cally “silent” myocardial infarctions (MI), where nearly half of all MIs in women are
clinically unrecognized (3,5). Even women themselves tend to attribute potential ACS
symptoms to other causes (6). Perhaps partly attributable to these characteristics, both
invasive and noninvasive chest discomfort evaluation are often delayed in women
(7–9).

To compound this problem, when women are referred for testing, many are not
found to have significant CAD even when presenting with typical anginal symptoms.
In a study of 1000 women below 50 years old undergoing angiography, only half of
those thought to have typical anginal symptoms had significant CAD (10), which
implies that traditional methods and protocols to evaluate chest discomfort may not be
sufficient in the female population.

Even if CAD and ACS are correctly diagnosed in female patients, there are contin-
ued obstacles in further evaluation and treatment. Female patient management with
unstable angina or non-Q-wave MI tends to be less aggressive (11). Women with
known CAD and ongoing symptoms of angina pectoris are still considerably less likely
than men to undergo cardiac catheterization or revascularization procedures (12). In
patients with known CAD, women generally have a worse initial prognosis after med-
ical therapy, angioplasty, and bypass surgery than their male counterparts (13–15).
However, long-term survival outcomes may not necessarily be compromised (16).

Overall, the methods for evaluating chest pain and possible ACS have progressed in
recent years. Only a decade ago, patients with symptoms suspicious for ACS were
admitted to a coronary care unit to “rule out” acute myocardial infarction (AMI), a
process that may have taken several days. Sophisticated diagnostic technologies and
increasing financial pressures have condensed current evaluation to as little as several
hours in the emergency department setting from the previous duration in the hospital
setting. Technological advances have allowed rapid serial cardiac marker determination
and diagnostic testing in the setting of chest pain evaluation units (CPUs).

In these units, accelerated protocols that involve serial electrocardiogram (ECG)
acquisition, serial cardiac marker determination, and diagnostic testing efficiently and
cost-effectively evaluate patients with a low-to-moderate likelihood of cardiac chest
pain (17–20). Current protocols vary from various institutions, but most incorporate
serial ECGs and cardiac markers over a period of 6 to 12 hours followed by a testing
type, such as an exercise ECG (exercise treadmill testing [ETT]), rest or stress
radionulcide imaging, or echocardiography. However, current chest pain evaluation
protocols may not properly evaluate certain populations, particularly women.

Tailoring medical evaluation and treatment to specific populations and genders is
not a new concept. For instance, abdominal pain etiologies are vastly different in
women, even when accounting for differences in reproductive organs. Certain races
and ethnic groups are predisposed to particular disease processes: African-American
patients are linked to sickle cell disease, Native Americans to biliary tract disease, and
Asians to hepatic and gastric carcinomas. Continued study and further experience with
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CPUs will assist in understanding gender-specific issues in the presentation, evalua-
tion, and treatment of women with chest discomfort.

RISK STRATIFICATION

When evaluating female patients (or any patient) with chest discomfort, the pres-
ence or absence of numerous factors lead to an overall assessment of ACS risk or
likelihood. These factors are derived from an initial goal-directed evaluation to deter-
mine the diagnoses at highest likelihood followed by more specific studies to narrow
the possible diagnoses. For potential ACS patients, these may include cardiac risk
factor assessment, physical examination, ECG, determination of cardiac markers,
and, ultimately, diagnostic and prognostic testing. In aggregate, the results from these
assessments can be used to assign a patient to a particular risk stratum and help guide
further disposition and therapy. Risk stratification places a patient on a continuum,
and regardless how low a patient’s risk may seem, the risk is never zero for any indi-
vidual. Each of these evaluation components are discussed in the following subsec-
tions. One helpful approach may be to categorize patients into subsets of five-risk
strata (A–E), thereby guiding appropriate and timely evaluation. A representative
flowchart is presented in Fig. 1.
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Fig. 1. Suggested approach to the evaluation of women with symptoms consistent with possible acute
coronary syndrome.



Initial Evaluation
All patients who present with acute nontraumatic chest discomfort should be evalu-

ated for potential ACS. The differential diagnosis of acute chest discomfort is vast and
can involve many different organ systems. Aside from ACS, the differential diagnosis
includes pulmonary embolism, aortic dissection, pericarditis, musculoskeletal chest
pain, gastroesophageal reflux disease, and pleurisy. A careful history and physical
examination combined with appropriate preliminary diagnostic studies (e.g., ECG,
chest radiograph, and/or arterial blood gas) are essential. Tables 1 and 2 show how
information from the initial history, physical examination, and ECG may be helpful in
determining both the probability of underlying CAD in a patient with chest pain and
estimating that patient’s qualitative risk. Further laboratory evaluation and diagnostic
testing should be guided by this initial assessment.

230 Coronary Disease in Women

Table 1
Likelihood That Signs and Symptoms Represent an ACS Secondary to CAD

Cardiac markers Elevated cardiac Normal Normal
TnI, TnT, or 
CK-MB

Source: ref. 97.

Feature High likelihood

Any of the following:

Intermediate likelihood

Absence of high-likeli-
hood features and
presence of any of
the following:

Low likelihood

Absence of high- or
intermediate-likeli-
hood features but
may have:

History Chest or left arm
pain or discomfort
as chief symptom
reproducing prior
documented
angina

Known history of
CAD, including
MI

Chest or left arm pain
or discomfort as
chief symptom

Age > 70 years
Male sex
Deabetes mellitus

Probable ischemic
symptoms in
absence of any of
the intermediate
likelihood
characteristics

Recent cocaine use

Examination Transient magnetic
resonance
hypotension,
diaphoresis,
pulmonary edema,
or rales

Extracardiac vascular
disease

Chest discomfort
reproduced by
palpation

ECG New, or presumably
new, transient ST-
segment deviation
(≥0.05 mV) or
T-wave inversion
(≥0.2 mV) with
symptoms

Fixed Q waves
Abnormal ST seg-

ments or T waves
not documented to
be new

T-wave flattening or
inversion in leads
with dominant
R-waves

Normal ECG
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Table 2
Estimation of Short-Term Risk of Death or Nonfatal MI in Patients With Unstable Angina

Adapted from ref. 97.

Feature High risk Intermediate risk Low risk

At least one of the
following features
must be present

No high-risk feature
but must have one of
the following

No high- or interme-
diate-risk feature
but may have any of
the following
features

History Accelerating tempo
of ischemic symp-
toms in preceding
48 h

Prior MI, peripheral or
cerebrovascular
disease, or CABG,
prior aspirin use

Character of pain Prolonged ongoing
(>20 min) rest
pain

Prolonged (>20 min)
rest angina, now
resolved, with
moderate or high
CAD likelihood

Rest angina (<20 min)
or relieved with rest
or NTG

New onset CCS
Class III or IV angina

in the past 2 weeks
without prolonged
(>20 min) rest pain,
but with moderate
or high CAD likeli-
hood (see Table 1)

Clinical findings Pulmonary edema,
most likely owing
ischemia

New or worsening
magnetic reso-
nance murmur S3
or new/worsening
rales

Hypotension,
bradycardia, or
tachycardia

Age >75 years

Age > 70 years

ECG Angina at rest with
transient ST-seg-
ment changes
(>0.05 mV)

Bundle-branch
block, new or
presumed new

Sustained ventricular
tachycardia

T-wave inversions
(>0.2 mV) Patho-
logical Q wave

Normal or unchanged
ECG during an
episode of chest
discomfort

Cardiac markers Markedly elevated
(e.g., TnT or TnI
>0.1ng/mL)

Slightly elevated (e.g.,
TnT > 0.01, but <0.1
ng/mL)

Normal



Risk Factor Assessment
Traditional risk factors, such as age, gender, diabetes, smoking, hyperlipidemia, and

family history, were originally identified from studies in predominantly male popula-
tions (5,21). The postmenopausal state is an additional high morbidity risk factor spe-
cific to women (22).

Age, sex, and menopausal status are significant factors in the evaluation of acute
chest pain in women. The Acute Coronary Ischemia–Time Insensitive Predictive
Instrument database demonstrated an overall AMI prevalence twofold higher in males
in all age groups (23). However, CAD incidence although lower in age-matched males
than in young and middle-aged women, increases significantly after 45 years of age
and equals that of males after age 75 (3).

Diabetes is one of the most significant risk factors in the assessment of potential
CAD in women and seems to differentially affect women. Among genders evaluated
for symptomatic CAD, women are more likely to have diabetes, and diabetic women
have significantly higher mortality rates from CAD than their nondiabetic female coun-
terparts, as well as diabetic or nondiabetic men (24,25). The diabetes effect is believed
to be primarily because of its effect on lipid levels and blood pressure, and it negates
the protective effect of hormonal status.

Smoking as few as one to four cigarettes per day is associated with up to a four times
greater CAD risk (26). The impact of this largely modifiable risk factor is similar in
women and men, exceeding that of family history, obesity, sedentary lifestyle, and even
age. Smoking cessation results in a return to baseline risk level in as little as 3 years.

Hyperlipidemia ranks similar to smoking in its overall contribution to CAD. As with
other risk factors, there are gender differences in lipid assessment. In males, elevated
low-density lipoprotein (LDL) levels are associated with an increased CAD risk. In
contrast, female high-risk parameters include decreased high-density lipoproteins
(HDL) and high triglyceride levels (TG, 27–29).

Hypertension commonly affects men and women greater than age 65. Both diastolic
and systolic hypertension has been associated with an increased CAD risk (30). The
immediate hypertension assessment in the acute setting may be unreliable owing to
anxiety or pain. A history of hypertension or an extremely elevated pressure should be
considered in risk factor assessment.

The postmenopausal state is associated with a decrease in endogenous estrogen pro-
duction and an increase in CAD incidence. Estrogen likely exerts its effect by altering
blood pressure, insulin sensitivity, coagulation, atherogenesis, platelet aggregation, and
vasomotor tone (31–33). Postulations of estrogen’s protective effects have been largely
based on epidemiological studies (24,34). With opposed or unopposed estrogen, obser-
vational studies indicated that hormone replacement therapy (HRT) was associated
with a 70–90% decline in death or the composite of death and MI among post-
menopausal women, with its greatest effects in those with known CAD (35–39). Con-
versely, the Heart and Estrogen Progestin Replacement Study (HERS), a randomized
trial of HRT vs placebo, found no overall HRT effect for secondary CAD prevention in
postmenopausal women (40,41). However, although the exact effects of the loss of
endogenous estrogen production remains unclear, and the role of HRT is in question,
postmenopausal status should still be considered a major risk factor in the evaluation of
women with possible ACS.
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Many cardiac risk factors are interdependent, which can make the assessment of
their individual contribution to risk difficult to determine. For instance, HRT can
improve many lipid parameters, but at the same time, can increase triglycerides and
enhance thrombosis. Diabetes indirectly increases serum lipids. Both smoking and the
postmenopausal state are associated with a rise in vascular reactivity. The interactions
are complex and certainly not mutually exclusive.

Clinicians that evaluate women with ACS symptoms should carefully screen for all
previously mentioned risk factors. This information should be used to help assess the
chance that a woman presenting with chest discomfort has underlying CAD, but should
not be used to rule in or rule out an ACS diagnosis (Table 3).

Clinical Features
Recent work suggests that significant differences may exist in ACS presentation

between genders (42–44). Women often present atypically, making their initial evalua-
tion more difficult. Atypical presentations generally refer to the signs and symptoms
that differ from what is traditionally known as the male presentation of ACS. Current
knowledge suggests the classic textbook listing of substernal pressing chest pain that
radiates down the left arm, associated with nausea and diaphoresis, might need to be
revisited when assessing female patients. A modified listing may be more appropriate
in female patient assessment (Table 4).

Chest pain is considered to be the classic presenting ACS symptom; however, data from
the Framingham study indicate that although women have chest pain more frequently, this
pain rarely resulted in AMI (45). The Coronary Artery Surgery Study (CASS) showed that
half of all women undergoing cardiac catheterization for angina symptoms and presump-
tive CAD did not have significant obstruction (46). Yet, other studies have shown that the
predictive value of anginal chest pain does increase with age (3).

Despite the abundant data that proves chest pain is not a reliable predictor for ACS,
chest discomfort remains the most common symptom among women with AMI as in
men as well (47). However, women may both describe and perceive their chest pain dif-
ferently. Goldberg et al. surveyed symptoms from a group of 550 women with validated
AMI and compared them with a similar male cohort, finding that women were more
likely to complain of associated neck pain, back pain, jaw pain, or nausea. Conversely,
men were more likely to complain of diaphoresis. Differing pain presentations and
descriptions in women have been noted in other studies, indicating a higher pain likeli-
hood in the lower jaw and teeth, both arms, shoulders, back, and epigastrium (48,49). In
other studies, women more often tended to have less classic ACS presentations, such as

Chapter 16 / Acute Chest Pain 233

Table 3
Risk Factor Assessment for Women With Potential CAD

Minor risk factors Intermediate risk factors Major risk factors

Sedentary lifestyle Lipid abnormalities* Diabetes
Obesity Hypertension Postmenopausal state without 
Family history Smoking estrogen replacement therapy
Age > 65 years

* Particularly decreased HDL and increased triglycerides. (Adapted from ref. 22.)



abdominal pain, paroxysmal nocturnal dyspnea, or congestive heart failure (CHF;
3,50,51,52). In a small study evaluating the symptoms between genders with MI diag-
nosis Penque et al. demonstrated that women more often reported appetite loss, parox-
ysmal nocturnal dyspnea, and back pain (53). CHF signs and symptoms are more
highly associated with an increased AMI probability in women (23). As is similarly the
case with men, CHF findings should be considered a high-risk marker when evaluating
the female population. The clinical implications in evaluating women with symptoms
suggestive of ACS require the baseline understanding that women with AMI or ACS
may present differently than men (Table 4).

Cardiac Markers
Over the last three decades, several generations of cardiac markers have evolved

for myocardial necrosis identification. Current evaluation protocols most commonly
include myoglobin, creatine kinase (CK/CKMB), and the cardiac troponins I and T
(cTnI and cTnT). MI was previously defined by the World Health Organization as the
combination of two of three characteristics: typical symptoms (i.e., chest discomfort),
enzyme rise, and a typical ECG pattern that involves Q-wave development . More
recently, a consensus document of The Joint European Society of Cardiology and
American College of Cardiology (ACC) has proposed AMI redefinition using mark-
ers as the following: typical rise and fall of biochemical markers (troponin or CK-
MB) in the presence of ischemic symptoms, development of pathological Q-waves on
ECG, ECG evidence of acute ischemia (ST-segment elevation or depression), or coro-
nary artery intervention (54). In situations where laboratory turn-around time is slow
(>60 minutes), point-of-care testing (POCT) may be necessary to maximize the util-
ity of these tests. Currently, these markers can aid in real-time AMI diagnosis and
also in risk stratification of patients being evaluated for possible ACS (55–57).

Myoglobin is a heme protein present in both skeletal and cardiac muscle, making it
less specific in potential cardiac injury evaluation. Myoglobin’s advantage lies in its
early release kinetics with elevations as early as 1 hour after symptom onset, which
makes it useful within the first 3–4 hours following onset (58). Less of an advantage is
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Table 4
Atypical Presenting Signs and Symptoms of ACS in Women

Neck or jaw pain
Pain in teeth
Back pain
Shoulder pain
Nausea
Epigastric discomfort or abdominal pain
Palpitations
Dyspnea
Presyncope
Pain in both arms
Loss of appetite
Orthopnea, paroxysmal nocturnal

Source: refs. 3,47–53.



its rapid kidney clearance and return to baseline levels within 6–12 hours (59,60).
Thus, it may be false-negative in patients who present later in the course of their acute
episode. Generally, myoglobin use should be combined with a more specific later
marker, such as CKMB or a troponin (61).

Creatine kinase and its MB fraction have been the gold standards for the AMI diag-
nosis. CK plasma levels rise approx 6 hours after symptom onset and persist over a
24–36-hour period. Serial determinations result in a sensitivity and specificity for AMI
of 92% and 98%, respectively (62). Rapid and frequent serial determinations have been
used to aid in patient diagnosis in the emergency department. Gibler et al. showed that
serial CKMB measurements over 3 hours in patients with nondiagnostic ECGs present-
ing to the emergency department had an approx 80% sensitivity (63). Early CKMB
determinations have also been shown to have prognostic value in admitted patients
with symptoms for AMI, but nondiagnostic ECGs (64).

Troponins are structural proteins of troponin–tropomyosin complex of cardiac
myocytes and are virtually undetectable in the serum under normal circumstances.
They have been shown to be both sensitive and specific for evaluation of myocardial
cell necrosis (55,65). Cardiac TnT and TnI have variable expressions in different cir-
cumstances, but largely manifest similar release kinetics and diagnostic information.
These proteins are released after cardiac muscle injury in a similar pattern to CKMB,
persisting in the serum for up to 10 days. In a study of 338 patients by Katus et al.,
cTnT diagnostic sensitivity and specificity was 100% and 78%, respectively (62). In a
study of 383 CPU patients, Newby et al. determined that cTnT identified more patients
with myocardial necrosis and multivessel CAD than CKMB. Additionally, cTnT posi-
tivity identified a population with high long-term mortality risk (66). Several other
studies have suggested that the troponins may not only be more sensitive markers for
myocardial damage, but also useful in risk stratification in patients with potential ACS
(56,57,67–69).

As a general rule, a single-marker level determination is insufficient to effectively
evaluate and risk stratify patients presenting with acute symptoms. Serial determina-
tions, usually over 6–12 hours, are typically required. There is no current data to sug-
gest that cardiac marker release, kinetics, and clinical utility are different between men
and women. Consideration of marker attributes and kinetics should help guide appro-
priate choices in individual patients.

Diagnostic and Prognostic Testing
Diagnostic testing is helpful in risk stratification, prognosis, and to determine appro-

priate treatment for patients with potential ACS. Most of the current knowledge avail-
able in this area comes from male studies. Noninvasive tests are sometimes known to
be less sensitive and specific in women, perhaps leading to misdiagnosis and incorrect
treatment (5,70).

Electrocardiographic stress testing or ETT, although frequently used in evaluation
protocols, is believed to be less sensitive and specific in women than in men. According
to some authors, this may be the result of lower exercise tolerance and inability to
achieve target heart rates (71). More prevalent baseline ECG changes, such as repolar-
ization abnormalities, mitral valve prolapse, and estrogen-mediated digoxin-like effect,
may also contribute to a decrease in specificity (72). Conversely, other authors believe
that exercise-based tests do indeed have comparable diagnostic accuracy for women
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and men when corrected for variables that contribute to false-positive testing (73,74).
For women with typical angina symptoms and a normal ECG, exercise electrocardio-
graphic testing is still recommended (73,75). The reasons for the relative inaccuracy
and conflicting ETT data in diagnosing women with potential CAD presently remains
unclear. However, a major attributing factor may simply be the lower pretest CAD like-
lihood in women (Table 5).

Despite these conflicting views regarding ETT in women, its use as a prognostic
indicator has been well-studied, and the results are more reassuring. Mark et al. devel-
oped a treadmill exercise index that predicted outcomes equally well in both genders
(76). When combined with serial marker determination and serial ECGs, exercise ECG
testing has proven clinical value in diagnostic algorithms as evident in two large stud-
ies (17,77). Negative exercise testing has also accurately identified patients at low
prognostic risk in the CPU setting after a negative accelerated protocol (78). A recent
report from the American Heart Association (AHA) Science Advisory concluded that
exercise ECG is safe and cost-effective in diagnostic risk stratification of selected low-
risk patients with chest pain (79).

Radionuclide imaging is an indirect visualization technique that has improved sensi-
tivity and specificity over ETT. Previously, this modality’s diagnostic accuracy was
limited in women partially because of the presence of breast attenuation artifacts
(80,81). Limitations of emergency department radionuclide imaging include time, cost,
and availability. Despite these initial obstacles, more chest pain evaluation protocols
include radionuclide imaging as part of their testing regime.

Newer higher energy radionuclides, such as technetium-99m sestamibi and tech-
netium-99m tetrofosmin, are replacing thallium, which results in less tissue attenua-
tion. Other advantages of these newer agents include the better ability to assess
ECG-gated wall motion to more accurately identify areas of decreased perfusion. Ses-
tamibi imaging has been shown to have a significantly higher CAD specificity in
women when compared with thallium studies (82).

Rest single photon emission computed tomography (SPECT) has been used with great
success in a variety of clinical arenas. Tatum and colleagues reported 93% sensitivity for
diagnosing AMI when evaluating patients with early SPECT and serial cardiac marker
analysis (83). SPECT has also been shown to be an effective and safe risk stratification
tool in patients who present to the emergency department with chest discomfort. A normal
study indicates low risk for subsequent adverse cardiac events (84–87).
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Table 5
Pretest and Posttest Probability of Significant CAD: History and Exercise Resting Results

Pretest CAD CAD 
Age History of Risk CAD probability: probability:
(years) angina factors Sex probability ETT+ ETT–

45 Atypical None Male 30% 65% 13%
45 Atypical None Female 5% 20% 2%
55 Typical Smoker Male 85% 96% 33%
55 Typical Smoker Female 55% 84% 30%

Source: ref. 5.



Radionuclide imaging can be combined with exercise and pharmacological stressors to
improve the diagnostic accuracy. Amanullah et al. concluded that adenosine Tc-99m ses-
tamibi SPECT had a high sensitivity and specificity for CAD detection in women, regard-
less of presenting symptoms (93% and 83%, respectively; 88). However, data
extrapolation from women in the acute setting to those with low-to-moderate risk is diffi-
cult and should be done with caution. Geleijnse et al. demonstrated that normal dobuta-
mine-atropine stress sestamibi scintigraphy was associated with excellent prognosis in
women with stable chest pain syndromes. No major cardiac events were observed among
the study subjects, even those with a high-pretest CAD likelihood (89).

Transthoracic echocardiography has been used with success in the evaluation of
acute chest pain patients (90,91). Overall, the sensitivity and specificity of echocardio-
graphy is most reliable when performed during the chest pain episode. One of the
major limitations of this modality is the necessity of immediate trained personnel to
obtain and interpret the study.

Pharmacological or exercise stress echocardiography has also been shown to be an
effective tool in the noninvasive evaluation among women with chest pain and
unknown CAD. This modality improves the sensitivity and specificity over exercise
ECG testing that approaches the diagnostic accuracy of radionulcide imaging (92).
Stress echocardiography has important prognostic implications as well. In one study,
the 3-year survival rate for patients with positive and negative evaluations was 99.5%
and 69.5%, respectively, considering hard cardiac events of death or infarction (93).
Likely the most pronounced modality weaknesses are operator dependence in obtain-
ing quality images and the need for having operator availability 24 hours per day.

Cardiac catheterization is reserved for those patients in which other diagnostic
modalities are inconclusive or for higher risk patients. As previously noted, women
tend to be referred less often for angiography and generally tend to have a worse early
prognosis following surgical or interventional therapies (13–15). However, long-term
outcomes are similar (16). Because overall diagnostic testing appears to be less accu-
rate in women, the angiography threshold may need to be lower (94).

The ultimate choice of diagnostic and prognostic testing largely depends on institu-
tional resources and expertise. Figure 1 provides a flow diagram for suggested evalua-
tion of women who present with acute chest pain. Evaluation should be based on an
overall risk assessment, with diagnostic testing being reserved for those in the interme-
diate categories.

TREATMENT AND DISPOSITION

Although few studies address gender-specific ACS treatment, current evidence sug-
gests that men and women should be treated similarly (5,95). Every patient with a sus-
pected ACS should receive an aspirin. Nitroglycerin is indicated in the absence of
severe bradycardia or hypotension. Oxygen use is most valuable for patients with overt
pulmonary congestion or oxygen saturations less than 90%. Heparin, beta-blockers,
and glycoprotein IIb/IIIa antagonists should also be given when indicated. Thromboly-
sis is indicated in the AMI setting when immediate percutaneous transluminal coronary
angioplasty (PTCA) is unavailable or delayed. Rescue catheterization might then be
reserved for patients with persistent pain or lack of postthrombolytic reperfusion (96).
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The ideal evaluation protocol for chest discomfort evaluation in women is both theo-
retical and controversial. In summary, symptoms consistent with angina (whether typi-
cal or atypical) in a patient with known or unknown CAD warrants further evaluation.
It may be helpful to divide patients into the risk categories described in Fig. 1. Very
high-risk (E) patients for ACS should be admitted for further urgent evaluation and
treatment. Very low-risk patients (A) can be safely discharged with appropriate out-
patient follow-up. Intermediate-risk patients (B–D) need further acute evaluation for
appropriate disposition, ideally in a CPU environment, or if not available, as an in-
patient.

CONCLUSION

The evaluation of acute chest pain in women has certain gender-specific differences.
The clinician should recognize that women have different symptom presentations, risk
factor profiles, and different needs in terms of diagnostic, prognostic, and provocative
testing. An understanding of these differences is necessary to further reduce the mor-
bidity and mortality associated with this increasingly prevalent disease in the female
population.
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INTRODUCTION

Cardiovascular disease (CVD) remains the leading cause of mortality for women in
the United States. Although the incidence of coronary heart disease (CHD) increases
with age in women, the clinical presentation of the disease lags 10 years behind that in
men. In fact, one out of five women have some form of CVD and since 1984, the num-
ber of CVD deaths for females has exceeded those for males (1). Additionally, recent
studies have suggested a difference between women and men regarding the natural his-
tory of coronary artery disease (CAD) and acute coronary syndromes (ACS) that can-
not be attributed to age alone (2–4). Based on these observations and an increased
focus on the management of women with heart disease, gender-based differences in
patients who present with ACS are under active investigation. Therefore, the goal of
this chapter is to briefly review the clinical presentation, evaluation, and medical and
revascularization therapy of women with ACS.
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Cardiovascular mortality in women has declined over time as evidenced by the
Nurses’ Health Study, which demonstrated a 31% decrease in the incidence of CHD in
women from the period of 1980–1982 to 1992–1994 (Table 1); however, this decline
rate was less than that observed for men and the risk of death, reinfarction, and conges-
tive heart failure (CHF) following a nonfatal myocardial infarction (MI) remained sig-
nificantly higher in women (5). In addition, gender-based differences in cardiovascular
mortality vary according to age. Among patients less than 50 years of age, the mortality
rate for women is twice that for men, whereas after age 74, there is no significant differ-
ence in cardiovascular mortality rates between men and women (3).

Although the lifetime risk of developing ACS after age 40 is 49% for men and only
32% for women; women are more likely to experience significant morbidity and mor-
tality associated with an ACS (Fig. 1). In part, this is due to the observation that women
have MIs at older ages than men and are more likely to die or have a second presenta-
tion with an ACS within 1 year of the index event. African-American women are at a
particularly high risk for adverse events associated with an ACS; mortality data from
1998 revealed that cardiovascular deaths for African-American females were 400.7 per
1000 compared to 294.9 per 1000 for white females (1).

CLINICAL PRESENTATION

Whereas almost two-thirds of men present with an acute ST-segment elevation, MI,
or sudden cardiac death as the first manifestation of atherosclerotic CHD, more than
50% of women have a chest pain syndrome as their initial symptom (6); however,
establishing the diagnosis of ischemic heart disease in women remains problematic
owing to a high prevalence of chest pain in women in the absence of a significant epi-
cardial coronary artery stenosis.

Historically, the Coronary Artery Surgery Study (CASS) revealed that chest pain is
neither sensitive nor specific in predicting CAD presence in women. The presence of a
significant epicardial coronary stenosis, defined as more than 70% stenosis, was found
in 70% of women classified as having definite angina when compared to only 36% of
women with probable angina. Only 6% of women who were believed to have noncar-
diac chest pain had significant CAD. In contrast, men in these categories had docu-
mented CAD rates of 93%, 66%, and 14%, respectively (7).

244 Coronary Disease in Women

Table 1
The Age-Specific Incidence Rates of Coronary Disease in Womena

Age (years)

1980–1982 1992–1994
< 49 25 13
50–54 103 53
55–59 177 149

1982–1984 1992–1994
60–64 242 212

1986–1988 1992–1994
≥ 65 422 244

a All rates are expressed as cases per 100,000 people-years.
Source: ref. 5.



Women with ACSs often present for evaluation with symptom patterns that differ
from their male counterparts and are more likely than men to report differences in chest
pain quality and frequency. Review of initial symptoms in a series of patients diag-
nosed with ACSs during hospitalization revealed that chest pain was the most common
symptom reported by both men and women; however, women were more likely than
men to present with mid-back pain, nausea and/or vomiting, dyspnea, palpitations, and
indigestion (8,9). Similarly, among patients presenting with an acute ST-segment ele-
vation MI, men were significantly less likely to complain of neck, back, or jaw pain,
and nausea than women (10). Additionally, women were more likely than men to report
chest pain during daily activities, but not during physical activity, and when challenged
with mental stressors (11).

CLINICAL CHARACTERISTICS AT PRESENTATION

Women who present with ACSs, including unstable angina, non-ST-segment eleva-
tion MI and ST-segment elevation MI, are often older than their male counterparts with
a higher rate of hypertension, diabetes mellitus, hypercholesterolemia, tobacco use,
obesity, and a prior CHF history (2–4,12). These observations were confirmed in the
Global Use of Strategies to Open Occluded Arteries in Acute Coronary Syndromes II
(GUSTO-II ACS) Study. This trial enrolled 3662 women and 8480 men who presented
with ACS. Women who presented with unstable angina were found to be older than
men (median age 68 vs 64 years, p < 0.001) and had a higher incidence of CHD risk
factors including hypertension (57 vs 45%, p < 0.001), diabetes mellitus (23 vs 17%, p
< 0.001), hypercholesterolemia (47 vs 39%, p < 0.001), and a history of CHF (10.2 vs
6.1%, p < 0.001). Interestingly, in this trial, women were less likely to be current or for-
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Fig. 1. Trends in the CHD incidence in women. The Nurses’ Health Study followed 85,941 women
age 34–59 years old without any prior cardiac disease and documented newly diagnosed CHD
between the years 1980 and 1994. CAD, coronary artery disease; MI, myocardial infarction (5).



mer smokers when compared to men (38 vs 74%, p < 0.001), and were less likely to
have had a prior MI (27 vs 38%, p < 0.001), prior angioplasty (11.8 vs 14.4%, p <
0.01), or prior coronary artery bypass surgery (CABG; 9.2 vs 16.6%, p < 0.001). Simi-
lar results were seen in women who presented with a non-ST-segment or ST-segment
MI (4).

The clinical characteristics at presentation in women who present with an ST seg-
ment elevation MI were examined further in the National Registry of Myocardial
Infarction-2 (NRMI-2) database. A total of 155,565 women and 229,313 men, age
30–89 years, were enrolled in the NRMI-2 database between 1994 and 1998. Women
who presented with an ST segment MI were older (72 vs 66 years, p < 0.001) and had a
higher mortality rate during hospitalization (16.7 vs 11.5%, odds ratio [OR] 1.54, 95%
CI, 1.51,1.57). When evaluated by age groups, women age 30–59 years were more
likely to have diabetes (OR 2.14), hypertension (OR 1.45), history of CHF (OR 1.95),
and history of previous stroke (OR 1.73) than their male counterparts, but no signifi-
cant differences were apparent in the older age groups. At all ages, women were less
likely than men to have had a prior MI and percutaneous or surgical revascularization
procedure (3).

GENDER AND TYPE OF ACS AT PRESENTATION

The GUSTO-II ACS Study additionally classified patients according to clinical syn-
drome at presentation and enrolled 4131 patients with ST-segment elevation MI and
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Fig. 2. Sex differences in presentation with ACS. Among ACS patients, men are more likely to pre-
sent with an ST- segment elevation MI and Non ST-segment elevation MI than women. By contrast,
women are more likely to present with unstable angina. STEMI, ST-segment elevation MI; NSTEMI,
Non-ST-segment elevation myocardial infarction; USAP, unstable angina. *p < 0.001 vs men (4).



8011 patients with non-ST-segment elevation MI or unstable angina (Fig. 2). Interest-
ingly, fewer women than men presented with ST-segment MI (27 vs 37%, p < 0.001),
and for the remainder of the patients with non-ST-segment MI unstable angina, approx
37% of women had an infarction when compared to 48% of men. Furthermore, exami-
nation of the baseline clinical characteristics of patients who presented with an acute
ST-segment elevation MI revealed that female gender was an independent predictor of
the absence of ST-segment elevation at presentation. Conversely, among patients that
presented with non-ST-segment MI, women were more likely than men to present with
unstable angina (4).

PREHOSPITAL EVALUATION OF CHEST PAIN

It has been suggested that there is a gender-based bias in the prehospital evaluation
of ACS patients. In a series of 1306 men and 965 women who presented to the Emer-
gency Department with an ACS between 1985 and 1992 in Olmsted County, MN,
women were older and less likely to have typical chest pain symptoms. They were also
less likely to undergo both noninvasive and invasive diagnostic cardiac procedures. In
contrast, male sex was associated with a 24% increase in the use of cardiac procedures,
yet, despite this utilization of resources, men had an increased risk of major adverse
cardiac events in comparison to women (13). In a similar study, women were less likely
to receive a 12-lead EKG and be treated with aspirin than men with analogous symp-
toms (14). Interestingly, in a survey of 10,689 patients seeking medical attention at an
Emergency Department for chest pain evaluation, ACS patients were more likely not to
be hospitalized if they were women less than 55 years of age (OR for discharge 6.7;
95% CI, 1.4–32.5), nonwhite (OR 2.2; 1.1–4.3), reported shortness of breath as their
chief symptom (OR 2.7; 1.1–6.5), or had a normal or nondiagnostic electrocardiogram
(ECG; OR 3.3; 1.7–6.3; 15).

NONINVASIVE EVALUATION

The most widely employed and studied diagnostic modality for CHD diagnosis in
patients that present with ACSs is the exercise treadmill test. Generally, the exercise
treadmill test has been reported to have a lower diagnostic accuracy in women than
men. In fact, meta-analysis has demonstrated a significantly lower specificity of ST-
segment depression on treadmill tests in women when compared to men (16), and, con-
trary to what is observed in men, resting ST-segment abnormalities in women do not
predict exercise stress test outcome independent of other clinical risk factors for CHD
(17). The addition of the Duke Treadmill Score, a weighted index that combines tread-
mill time, exercise-induced anginal symptoms, and ST-segment deviation, to interpre-
tation of exercise treadmill tests has been shown to improve diagnostic accuracy and is
performed better in women than men for excluding CHD (16). In fact, a low exercise
capacity, one component of the Duke Treadmill Score, has been shown to predict
angiographically significant epicardial coronary disease in women (18). For women, a
low-risk Duke Treadmill Score is associated with a 97% 5-year survival, with approx
80% of these patients having no evidence of angiographically detectable epicardial
coronary artery disease (CAD). Women with high-risk Duke Treadmill Scores have
multivessel disease confirmed in 70% of patients at angiography; however, because of
early intervention, the 5-year survival rate is 90% (19).
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Myocardial perfusion imaging has improved the diagnostic accuracy of noninvasive
stress testing in ACS patients and increased sensitivity to 84–90% and 75–87% speci-
ficity in women, yet may still be limited in patients that are obese or have large breasts
(20). A recent study of 3213 women and 5458 men who underwent exercise treadmill
stress testing with myocardial perfusion imaging demonstrated that more women than
men had a false-positive test, whereas the false-negative rate was significantly lower in
women than men. In fact, women who underwent stress testing with imaging had a
lower test sensitivity and positive predictive value, but higher test specificity, negative
predictive value, and accuracy in comparison to men (21).

Exercise and pharmacological stress echocardiography have been increasingly uti-
lized as diagnostic and prognostic modalities in women with ACS. In one study of 92
women with chest pain or symptoms suggestive of myocardial ischemia, 78 women
had normal left ventricular (LV) wall motion at baseline and during peak dobutamine
infusion while the remaining 14 women had wall-motion abnormalities during dobuta-
mine infusion (Fig. 3). Coronary angiography revealed that 25 women had greater than
or equal to 50% stenosis, 10 of whom had abnormal dobutamine studies, yielding a
40% and 60% sensitivity for multivessel disease, whereas specificity was determined to
be 81% (22).

To examine the prognostic significance of pharmacological stress echocardiogra-
phy, 456 women who underwent stress testing with dipyridamole or dobutamine were
followed for a mean of 32 months. In this study, 51 patients had a positive stress test
and, over the study period, 23 cardiac events occurred. Echocardiographical evidence
of ischemia was found to be the only death and MI predictor (OR 27.5; 95% confi-
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Fig. 3. Dobutamine stress echocardiography and CAD in women. A dobutamine stress echocardiog-
raphy protocol reliably determines significant CAD in women who present with chest pain and have
suspected epicardial coronary stenoses. In fact, although number of risk factors does not correlate
with study outcome, women with abnormal studies are more likely to have a higher (more disease)
angiography score. CAD, coronary artery disease. *p < 0.009, **p < 0.0001 (22).



dence interval [CI], 6.5–111.5). Three-year survival for women with a negative stress
test was 99.5% when compared to 69.5% for women with a positive stress test (23).

CORONARY ANGIOGRAPHY

Among women referred for coronary angiography, the magnitude and frequency of
anginal-type chest pain classified as an ACS, yet occurs in the absence of a significant
coronary artery stenosis, is of practical importance but remains largely unexplained.
It has been shown that women are five times as likely as men to have normal coronary
angiograms at catheterization (24,25). Although this suggests that women are being
referred inappropriately for catheterization, it may be that chest pain in women
results from nonobstructive or nonepicardial CAD. In fact, women with unstable
angina that had cardiac catheterization as part of the GUSTO-II ACS trial were more
likely to have no significant CAD than their male counterparts (30.5 vs 13.9%, p <
0.001), as were women who presented with a non-ST-segment elevation MI (Table 2).
Numerous clinical syndromes have been implicated in this phenomenon, including
mitral valve prolapse, vasospastic angina, microvascular endothelial dysfunction (26)
as well as hypothyroidism, neuromuscular disorders, hemachromatosis, and tacch-
yarrhythmias are associated with cardiomyopathy (27). In one study of 48 women
with chest pain and angiographically normal coronary arteries, approx 60% had
abnormal flow velocity response to intracoronary adenosine, which indicates an
abnormal coronary microcirculation (28). This was confirmed in a larger study that
further demonstrated that neither CAD risk factors nor hormone levels predicted
coronary microvascular dysfunction (Table 3; 29). Intravascular evaluation to exam-
ine subangiographic atheroma has provided some additional insight. In a small trial,
subangiographic disease (intimal thickness > 0.3 mm) was detected in patients by
intravascular ultrasound. However, the presence of these luminal irregularities did not
correlate with endothelial dysfunction (30).

Women who are found to have significant or multivessel epicardial CAD by angiog-
raphy present with the same degree of disease as men pertaining to lesion severity and
distribution (24,25), including the prevalence of left-main and three-vessel disease
(31). In fact, over a 16-year period, there was no significant gender related difference
observed with respect to the degree and localization of coronary lesions in patients
with angiographically documented CAD. Notably, there was a significant shift from
the diagnosis of multivessel disease toward the diagnosis of single-vessel disease in
both men and women, indicating that over time, cardiac catheterization had become
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Table 2
Gender Differences in Number of Vessels Diseased in Patients Who Present With ACS

Number of Men (n = 2,879) Women (n = 1,276) 
vessels diseased (#, %) (#, %)

0 275 (10) 293 (23)
1 873 (30) 364 (29)
2 836 (29) 299 (23)
3 895 (31) 320 (25)

Source: ref 4.



increasingly utilized in a wider patient subset earlier in the course of their disease. As
to subsequent management, there was no difference following angiography regarding
referral for percutaneous or surgical revascularization procedures (32).

CORONARY ANGIOPLASTY

Clinical, Angiographic, and Procedural Characteristics
Women who are offered percutaneous coronary revascularization procedures as a

therapeutic modality often have clinical characteristics that are associated with an
increased risk of major adverse events. For example, women tend to be older and have a
higher prevalence of diabetes mellitus, hypertension, and hypercholesterolemia in com-
parison to men. Fewer women have had a prior MI or have evidence of LV dysfunction
when compared to men, yet women tend to have more CHF episodes (33–36), which
has been attributed to an increased prevalence of diastolic dysfunction (37,38). Addi-
tionally, women are more likely to be considered suboptimal candidates for surgical
revascularization owing to more significant comorbid disease than men.

At catheterization, women have smaller diameter coronary arteries, yet coronary
lesion morphology and distribution is similar to that in men, and women tend to have
more ostial lesions and calcified lesions (33). The implications of small-vessel size
were evaluated in a large contemporary series. In 2306 patients undergoing percuta-
neous revascularization, patients were divided into groups with reference vessel diame-
ters less than or equal to 2.5 mm or more than 2.5 mm. Patients with smaller vessels
were more often female, older, and more likely to have multivessel disease or a type C
lesion at angiography. Smaller vessel size and lesion morphology significantly influ-
enced device utilization. In contrast to stents (18.5% vs 41.9%) and directional atherec-
tomy (3.7% vs 13.5%), balloon angioplasty (73% vs 50%) and rotational atherectomy
(16.1% vs 8.3%) were used more frequently in smaller vessels. This was associated
with an increase in major adverse cardiac events, occurring more often in patients with
small, as opposed to large, vessels (39).

It has been suggested in some series that women who undergo contemporary revas-
cularization procedures are at higher risk for procedural complications. This poor out-
come has been partly attributed to an increased susceptibility to plaque disruption
during the procedure. In fact, women who underwent angioplasty had similar proce-
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Table 3
Risk Factors for Impaired Coronary Flow Reserve for Women With Chest Pain 

and Normal Coronary Angiograms

Risk Factor Odds ratio 95% Confidence interval P

Current tobacco use 0.78 (0.35–1.73) NS
Hypertension 1.39 (0.74–2.6) NS
Diabetes mellitus 1.27 (0.56–2.92) NS
Hyperlipidemia 1.27 (0.66–2.45) NS
Current hormone 

replacement therapy 0.44 (0.22–0.91) 0.026

Source: ref. 29.



dural success rates as men; however, there was a significant increase in plaque dissec-
tion incidence during intervention, with a consequent increased need for unplanned
coronary stent placement (70.4 vs 52.2%, p < 0.05) to achieve an adequate final result.
Despite stent placement, coronary artery dissection was associated with an increased
risk of complications during the procedure (40).

Acute and Long-Term Outcome
Historically, women undergoing coronary angioplasty were reported to have a lower

procedural success rate than men (41). However, recent studies have demonstrated a
similar angiographic outcome, incidence of periprocedural MI, and need for emergent
CABG in women compared to men (33,42). Despite improvements in the procedural
success rate for women, in-hospital mortality remains significantly higher, and in some
studies, an independent gender effect on acute mortality following coronary angioplasty
persists after adjustment for baseline differences in clinical and angiographic character-
istics (33,35). Although there is no clear etiology for this mortality increase, both small-
vessel caliber and hypertensive heart disease have been implicated. It has also been
suggested that women poorly tolerate periods of transient ischemia during angioplasty,
which results in a higher incidence of periprocedural CHF and pulmonary edema
(42,43). In fact, CHF has been shown to be a gender-independent predictor of mortality
in patients undergoing coronary angioplasty (33,35).

Interestingly, it has been shown that women manifest different autonomic and hemo-
dynamic responses to abrupt coronary occlusion than men. In a series of 140 men and 65
women undergoing single-vessel percutaneous coronary intervention (PCI), total occlu-
sion of a coronary vessel was associated with more pronounced ST-segment changes and
chest pain in women than men. There was also a higher incidence of significant brady-
cardia (31% vs 13%) or a heart rate increase variability (25% vs 11%), accompanied by
a decrease in blood pressure observed in women when compared to men (44).

In the New Approaches to Coronary Intervention (NACI) Registry, women undergo-
ing percutaneous revascularization with new devices had a higher risk clinical profile,
yet, when compared to men, a similar procedural success rate with final percent diameter
stenosis and Thrombolysis in Myocardial Infarction (TIMI) flow grade (Fig. 4). How-
ever, women did experience a higher percentage of periprocedural complications,
including coronary artery dissection, need for vascular access repair, hypotension, and
transfusion. There was no significant gender-based difference in the rate of in-hospital
death, ST-elevation MI and emergent CABG, and gender was not found to be an inde-
pendent predictor of major adverse cardiac events. At 1-year follow-up, more women
than men reported an improvement in their anginal symptoms (70% vs 62%), and fewer
women than men required repeat revascularization (32% vs 36%) (45). Furthermore, the
outcome of coronary angioplasty in women has improved (46), and these benefits may
be realized as much as 5 years after percutaneous revascularization, as demonstrated in
the Bypass Angioplasty Revascularization (BARI) trial. At an average of 5.4 year follow-
up, mortality rates were similar between gender (12.8% vs 12.0%, respectively) and after
adjustment for baseline differences, women had a significantly lower risk of death (42).

Unstable Angina/Non-ST-Segment MI
Women who present with unstable angina/non-ST-segment MI that are managed by

percutaneous revascularization procedures are consistently older and have an increased
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hypertension incidence with a preserved LV ejection fraction (EF) when compared
with their male counterparts. Interestingly, as demonstrated in the TIMI-IIIB trial,
women who presented with unstable angina were less likely to have significant
obstructive epicardial CAD than men at angiography, yet the 42-day rate of death and
MI remained similar (12). Similarly, in the Global Unstable Angina Registry and Treat-
ment Evaluation (GUARANTEE) Registry, coronary angiography revealed less severe
CAD in women, and, in fact, women were more likely than men to have insignificant
CAD at angiography (25% vs 14%, p = 0.0001; 47).

In women with significant CAD who undergo percutaneous revascularization proce-
dures prior to hospital discharge, there are conflicting data regarding outcome and sur-
vival. In one report, 941 women who required percutaneous coronary revascularization
procedures for management of an ACS had similar success, in-hospital mortality, and
emergency CABG rates as men. During a mean 4-year follow-up, overall survival was
comparable between women and men. Although the occurrence of severe angina was
higher in women than in men during this time, women were less likely to undergo
CABG revascularization procedures (48).

Conversely, several studies have demonstrated a significant increase in mortality for
women who presented with unstable angina when compared to men. In one study of
101 women who presented with a non-ST-segment elevation MI (Table 4) that had a
percutaneous revascularization procedure predischarge, angioplasty was equally suc-
cessful in women and men with fewer lesions dilated per patient in women (1.38 vs
1.51, p < 0.04). In-hospital major adverse cardiac events were similar between men and
women, although there was a trend toward a higher in-hospital death rate in women
(4% vs 1%, p = 0.058), and at 1-year follow-up, women had a significantly worse sur-
vival rate than men (89% vs 95%, p < 0.04). CABG was performed less commonly in
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Fig. 4. Influence of gender on in-hospital and procedural outcomes in patients treated in the new
device era. In the New Approaches to Coronary Intervention (NACI) Registry, women had a higher
rate of procedural complications and were more likely to require CABG surgery than men. MI,
myocardial infarction; CABG, coronary artery bypass grafting. *p < 0.05, # p < 0.01 (45).



women by the end of 1 year than in men, whereas the rate of repeat percutaneous revas-
cularization procedures was similar (49). Other investigators have reported in-hospital
mortality rates up to three times higher for women than men (9.3 vs 3.0%), and, when
assessed using a logistic regression model, the association between gender and mortal-
ity was not significantly altered when corrected for age, ST-segment EKG changes, and
CAD risk factors (50).

MI
Historically, several studies have documented a worse prognosis for women post-MI

than men in both the pre- and pharmacological reperfusion era (51). In-hospital mortal-
ity in the Multicenter Investigation of the Limitation of Infarct Size (MILIS) trial was
13% in women in comparison to 7% in men, and cumulative mortality at 4 years was
36% in women and 21% in men. Even after adjustment for advanced age, women con-
tinued to have a worse prognosis following an acute ST-segment elevation MI (51). In
the thrombolytic era, women with AMI treated with these agents were found to have
similar 90-minute patency rates, EF, and regional ventricular function when compared
to men, yet 30-day mortality rates were significantly higher (13.1% vs 4.8%, p <
0.0001), which suggests a gender-based influence on mortality (52).

Some of these early observed differences in outcome may actually reflect differ-
ences in the utilization of percutaneous revascularization procedures in women in com-
parison with men. In the Myocardial Infarction Triage and Intervention (MITI)
Registry, women were half as likely to undergo acute coronary angiography or angio-
plasty as men and had twice the in-hospital mortality (53). Similarly, in the Atheroscle-
rosis Risk in Communities (ARIC) study, women hospitalized for MI were less likely
to undergo percutaneous revascularization, suggesting that the observed gender differ-
ence in mortality may be associated with a decreased likelihood of women being
referred for acute interventions (54). Review of 1737 patients admitted to a cardiac
intensive care unit with AMI diagnosis revealed that women took longer to seek med-
ical attention, and, once evaluated, were less likely to receive immediate aspirin ther-
apy (88 vs 91%, p < 0.03) and had longer door-to-needle times for thrombolytic
therapy administration (90 vs 78 minutes, p < 0.004) in comparison to men. This was
associated with a decreased 30-day survival for women when compared to men (78 vs
88%), which persisted following adjustment for age, racial group, and diabetes (55).
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Table 4
Influence of Gender on Outcome in Patients With Non-ST-Segment Elevation MI Undergoing

Percutaneous Revascularization Prior to Discharge

Women (n = 101) Men (n = 275) P

Age (years) 68 ± 10 61 ± 11 < 0.001
Hypertension (%) 67 51 < 0.01
LVEF (%) 50 ± 10 47 ± 11 < 0.001
Procedural success (%) 96 97 NS
No. lesions dilated 1.38 1.51 < 0.04
In-hospital mortality (%) 4 1 0.058
1-year survival (%) 89 95 < 0.04

Source: ref. 49.



Interestingly, the Cooperative Cardiovascular Project, which reviewed records
from 138,956 Medicare beneficiaries (49% of them women) admitted with an acute
MI (AMI) in 1994 or 1995, revealed that women of all age groups were less likely to
be referred for coronary angiography than men (Table 5). This was especially noted
in women age 85 years or older. Therapeutic interventions were less frequently
offered to women. In fact, women were less likely than men to be administered
thrombolytic agents within 60 minutes or receive aspirin within the first 24 hours of
admission. Yet, despite these differences in treatment, 30-day mortality rates between
gender were similar (56).

Compared with men, women are at an increased risk for early and late morbidity and
mortality post-AMI. Aggressive pharmacological reperfusion therapies with thrombolytic
agents have reduced in-hospital mortality by 25–30%; however, women are more likely
than men to have a contraindication to thrombolysis (43 vs 29%, p < 0.02; 57). Therefore,
to overcome the limitations associated with thrombolytic agents, mechanical reperfusion
by primary angioplasty has been advocated as a therapeutic intervention.

Primary Angioplasty
Percutaneous revascularization strategies to restore coronary patency during AMI

without prior or concomitant thrombolytic therapy, or primary angioplasty, has been
shown to result in a higher infarct-related artery patency rate (58), smaller enzymatic
infarct size, preservation of LV function and a better clinical outcome in comparison to
thrombolytic therapy (59,60). Additionally, it has been suggested by pooled analysis of
early clinical trials that primary angioplasty additionally offers a cardiovascular mor-
bidity and mortality benefit to patients. This analysis demonstrated a 44% reduction in
mortality during hospitalization (OR 0.56, CI 0.53–0.94) and a 9% reduction in mortal-
ity at 1-year follow-up (61). Yet, despite the apparent survival benefit, and because
women have been reported to be more likely than men to accept elective catheteriza-
tion (62), women are also more likely to refuse emergent cardiac catheterization during
AMI as a therapeutic modality (63).

Women who present with an acute ST-segment elevation MI comprise a higher risk
patient population when compared to men. For example, in The Primary Angioplasty in
Myocardial Infarction (PAMI) trial, which compared primary angioplasty with tissue-
type plasminogen activator, women were older (65.7 vs 57.7 years, p < 0.0001) and
presented later after symptom onset than their male counterparts (229 vs 174 minutes,
p = 0.0004). The in-hospital mortality for women was 3.3-fold higher than men (9.3%
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Table 5
Influence of Age and Gender on Diagnostic Catheterization

Rates Post-MI

Age (years) Women (%) Men (%)

65–69 56.1 60.4
70–74 50.3 55.4
75–79 40.3 45.0
80–84 24.7 29.8
≥ 85 8.5 11.8



vs 2.8%, p = 0.0005; 64). This gender-specific increase could not be explained by dif-
ferences in infarct location or hemodynamic status at presentation. Women were less
likely than men to have an angioplasty performed because of a greater likelihood of a
noncritical stenosis in the infarct artery, and conversely, a higher surgical disease
prevalence. In women that did undergo percutaneous revascularization, the in-hospital
mortality rate was not significantly different in comparison to men (4.0% vs 2.1%). In
fact, percutaneous revascularization and younger age were independent predictors of
in-hospital survival in women. Importantly, intracranial hemorrhage occurred in 5.3%
of women treated with a thrombolytic agent when compared with 0.7% men (p =
0.037), yet, there was no increase in bleeding events, with primary angioplasty, regard-
less of gender. These observations suggest that primary angioplasty improves women’s
survival, such that it is comparable to men and reduces the risk of cerebrovascular hem-
orrhage associated with thrombolytic therapy (64,65).

One potential reason that women with AMI may have a worse prognosis than men is
that they tend to present for treatment much later after symptom onset. To determine
the influence of late presentation on the efficacy of primary angioplasty, a study of 496
patients who underwent primary angioplasty for AMI specifically evaluated outcome in
patients treated between 6 and 24 hours. Significantly, these patients were more often
female. Primary angioplasty performed that followed late presentation was often less
successful in comparison to patients with early presentation, resulting in a greater
reduction of LV function. Patients treated late following presentation were also more
likely to have reocclusion of the infarct artery, repeat MI and a significantly higher
mortality rate at 6 months (66).

As coronary stents are increasingly used in primary revascularization procedures,
the Stent-PAMI trial compared coronary stent implantation with balloon angioplasty
for AMI treatment. At 6-month follow-up, fewer patients in the stent group than in the
angioplasty group had angina (11.3% vs 16.9%, p = 0.02) or needed target-vessel
revascularization because of ischemia (7.7% vs 17%, p < 0.001). The combined pri-
mary endpoint of death, reinfarction, disabling stroke, or target-vessel revasculariza-
tion from ischemia occurred in fewer patients in the stent group than in the angioplasty
group (12.6% vs 20.1%, p < 0.01; 67). Women enrolled in this trial were older (66 +/–
12 vs 58 +/– 12 yr, p < 0.0001), had a higher incidence of hypertension, hypercholes-
terolemia, diabetes, and a smaller size infarct-related artery when compared to men.
Although core laboratory analysis revealed that TIMI-3 flow tended to be restored in a
greater percentage of women than men (94% vs 90.0%, p = 0.07), women had
increased rates of 6-month mortality (7.9% vs 2.0%, p = 0.0002), reinfarction (6.4% vs
2.7%, p = 0.01), and stroke (2.0% vs 0.3%, p = 0.01), with similar rates of late target-
vessel revascularization. This suggests that women undergoing mechanical reperfusion
in the stent era remain at high risk for adverse events (68). These observations were
confirmed in a study of 230 women and 789 men who underwent primary angioplasty
or stent placement between 1995 and 1999 (Fig. 5). Women in this study had a higher
rate of nonfatal reinfarction (3 vs 1%, p < 0.01) and mortality (12 vs 7%, p < 0.03) at 6-
month follow-up. Despite these findings, multivariate analysis revealed that gender was
not an independent mortality predictor (69).

It has also been suggested that women tend to have a poor outcome even when anti-
coagulant or antiplatelet agents are used in conjunction with primary angioplasty. A
pooled analysis of women enrolled in the GUSTO IIb trial (primary angioplasty vs

Chapter 17 / Acute Ischemic Syndromes 255



accelerated tissue plasminogen activator (t-PA) and heparin vs hirudin in a factorial
design) or the ReoPro and Primary Percutaneous Transluminal Coronary Angioplasty
[PTCA] Organization and Randomized Trial (RAPPORT) (abciximab vs placebo in
primary angioplasty) demonstrated that women treated with anticoagulant or
antiplatelet agents had a significant increase in the risk of death (42% vs 25%, p =
0.02) as well as a trend toward a combined endpoint of death or recurrent MI (34% vs
25%, p = 0.08) compared to women treated with placebo. Moreover, increased age was
found to be associated with a higher mortality rate and independent predictor of mor-
tality and repeat infarction at 30 days (70).

CARDIOGENIC SHOCK

Cardiogenic shock, recognized clinically as systemic hypotension, accompanied by
end-organ hypoperfusion and elevated cardiac filling pressures, complicates AMI in
5–15% of patients (71). Patients who present with or develop cardiogenic shock tend to be
older, have more CHD risk factors, are more likely to have had a prior MI and preexisting
LV dysfunction, CABG surgery, and importantly, are more likely to be women (72).

To determine the role of mechanical reperfusion therapies in the treatment of cardio-
genic shock, the SHOCK (SHould we emergently revascularize Occluded Coronary
arteries for cardiogenic shocK) trial was conducted (73,74). This multicenter trial ran-
domized 302 patients with AMI complicated by shock because of LV dysfunction con-
firmed by both clinical and hemodynamic criteria and assigned approx 37% of women
to revascularization and 27% to medical therapy. There was no significant difference in
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Fig. 5. Influence of gender on outcome following primary angioplasty. In patients with an acute ST-
segment MI treated with primary angioplasty and/or coronary stent placement, women are more
likely to have a major adverse event than men. TVR, target-vessel revascularization. *p < 0.05 (69).



30-day mortality between treatment groups (46.7% vs 56.0%), yet by 6 months, there
was a survival benefit for patients who underwent revascularization procedures. Of
note, age was shown to influence percutaneous revascularization outcome, such that at
both 30 days and 6 months, patients 75 years or age or older had a worse outcome if
they underwent any (percutaneous or surgical) revascularization procedure (73). As
women who present with acute ST-elevation MI and develop cardiogenic shock are
often older, these findings suggest that revascularization procedures may not improve
mortality and, in fact, may predict a worse outcome in this subset of women.

Importantly, a total of 1107 patients were screened for the SHOCK trial and deemed
ineligible and therefore entered into a registry. Women accounted for approx 40% of
SHOCK Registry patients and had similar cardiogenic shock rates owing to LV failure
as men; however, women were more likely to have mechanical complications, includ-
ing acute severe mitral regurgitation (75), ventricular septal rupture (76), or isolated
right ventricular shock (77), than men (Fig. 6; 78). Of these diagnoses, shock owing to
ventricular septal rupture was associated with a significant increase in mortality com-
pared to shock secondary to LV dysfunction (77). Interestingly, among 884 patients
with predominant shock because of LV dysfunction, there was no significant mortality
difference between women and men, albeit the mortality rate for the entire cohort was
high (61%; 78). Noteably, women entered in the Registry had a higher diabetes inci-
dence than women in the trial, and angiographic data revealed that these patients had
significantly more two- and three-vessel disease, yet the revascularization rate (com-
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Fig. 6. Gender differences in the etiology of cardiogenic shock. Among patients who presented with
or developed cardiogenic shock complicating an AMI, women were less likely than men to present
with LV failure yet more likely to have shock owing to a mechanical complication. MR, mitral regur-
gitation; VSD, ventricular septal defect; RV, right ventricle (78).



bined percutaneous and surgical) for these patients was lower than that for nondiabetic
patients with single-vessel disease (79).

GLYCOPROTEIN IIB/IIIA RECEPTOR ANTAGONISTS

Platelet aggregation and thrombus formation have been implicated in ACS patho-
physiology and have been shown to complicate percutaneous revascularization proce-
dures. Although aspirin has been utilized as the primary antiplatelet agent, a
meta-analysis of randomized trials of aspirin therapy revealed that despite a 25%
reduction in cardiac event risk, only one-third of postmenopausal women were taking
aspirin daily, and the majority of these women were doing so for primary prevention
(80,81). Additionally, it has been revealed that women are less likely to receive aspirin
on hospital admission or to be discharged on aspirin than their male counterparts (82).
Based on these observations, inhibitors of the glycoprotein IIb/IIIa receptor, a receptor
on the platelet surface that mediates platelet aggregation, have been developed and
have demonstrated efficacy in clinical trials in the medical stabilization of ACS patients
(83). As it has been suggested that there is a gender-based difference in platelet func-
tion, and women are believed to have hyper-reactive platelets, therefore, it follows that
women may receive greater benefit from glycoprotein IIb/IIIa receptor antagonist
administration (84).

To evaluate the role of glycoprotein IIb/IIIa receptor antagonists in the initial medical
management of ACS patients, the Platelet Receptor Inhibition in Ischemic Syndrome
Management in Patients Limited by Unstable Signs and Symptoms (PRISM-PLUS) trial
randomized 1915 patients with ACS to tirofiban or placebo and, for patients treated with
tirofiban when compared to placebo, demonstrated a 32% reduction in the composite end-
point of death, MI, refractory ischemia or rehospitalization for recurrent ischemia, at 7
days, a 22% reduction at 30 days, and a 19% decrease at 6 months. Tirofiban-treated
women had a 30% reduction in 7-day event that was similar to the 27% reduction
observed in men (85). Interestingly, when the glycoprotein IIb/IIIa antagonist eptifibatide
was utilized in a similar population of women in the Platelet Glycoprotein IIb/IIIa in
Unstable Angina: Receptor Suppression Using Integrilin Therapy (PURSUIT) trial, these
benefits were not as readily recognized. This study randomized 10,948 patients who pre-
sented with an ACS to an eptifibatide or placebo infusion. Eptifibatide treatment was asso-
ciated with a significant reduction in the incidence of MI and treatment effect consistently
favored eptifibatide in all major subgroups except women (OR for women, 1.10; 95% CI,
0.91–1.34); however, trial data review revealed that there was a geographical disparity in
outcomes, and for women in North America, there was a benefit associated with treatment
with eptifibatide (incidence of the composite endpoint: among men, 16.2% in the placebo
group vs 12.4% in the eptifibatide group; p = 0.006; among women, 12.9% vs 10.6%,
respectively; p = 0.19; 86).

Glycoprotein IIb/IIIa antagonists have also demonstrated therapeutic efficacy as
adjunctive agents for percutaneous revascularization procedures. In women with ACS that
underwent PCI and were treated with abciximab in the Evaluation of Platelet IIb/IIIa Inhi-
bition for Prevention of Ischemic Complications (EPIC), Evaluation of PTCA to Improve
Long-term Outcome with Abciximab GP IIb/IIIa Receptor Blockade (EPILOG), and
Evaluation of Platelet IIb/IIIa Inhibition for Stenting (EPISTENT) trials, there was a sig-
nificant reduction in the primary endpoint of death, MI, or urgent revascularization at 30
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days (12.7% to 6.5%, p < 0.001). This decrease persisted at 6 months (16.0% vs 9.9%, p <
0.001) and at 1 year, there was a mortality reduction from 4% to 2.5% for abciximab-
treated women (87). In the EPISTENT trial, women treated with abciximab who under-
went balloon angioplasty fared better than if a stent was placed without abciximab
therapy (5.1% vs 11.7% event rate, p < 0.0021), a finding that contrasted the observation
in men (88). At 1-year follow-up, abciximab and stent placement resulted in a lower mor-
tality rate than either coronary stent placement or abciximab alone (placebo plus stent,
2.4%, abciximab plus PTCA, 2.1%, abciximab plus stent, 1.0%; 89).

Of note, diabetic women, a high-risk subset of women, appeared to benefit signifi-
cantly from abciximab administration during percutaneous revascularization proce-
dures. Although there were no differences in outcome noted at 30 days or 6 months, at
1 year there was a significant reduction in the combined endpoint of death, MI or tar-
get-vessel revascularization in women treated with abciximab who had a stent placed
or underwent balloon angioplasty (13.3% vs 28.9% vs 34.5%, p = 0.02 for stent-stent
comparison and p = 0.09 for stent-abciximab and balloon-abciximab comparison). This
benefit resulted from a significant reduction in 1 year target-vessel revascularization
rates, which were reduced from 21.1% in stent-placebo and 26.7% in balloon-abcix-
imab to 4.5% in stent-abciximab p = 0.02 for stent-stent comparison and p = 0.004 for
stent-abciximab and balloon-abciximab comparison; 90). Consequently, abciximab did
not increase major bleeding events, but there was an increase in minor bleeding events
(4.7% vs 6.7%), and, in fact, female gender, abciximab use, and age above 70 years
were independent predictors of an increased bleeding risk (90).

Women treated with eptifibatide during percutaneous coronary revascularization
procedures had a significant reduction in the rate of death, MI, urgent revasculariza-
tion, or bailout stent placement (11.6% to 9.1% p = 0.04), which was not associated
with a significant increase in bleeding (91). To extend these observations to contempo-
rary percutaneous revascularization procedures, the Enhanced Suppression of the
Platelet IIb/IIIa Receptor with Integrelin Therapy (ESPRIT) trial was conducted to
evaluate the eptifibatide’s efficacy with stent implantation. The ESPRIT trial enrolled
2064 patients and demonstrated a 37% relative reduction in the combined endpoint of
death, MI, and urgent target vessel revascularization at 48 hours, and a 36% relative
reduction at 30 days. Subgroup analysis revealed that women treated with eptifibatide
had a 58% relative reduction in events when compared with women treated with
placebo, thereby demonstrating that women benefited significantly from eptifibatide
administration as an adjunct to coronary stent placement (92–97).

These studies suggest that women with ACS who undergo percutaneous revascular-
ization procedures, particularly diabetic women, will benefit from the administration of
a glycoprotein IIb/IIIa receptor antagonist; however, the risk-benefit profile regarding
bleeding complications may ultimately determine the use of one of these glycoprotein
IIb/IIIa receptor antagonists, as well as the choice of agent.

SURGICAL REVASCULARIZATION

Advances in surgical techniques and myocardial protection have increased the avail-
ability of surgical revascularization procedures for women with ACS found to have
coronary anatomy that warrants surgical intervention. In spite of these advances, surgi-
cal mortality rates have been notably consistent over the past 20 years, and in-hospital
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mortality rates for women are often two to three times higher than for men. This discrep-
ancy in outcomes is only partially explained by older age and higher risk profiles, and,
indeed, has been attributed to greater technical difficulty associated with female opera-
tion as well as the increased frequency of urgent or emergent female procedures (98,99).

These observations have been confirmed in a more recent retrospective study of 4823
patients, including 932 women, undergoing CABG, which revealed significant gender-
related differences in morbidity and mortality (Fig. 7). In this study, women who under-
went CABG surgery were older had a smaller mean body surface area, and a higher
prevalence of diabetes, hypertension, peripheral vascular disease, CHF, history of percu-
taneous revascularization procedures, New York Health Association class III or IV
angina, and preoperative intra-aortic balloon pump usage than men. During surgery,
women had fewer bypass grafts constructed than men and were less likely to have inter-
nal mammary artery grafting, multiple arterial conduits, or coronary endarterectomy per-
formed. The early mortality rate in women in this series was 2.7% vs 1.8% in men (p =
0.09), and women were more likely to have a perioperative MI (4.5% vs 3.1% p < 0.05).
Interestingly, after other risk factor adjustment, female gender was not an independent
predictor of early mortality, but it was a weak independent predictor for the composite
endpoint of death, perioperative MI, intra-aortic balloon pump placement, or cerebrovas-
cular accident (8.55 vs 5.9%; OR, 1.30; 95% CI, 0.99–1.68; p = 0.05). Recurrent anginal
symptoms occurred more frequently in female than male patients (15.2% +/– 4% vs
8.5% +/– 2% at 60 months, p = 0.001), but did not result in an increase in repeat percuta-
neous or surgical revascularization procedures (100).

In women, surgical myocardial revascularization has increasingly been performed
utilizing an off-pump (without cardiopulmonary bypass) technique. In a series of

260 Coronary Disease in Women

Fig. 7. Gender differences in outcome following CABG surgery. Women who undergo contemporary
CABG surgery procedures do so with a similar mortality outcome as men; however, women are more
likely to have a MI than their male counterparts. MI, myocardial infarction; CVA/TIA, cerebrovascu-
lar accident/transient ischemic attack (102).



patients considered appropriate for off-pump revascularization procedures, the mortal-
ity for women was lower in comparison to women who underwent traditional surgical
revascularization procedures, despite an older age and higher incidence of diabetes. In
fact, the mortality rate for operations in women without cardiopulmonary bypass
dropped to the mortality rate typically seen in men. This was associated with a shorter
hospital length of stay and a lower incidence of transient ischemic attacks, cerebrovas-
cular accidents, postoperative bleeding complications, and blood transfusions. How-
ever, these favorable outcomes in women may reflect patient selection and require
further study (101).

CONCLUSION

In patients with symptomatic CHD and acute ischemic syndromes, several gender-
based differences in clinical presentation, evaluation, treatment strategies, and out-
come have been well-documented. Women have consistently been shown to be older,
with more high-risk clinical features and comorbid disease than their male counter-
parts. Additionally, noninvasive and invasive testing often poorly diagnose the etiol-
ogy of chest pain owing to the high chest pain prevalence in the absence of a fixed
epicardial coronary artery stenosis. Women who are found to have obstructive CAD
often have more high-risk angiographic features than men. Based on these observa-
tions, women with ACS undergo coronary revascularization procedures with a higher
risk for adverse outcomes; however, recent advances in device application, adjunctive
therapies, and surgical technique suggest that coronary revascularization strategies
are safe and effective.
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C. Variations in Therapeutic Effectiveness
in Women



INTRODUCTION

This chapter reviews the gender differences in coronary revascularization, including
percutaneous coronary intervention (PCI) and coronary artery bypass surgery (CABG).
Briefly highlighted are racial differences in PCI and CABG, particularly as they inter-
act with gender comparison. This chapter also covers issues regarding access to coro-
nary revascularization, safety procedures (morbidity and mortality), and effectiveness
(influence on survival and functional outcomes). However, it is necessary to point out
some of the major challenges in this field, including an overall underrepresentation of
women and minorities in clinical research, as well as certain factors that confound gen-
der and racial studies.

LIMITATIONS IN STUDY REPRESENTATION

Determining the effectiveness of coronary revascularization by gender and race is a
daunting task for several reasons. Because there are generally fewer data on women
and racial/ethnic minorities, comparisons by race and gender are often hindered by
small samples of these subgroups. A recent review of female enrollment in federally
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funded cardiovascular clinical trials noted that women were still underenrolled when
single-sex studies were excluded. The enrollment rate for women in trials of coronary
artery disease (CAD) had increased over time, being proportional to disease prevalence
among women. However, subgroup analyses with large enough samples of women to
detect sex-related differences were performed infrequently (1).

The underenrollment of minorities in clinical trials is also a significant problem. For
example, the Coronary Artery Surgery Study (CASS) was a large multicenter trial that
enrolled 24,959 patients, but only 2.3% were black (2). Less than 1% of the CASS
sample were black females, and the paucity of data on minority women continues in
current studies (2,3), resulting from the lack of specific data on these subgroups,
knowledge of the effectiveness of CAD treatment has been predicated on what is effec-
tive in primarily white middle-aged and middle-class males. White males had the high-
est rate of mortality decline (2.9%/year) from coronary heart disease from 1990 to
1994, whereas black women had the lowest decline rate (1.6%/year; 4).

Another challenge is that testing treatment effectiveness must take into account
potential physiological and pathophysiological gender differences in the cardiovascular
system. Despite anatomic similarities, evidence exists of significant gender differences
in cardiovascular structure and function, although these changes may only be apparent
in aging or in the adaptation to a stimulus, such as pressure overload (5). Recent studies
in a rat model have demonstrated significant gender differences in cardiac output under
basal conditions and in response to inotropes (6). Women have smaller coronary arter-
ies and more diffuse stenoses than men (on whom most techniques have been devel-
oped), and these characteristics have been cited as reasons for less procedural success,
lower symptom relief, and higher procedural mortality for women undergoing revascu-
larization (7,8). Higher rates of hypertrophic left ventricles (LV) in women have also
possibly contributed to women’s inability to tolerate procedural complications, such as
hypovolemic episodes and abrupt closure (8–10).

CAD also differs by prevalence, manifestation, progression, and associated morbid-
ity, along with other host factors among gender and racial groups that can affect treat-
ment effectiveness. Women are typically a decade older than men when CAD develops
and, at the time of revascularization, have lower cardiovascular disease (CVD) severity,
but similar or greater angina severity, more unstable angina, more heart failure, more
frequent coexisting illnesses, higher emergency surgery rates, greater disability, worse
socioeconomic status, and smaller body size (7,11–15). However, black women have
higher rates of premature CAD than white women (16–18) and have been significantly
younger than white women at the time of revascularization (19,20). Black women also
have higher rates of certain coexisting illnesses than white women (19,20).

Finally, inequities in access and referral to revascularization by gender, race, and
socioeconomic status have been found in studies, which, in turn, affect our ability to
determine treatment effectiveness for these groups (21). Ethnic minorities in the United
States constitute a large majority of the uninsured or underinsured; therefore, lack of
access to cardiac services may greatly contribute to adverse outcomes (22).

The challenge for this chapter is to present evidence for the effectiveness of revascu-
larization by gender and race, considering the multiple issues that are relevant given the
paucity of data in these subgroups. Evidence regarding access and referral to revascu-
larization is briefly reviewed in order to place the evidence for revascularization’s
effectiveness in context.
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ACCESS AND REFERRAL

In 1991, two separate large-scale studies reported significant differences in how
women and men with CAD were treated (23,24). Women were found to have less
aggressive treatment with fewer diagnostic and therapeutic procedures in comparison
to men. Since then, differences in access and referral to cardiovascular procedures have
been found in many studies that compare women to men and minority patients (primar-
ily black and few Hispanic) to white patients. Revascularization referral is dependent
on referral to cardiac catheterization, and evidence shows that undergoing coronary
angiography is affected by race and gender considerations, although financial and orga-
nizational factors may also play a role in racial differences in treatment (25–29).

Multiple studies have evaluated referral and access to angiography and subsequent
revascularization by gender and race, where findings vary given that samples and meth-
ods are heterogeneous and potentially confounding variables may or may not be con-
trolled. Generally, findings related to differences in access and referral by gender are
inconsistent, possibly reflecting changes in practice since 1991, and inclusion of high-
risk samples are already diagnosed with CAD, acute myocardial infarction (AMI), or
other coexisting illnesses. Gender differences in cardiac procedures (higher rates for
men than women) were found to narrow markedly after diagnosis of a chronic illness
(end-stage renal disease [ESRD]), assurance of health insurance, and entry into a com-
prehensive care system for ESRD and dialysis management. Notably, nearly all of the
narrowing of gender disparity occurred in the first year after ESRD development,
potentially reflecting unmet clinical needs in women or the overuse of procedures in
men at baseline (26).

Results for racial differences in procedure use were more likely to reflect a consis-
tent difference by race and ethnicity. Although most studies evaluated black and white
differences, Hispanic patients were also less likely to be referred for angiography or
revascularization (25,27,30). In other studies, race differences lessened or disappeared
when other factors, such as the type of hospital (with or without revascularization capa-
bilities), insurance status, and extent of CAD, were controlled (31,32).

Sheifer et al. (33) critically reviewed the data on differences in invasive cardiac pro-
cedures (angiography, angioplasty, and CABG) by race and gender. Adjusted odds
ratios (ORs) for black patients undergoing cardiac procedures when compared to white
patients ranged from 0.43 to 0.94, and for women vs men, odds ratios ranged from 0.16
to 0.98. They concluded that CAD management varied significantly across race and
sex, and such disparities have clinical implications. No published material after 1997
was reviewed in that article, and some (but not all) recent studies report less racial and
gender disparity once adjustment is made for clinical and organizational factors
(31,32). However, a more recent review acknowledged that evidence for disparities in
referral for revascularization for blacks, Hispanics, and Asians is inconsistent, but per-
sists regardless of data source (i.e., administrative databases, clinical databases, and
survey data through May 2000; 34).

However, most of these study types address race or gender, and few have examined
their race and gender interaction (25,30,35). Yet, data from the National Hospital Dis-
charge Survey (NHDS) for patients discharged with AMI in 1988–1990 demonstrated
that black women were the least likely to undergo cardiac catheterization, angioplasty,
and coronary bypass surgery, whereas white men were the most likely. The analysis
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was adjusted for age, hospital size and type, region, in-hospital mortality, health insur-
ance type, and hospital transfer rates. The odds ratio for black women to undergo
CABG was 0.26 (95% confidence interval [CI], 0.11–0.61) when compared to white
men (36). A study using Medicare Part A claims data for a random beneficiaries sample
in 1991–1992 from five states found no significant disparity by race among women for
revascularization appropriateness according to the RAND Institution criteria (37).

Physicians’ decisions for cardiac catheterization referral were assessed in 1996–1997
using videotaped scripted interviews of actors portraying patients that represented
eight combinations of race, gender, and age. The effects of differing clinical presenta-
tion, socioeconomic status, and insurance were negated by using identical scripts for
each of three chest pain types. Information on cardiovascular risk, as well as the results
of the electrocardiogram and a subsequent Thallium exercise stress test were also pro-
vided. More than 700 physicians participated, and the race and gender interaction was
significant as black women were the only patients less likely to be referred for cardiac
catheterization than white men (29). This study has been criticized for the manner in
which findings were presented and subsequently publicized in the general media (38).
However, because differences in access and referral to catheterization and revascular-
ization by gender and race continue to be seen, well-designed studies and ongoing
health care disparity discussions are needed.

EFFECTIVENESS: OUTCOMES AFTER CABG

Effectiveness is evaluated by reviewing the outcomes literature for CABG. Out-
comes to be reviewed include mortality, morbidity, resource utilization, recovery,
symptom relief, functional status, and quality-of-life measures. Additionally, race and
gender factors will be outlined from the existing CABG literature.

CABG: Mortality
Improved survival is a well-accepted outcome post-CABG for patients with signifi-

cant CAD (three-vessel, left-main equivalent, and/or reduced ejection fraction ([EF];
39,40). In evaluating CABG effectiveness in women and minorities, the same survival
benefit should be evident, and mortality can be compared to the white male mortality
who are the predominant subjects and reference group in CABG studies.

In CASS, women had an operative mortality (OM) of 4.61% when compared to
1.97% for men (41). The gender difference in OM was most prevalent in the age group
of 40–59 years, with OM being similar in patients age 60 and older. In subsequent
analysis, CASS investigators and others concluded that when adjustment was made for
differences in both the patient’s size (smaller physical size was associated with greater
mortality) and basic clinical and angiographic variables, gender contributed no predic-
tive information (8,42).

Other investigators have also concluded that female gender is not an independent pre-
dictor of mortality in either younger (age 40–65 years, n = 1464) or older patients (≥ 75
years, n = 663; 43–45), or in patients overall (46,47). Female gender was not found to be
an independent predictor for early postoperative mortality after adjustment for other risk
variables in 4823 patients (19.3% female) undergoing CABG in 1989–1998 (48).

However, other studies have documented that for women with higher OM, mortality
persists even with adjustment for clinical and physical size variables among CABG
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patients, including the elderly (13,49,50). The Society of Thoracic Surgeons (STS)
National Database was used to evaluate more than 300,000 patients having isolated
CABG from 1994 to 1996. Women and men were compared to determine differences
in clinical characteristics, and risk stratification was performed to compare OM of sub-
populations having similar risk. To fully account for the impact of all risk factors, the
STS risk model was used to place patients into similar-risk groups. OM analysis
showed a higher OM for women than men in all but the very highest-risk categories
(when operative risk approached 30%, no gender difference was found). Effect of body
size was evaluated by dividing patients into 10 groups with the same body surface area
(BSA). The OM difference was accentuated at higher BSA, and there was no mortality
difference by gender for those patients in the smallest BSA groups (BSA < 1.805 m2).
The investigators concluded that there is mounting evidence to support the existence of
gender-specific responses to CVD and treatment, and that gender is an independent risk
factor for mortality, except when operative risk exceeds 30% (12).

Increased mortality risk in females was evaluated using a risk score from a pub-
lished logistic risk model in three large CABG patient databases (combined n =
63,116). Female gender was associated with a 58% greater mortality vs men, but after
adjustment for differences in risk factor prevalence and BSA, women had a 14%
greater mortality than men (OR 1.14, p = 0.026). Accounting for BSA essentially elim-
inates the gender effect, but there is still debate regarding whether gender is a surrogate
for BSA or whether gender and BSA represent different underlying mechanisms (51).

Long-term mortality findings post-CABG by gender are different from the findings
for OM. After OM adjustment, 5- and 6-year survival for males and females was essen-
tially the same in CASS (41,52). Female gender has also been found to be protective
for late survival (60 months) after adjustment for other risk variables (48). In a study of
CABG patients less than age 65 (n = 1047) and those 65 and older (n = 953), female
gender was associated with higher 5-year mortality in the younger group, but not the
older. Men in the older group had a higher risk of death within 5 years than did older
women (53). In a small sample (n = 195) of the oldest-old (age 80–91), female gender
was not associated with long-term mortality risk (43).

CABG: Morbidity
Female gender may be associated with some increase in complications following

CABG as well. In an analysis of 20,614 patients undergoing CABG, female gender
was an independent predictor of low-output syndrome (requirement for inotropes or
intra-aortic balloon pump [IABP] support to maintain a cardiac index ≥ 2 L/min)
among all patients and those with EF of 20–40%, but not in patients with EF less than
20% (50). Female gender was a weak independent predictor for the prespecified com-
posite endpoint of death, perioperative myocardial infarction (MI), IABP use, or stroke
in a study of 932 women and 3891 men undergoing isolated CABG from 1989 to 1998
(48).

Conversely, Geraci et al. (54) did not find female gender to be associated with a
higher risk of adverse events (serious postoperative complications) post-CABG in a
study of 2213 Medicare patients. Similarly, in an analysis of 1743 consecutive patients
(30% women) undergoing isolated CABG from 1994 to 1997, female gender was not
an independent predictor of postoperative complications, but the higher incidence of
female complications was associated with their higher rate of comorbid conditions
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(46). Ferraris and Ferraris (55) found that congestive heart failure (CHF), hypertension,
previous stroke, and the combined variable of age/red blood cell volume (indicative of
smaller body size and anemia) were independent predictors of serious postoperative
morbidity. They concluded that variables reflecting chronic health status and older age
seem to be more predictive of increased morbidity.

Although there seems to be some evidence that female gender has some intrinsic
association with increased operative mortality and morbidity in patients undergoing
CABG, adjusting for other risk factors decreases and, in some studies, erases the
greater mortality and morbidity risk of women when compared to men.

CABG: Resource Utilization
Female gender has been found to be associated with longer length of stay following

CABG, including longer intubation duration and longer intensive care unit (ICU) stay
(46,56–59). Because there is a trend toward shorter postoperative length of stay
(PLOS; median 4 days; 60), a length of stay longer than average may be an obvious
marker of a more complicated high-risk patient. Lahey et al. (61) found higher 30-day
readmission rates for patients discharged at 7 days (33%) and 8 days (36%) than for
those discharged on or before day 6 (16.2%). A recent abstract also reported that the
cardiac surgery cost was also 1.2 times higher in women than men (mean difference
$3997, p < 0.02) after adjusting for preoperative risk factors and age. Women’s dura-
tion of mechanical ventilation and postoperative length of stay were longer than men’s,
although mortality was comparable (62).

Women have higher rehospitalization rates post-CABG than men in many studies.
Among Medicare beneficiaries, women had higher age-adjusted rates than men for all
rehospitalizations (p < 0.001) and for related event rehospitalizations (p < 0.001) dur-
ing 1-year follow-up (63). Deaton et al. (64) found a 41% rate of unplanned rehospital-
ization 3 months post-CABG in women vs a 22% rate for men, and another study (61)
reported that 53% of re-admitted patients were women vs 33% of the patients (p < 0.001)
who were not re-admitted. Cardiovascular re-admission 60 days post-CABG discharge
was positively associated with female gender (65). In contrast, Ai et al. (66) did not
find female gender to be associated with higher rates of rehospitalization 1 year after
CABG in 151 patients.

CABG: Recovery, Symptom Relief, and Functional Status
Women and men also differ in their recovery experiences following CABG as well

as in the extent of symptom relief and functional status improvement. Some investi-
gators have documented that women have worse functional status prior to CABG than
men, and that this is maintained or even increased throughout recovery (64,67).
Slower attainment of physical functioning after CABG was reported in women when
compared to men (measured by the Short Form [SF]-36), although the study was lim-
ited by a very small sample (68). Female gender was found to be an independent pre-
dictor of worse functional status (measured by the Duke Activity Status Index)
preoperatively and at 1 year in a study of 199 patients age 65 and older (69). In
another study, women’s self-rated health was significantly worse than men’s at 1-year
post-CABG (66).

Artinian and Duggan (70) described 6-week recovery in 132 men and 47 women
after CABG. Women had more comorbid conditions, cardiovascular risk factors and
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urgent or emergent surgery, and lower education and income. However, women and
men did not differ by preoperative functional status or health perception. Women
reported greater ambulation dysfunction, home management dysfunction, more symp-
toms, worse depression scores, and poorer physical health perceptions at 1-, 3-, and 6-
week postsurgery than men, although both genders improved over time. The decrease
in reported symptoms was greater in men over time than in women. The investigators
concluded that women appeared to have a slower physical recovery than men during
the first 6-week postsurgery follow-up.

These findings may be put into context when preoperative male and female differ-
ences at the time of CABG are taken into account. Importantly, one study found that
women’s functional and health status 6 months following CABG was not worse than
men’s once adjustment was made for women’s older age, greater comorbid illnesses,
CVD severity, and significant psychosocial variables (71).

Additionally, in some studies, women actually have greater gains in functional recov-
ery than men do, yet continuing to have worse functional status scores than men. Women
had worse preoperative functional status, lower life satisfaction, and poorer social sup-
port than men (undergoing CABG and valve surgery), but social support was only worse
for women at 3 months (72). Women were significantly less likely than men to return to
their normal activities at 3 months, but women demonstrated more improvement in func-
tional status than men (72). Rankin (58) compared women’s recovery (n = 24) and men’s
(n = 93) during the first 3 months post-CABG. Preoperatively, women were more func-
tionally compromised than men, with longer ICU stays and higher in-hospital mortality
at 6 weeks. However, no gender differences were found for measures of biophysical,
sexual, recreational, or return-to-work variables at 1 or 3 months.

Women may also have an advantage in psychological recovery, despite that women
have higher depression incidence than men pre-CABG and at the time of postsurgical
discharge (73). Women reported significantly less mood disturbance (anxiety, anger,
and depression measured by the Profile of Mood States) than men at 1 and 3 months
post-CABG in one study (58). Similarly, Sokol et al. (74) found that psychological
changes after CABG were not worse in women when compared to men, and that
women experienced improvement in emotional well-being 6 and 12 months post-
CABG, whereas men did not. The number of noncardiac chronic conditions (rather
than gender) has been found to be the strongest predictor of depression (66).

Many studies of long-term symptom relief following CABG have demonstrated that
women report more angina postsurgery than men (48,53). Female gender was an inde-
pendent predictor of recurrent angina in the first and subsequent postoperative years in
the CASS Registry (75).

CABG: RACE AND GENDER

Race was evaluated in CASS to determine the therapy’s effect on survival in blacks
when compared to whites. Overall, 5-year survival was worse for black men, but
among women, only black women age 50–54 had lower survival than same-age white
women. In multivariate analysis, the black race was associated with worse survival in
the medical group, but not the surgical group (3).

Preoperative characteristics and in-hospital outcomes were compared in 336 black
women with an equal number of randomly selected age-matched white women who
had CABG from 1995 to 1999. In the total sample of women prior to age matching,
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white women were significantly older than black women (61.2 ± 11 years vs 66 ± 11
years, p < 0.0001). Black females in comparison to white had higher rates of diabetes,
hypertension, renal insufficiency, obesity, and clustering of risk factors, whereas white
women tended to have more emergency surgery. Mortality and morbidity did not differ
by race, although black women tended to have more prolonged mechanical ventilation,
and white women had more atrial fibrillation. PLOS was significantly longer for black
women (67).

The influence of gender was investigated in a large cohort of black patients who
underwent coronary angiography for suspected CAD, were hospitalized for AMI, or
had CABG (780 men and 939 women) in 1983–1989. Women and men undergoing
CABG (n = 159; 71 women) did not differ by age, comorbid conditions, or CAD
extent. Mean EF was higher in women (62 ± 15) than men (55 ± 15, p < 0.01). Women
undergoing CABG had better 30-day and 48-month survival than men, but the differ-
ence was not significant (76).

EFFECTIVENESS: OUTCOMES AFTER PCI

PCI outcomes include mortality, morbidity, resource utilization, procedural success,
recovery, symptom relief, functional status, and quality-of-life measures. Additionally,
race and gender interaction is outlined from the existing PCI literature.

PCI: Mortality
As reported in the review by Philippides and Jacobs (7), acute mortality was higher

in women undergoing PCI than men in multiple studies in the 1980s and early 1990s.
For example, women’s PCI-related mortality in the National Heart, Lung, and Blood
Institute Percutaneous Transluminal Coronary Angioplasty (NHLBI PTCA) registry
1977–1981 was six times that of men (1.7% vs 0.3%), and multivariate analysis found
that female gender was the only predictor of mortality. In subsequent years of the reg-
istry (1985–1986), women continued to have a higher procedural mortality rate (2.6%
vs 0.3%). In fact, Kelsey and colleagues adjusted for baseline differences and found
female gender to impart an independent 4.5-fold increased risk of in-hospital mortality
following PCI (77).

Greater procedural mortality for women in comparison to men was reported for PCI
performed from 1980 to 1990, with in-hospital mortality being higher for women at
every decade of age. Multivariate predictors of in-hospital death were female gender,
older age, multivessel disease, and reduced LVEF (78). Bell et al. (79) found that
women’s in-hospital mortality post-PCI was higher from 1988 to 1990 than from 1979
to 1987 (5.4% vs 2.9%, p = 0.04) and was significantly higher than male mortality
(3.1%, p = 0.01) in 1988–1990. Female gender was a weak, but significant, indepen-
dent predictor of in-hospital death (OR 1.51, 95% CI: 1.00–2.29), and the association
was decreased slightly when BSA was added to the multivariate model.

Although reports of gender differences in long-term outcome post-PCI are limited,
female gender is not a consistent predictor of higher mortality. At 16-month follow-up,
men had higher cumulative mortality (2.2% vs 0.3%, p < 0.05) than women in 1397
patients from the NHLBI PTCA registry in 1977–1981. In this analysis, male gender
was an independent predictor of late mortality (80). In other analyses, cumulative mor-
tality (follow-up ranging from 34 months to 7 years) did not differ between men and
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women (78,81,82). Other investigators contend that female sex is an independent pre-
dictor of improved 5-year survival following PCI and CABG after controlling for
women’s higher risk profile (83).

In a comparison of 1001 women and 3263 men receiving coronary artery stents from
1992 to 1998, women were older and had more hypertension, diabetes, and hypercho-
lesterolemia, but presented with higher EF, less current smoking, multivessel disease,
previous MI, and CABG than men. Periprocedural and postprocedural therapy did not
differ by gender. Thirty-day outcomes were worse for women who had a higher risk of
death, nonfatal MI, or any event (e.g., revascularization) than men. Excess female risk
declined over the subsequent months so that 1-year outcomes were similar between
women and men. The major risk factor for death at 1 year for women was diabetes; for
men, it was older age (84).

Following PCI, outcomes for women and men were evaluated using the large obser-
vational National Cardiovascular Network (NCN) registry database (n = 109,708 PCI
patients in 1994–1997, 33% women). Excess in-hospital mortality for women overall
and in device subgroups (balloon-only, stent, and atherectomy) disappeared after
adjustment for age, comorbid illness, disease severity, and BSA. The study confirmed
BSA’s importance when considering mortality risk, in that patients of equivalent size,
regardless of gender, had equivalent mortality rates. Another important finding was that
in those unstable or severely ill patients with higher predicted PCI mortality risk,
women faced a lower relative risk of dying when compared with men (85).

PCI: Morbidity
Reports differ as to whether complication rates are higher for women than men post-

PCI. In-hospital reportable outcomes for men and women are similar with comparable
rates of Q-wave MI, emergency CABG, and abrupt vessel closure, although women
experienced higher CHF rates and pulmonary edema (79,83,86). Vascular (arteriove-
nous fistula and need for blood transfusion) and renal complications have been found
to be more prevalent in women (87,88). In a current data review concerning restenosis
following PTCA, however, Califf et al. (89), concluded that female gender is not asso-
ciated with increased restenosis risk and, in fact, noted that some studies have indicated
restenosis was more common in males.

Findings on complications differed by gender in an analysis of PCI outcomes from
1994 to 1997 from the NCN registry. Even after adjustment for age, comorbid illness,
disease severity, and BSA, female gender was associated with an increased risk of
stroke (OR 1.36; 95% CI 1.1–1.7), Q wave MI (OR 1.25; 95% CI 1.1–1.4), and vascu-
lar complications (OR 1.48; 95% CI 1.3–1.7). Overall complication rates were very
low for both women and men. Additionally, women more often required a repeat revas-
cularization procedure (repeat PCI or bypass surgery) prior to hospital discharge (OR
1.09 [1.03, 1.16]; 85).

PCI: Procedural Success
Early PCI procedural success (≥20% reduction in luminal diameter narrowing) and

clinical success (procedural success plus the absence of death, MI, and emergent
CABG) were lower in women when compared to men. Data from the 1977–1981
NHLBI PTCA registry found procedural success to be 60% in women vs 66% in men,
and clinical success was 57% in women vs 62% in men (80). Subsequent reports from
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the 1985–1986 NHLBI PTCA registry found that success rates had improved for both
genders and there were no male and female differences (77). Possible explanations
regarding early gender differences in PCI outcomes may be the use of 3-mm balloons,
which were oversized for women and the fact that many early analyses did not adjust
for baseline differences (i.e., older age and comorbidities) for women vs men. Later
investigators reported similar procedural and clinical success rates for women and men
(78,79,86). However, in an early report of the use of directional coronary atherectomy
and stents, procedural success was lower in women (90).

More recent reports of coronary artery stenting (1992–1998) indicated similar pro-
cedural success in 1001 women and 3263 men. Lesion and vessel characteristics dif-
fered only in that women had more left-anterior descending lesions, shorter lesion
length, smaller vessel size, and fewer restenotic lesions than men. Final minimal lumen
diameter was less in women, but most procedural characteristics were similar between
genders. Procedural success was achieved in 98% of both women and men (84).

PCI: Recovery, Symptom Relief, and Functional Status
Few data exist regarding quality of life and functional status, specifically for women

undergoing PCI. Krumholz et al. (91) examined health-related quality of life after elec-
tive PCI for 103 consecutive patients; however, only a small percentage was female
(24%). Nonetheless, physical functioning, vitality, and social functioning scores
improved as well as improvement in CCSC class, whereas no significant change
occurred in general health perceptions.

Predictors of physical component subscale (PCS) score on the SF-36 6 months after
PCI were baseline (preoperative) PCS, comorbidity index, baseline mental component
subscale (MCS) score, prior CABG, age, and thrombolysis. Only when the cut-off for
inclusion of variables was relaxed to p < 0.15 did female gender enter as an indepen-
dent predictor of lower PCS at 6 months (92).

Female patients in the Randomized Intervention Treatment of Angina trial (RITA-2)
had significantly worse physical functioning baseline ratings and vitality by the SF-36
than males. The baseline scores were the strongest predictor of 1-year scores, indicat-
ing consistency over time in patient self-assessment of quality of life (93). Other inves-
tigators have reported greater difficulties initiating sleep and worse quality of life
post-PCI in females when compared with age-matched males (94).

PCI: RACE AND GENDER

Similar to the findings in patients undergoing surgical revascularization, women
undergoing PCI are different from men undergoing the procedure. Data have consis-
tently indicated that women were older and had more hypertension, diabetes, unstable
angina, class IV angina, and heart failure (7,78,79) at the time of procedure. In con-
trast, women had better LV systolic function, were less likely to be smokers, and have
had a previous MI or CABG vs men (83,84). Women have also been found to have
smaller coronary arteries and more diffuse stenoses (77,95). Consistent with women’s
higher CHF rates and preserved LV systolic function, women have also been found to
have more LV hypertrophy (9,10).

Comparisons of black and white women in the NHLBI 1985–1986 PTCA registry
found that white women were older, but had less unstable angina, diabetes, hyperten-
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sion, and current smoking than black women. A small number of black women (n = 38)
and black men (n = 38), over half of whom came from one institution, limited the con-
clusions that could be drawn and the generalizability of the findings in this registry.
The number of black patients was less than expected, again indicating that potential
referral and access bias limits our ability to confirm conclusions about revasculariza-
tion in minority patients. Generally, black patients were younger, more often female,
had more unstable angina, current smoking, and hypertension. Black patients had a
higher multivessel disease incidence, but there was no difference in the number of
lesions attempted or the number of vessels treated. Black and white patients also did
not differ by lesion location, morphology, geometry, or calcium presence, but stenosis
pre- and post-PTCA was higher in black patients. Procedural success and complica-
tions were similar except for a higher rate of branch occlusion in blacks. Clinical suc-
cess and outcomes were similar except that black patients had higher residual vessel
disease, consistent with the higher incidence of multivessel disease prior to PTCA.
Long-term (5-year) outcomes were similar as well, except for a trend for fewer black
patients to report no angina (96).

A small number of black patients (n = 200, 51% female) were compared to 4079
white patients undergoing PCI in the NACI registry. Black patients were younger,
more likely to be female, and had higher rates of other concomitant disease, hyper-
tension, diabetes, CHF, and a higher body mass index (BMI) than white patients.
Black patients were less likely to undergo urgent or emergent procedures, but there
were no differences in use of new devices or number of vessels treated. Procedural
success and in-hospital outcomes did not differ by race. Sex analysis by race demon-
strated a lower rate of hospital MI in black men in comparison to black women. One-
year follow-up demonstrated no differences by race, but again showed gender
differences among blacks. The composite endpoint of death, QMI, or any revascular-
ization, occurred in 38.4% of black men and 28.7% of black women (p value not
given). Black men were less likely to report improved angina when compared to
black women (63% vs 77%). Kaplan-Meier plots from discharge to 1 year revealed
greater event-free survival for black women vs black men, but no sex difference
among white patients. Black males had a relative risk of 4.06 (95% CI 1.48–11.13)
for death/Q wave MI/CABG when compared to black females. White women and
black women were not compared (97).

CONCLUSIONS

Coronary revascularization is effective for women, including minority women. Ini-
tially, higher in-hospital mortality and morbidity rates for women largely (although not
completely) disappear when women’s high-risk profiles are controlled in the analysis.
Additionally, it is important to remember that although women and minorities may
have somewhat higher relative risk than men and whites, absolute risk differences are
small. Gender and race are relatively weak risk predictors, and other patient character-
istics (age, heart disease severity, coexisting conditions) are important factors to con-
sider when making patient-specific risk estimates or treatment recommendations.

Long-term female outcomes after revascularization are equal to and sometimes
better than male outcomes. Black and white women have similar outcomes and sur-
vival and do not exhibit the disparity that is seen in black and white men. Women’s
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outcomes have improved over time, which may reflect a “learning curve” for
providers as they gain experience in dealing with older women who have multiple
coexisting conditions, smaller coronary anatomy, and physiological therapy
responses that may be different from men. Therapies developed specifically for
women with CAD are needed, rather than relying on the indiscriminate application of
therapies developed on the prevailing male model. Early diagnosis in women is
imperative, particularly in black women who develop heart disease earlier than white
women. Because many women will be older and “sicker” at the time of revasculariza-
tion, particular attention needs to be paid to improving women’s recovery and quality
of life after surgery and PCI.

Patients should not be denied revascularization on the basis of gender, race, or eth-
nicity. CABG and PCI are effective therapies for women, men, minorities, and whites.
Nonetheless, continuing research is necessary on the access and referral to revascular-
ization, along with interventions to improve outcomes for women, minorities, and
indeed, all patients.
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INTRODUCTION

Only in the last decade have physicians truly recognized that heart disease may pre-
sent and behave differently in women when compared to men. In addition, there are
sensitivity and specificity differences in diagnostic tests for coronary heart disease
(CHD). This recognition of gender differences, critical to heart disease diagnosis and
management, extends to electrophysiology as well. Significant differences in the nat-
ural history of arrhythmias in women are being discovered, leading to a new under-
standing of gender differences and more importantly, inspiring research into the basic
mechanisms of that difference. Currently, the major thrust is to determine reproductive
hormones’ influence on normal and abnormal cardiac conduction. Estrogen, particu-
larly estradiol, has many effects on conduction tissue. Testosterone may influence basic
conduction properties as well. Reproductive hormones play a significant role in modu-
lating the presentation and behavior of numerous arrhythmia types. The following dis-
cussion centers on the most important aspects of clinical electrophysiology in women
with CHD, namely atrial fibrillation (AF), long QT syndrome, and sudden cardiac
death, preceded by a review of the basic differences in heart rate (HR) and repolariza-
tion between the sexes.
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BASIC ELECTROPHYSIOLOGY: SIMILARITIES 
AND DIFFERENCES BETWEEN THE SEXES

The most basic electrophysiological parameter is HR. Men typically have a slightly
slower HR (longer sinus cycle length) than women. Debate arises over the possibility
of an intrinsic difference between men and women regarding sinus cycle length. After
autonomic blockade, Jose and Collison found that women had a higher intrinsic HR
than men (1), which suggests that autonomic tone does not have a significant impact on
HR disparity between men and women. Burke et al. also showed that men have a
slower intrinsic HR than women with autonomic blockade (2). Additionally, they com-
pared HRs in men and women undergoing maximal exercise. Interestingly, covariance
analysis identified maximal exercise capacity as the only significant predictor of HR.
Thus, a greater capacity for higher exertion levels in men appears to underlie the gen-
der HR difference.

HR also appears to vary depending on what phase of the female reproductive cycle
the measurement is taken (3). During the high estrogen state, HR is relatively faster
than at low estrogen state. Fluctuations in circulating blood volume and metabolic rate
may underlie these changes.

Another basic electrophysiological parameter is the QT interval. In 1920, Bazett
identified a length difference in the QT interval between women and men (4) and also
defined how the QT interval changes with HR fluctuations. Since Bazett’s work, sev-
eral methods have been described to correct the QT interval for HR (5). A 10–20-ms
difference exists between the shorter adult male-corrected QT interval and the longer
adult female-corrected QT interval. Moreover, the QT interval undergoes circadian
variation, where the most QT variability occurs during sleep, and the maximal QT
interval is found shortly after awakening before it declines to daytime levels (6).

To explain the 10–20-ms difference in corrected QT intervals, prepubertal QT inter-
vals should be examined. The QT interval is basically the same for boys and girls until
puberty. The QT male interval shortens with the growth spurt associated with puberty,
a time of increased male hormone production (7; Fig. 1), and remains shorter until
about age 50. Recent data from Biggodia et al. compares repolarization differences in
normal women and men, castrated men, and women with virilization syndromes,
revealing information that corroborates an androgen effect on the QT interval (8). Elec-
trocardiograms (ECGs) from castrated men, specifically the QT interval and T-wave
morphology, closely resembled that of normal females. Interestingly, the castrated
men’s QT intervals and T waves returned to near precastration levels with testosterone
administration. Another interesting facet of this study involved virilized females. The
QT interval and T-wave morphology closely reflected that of normal men. This study
validated its findings with clear differences between the groups’ plasma androgen
assays and the inclusion of normal male and female controls.

Autonomic blockade has been carried out in women and men while the QT interval
was measured (9). The QT interval difference between men and women was preserved.
The same female group was studied at menses, during the follicular phase, and during
the luteal phase, with and without autonomic blockade. During autonomic blockade,
the QT interval was longest in the follicular phase and shortest in the luteal phase. This
difference was not present without autonomic blockade and does not explain the QT
interval disparity between men and women.
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Other QT interval facets affected by gender are the QT-relative risk (RR) relation-
ship, T-wave morphology, and QT dispersion. The QT-RR relationship is different
between men and women. In women, the QT interval shortens more rapidly as cycle
length shortens and approaches the QT interval for men at higher HRs (10–12). Thus,
gender differences in QT interval disappear as HR increases (Fig. 2). In post-
menopausal women who were given estrogen replacement therapy (ERT), the QT-RR
relationship became similar to that of premenopausal women (13). The QT-RR regres-
sion slope increased by 93% with the addition of ERT. No variability change of the RR
or QT interval was noted in the ERT state when compared to the postmenopausal state.

T-wave morphology in women differs from that in men. The area under the T wave
is less in women, and the upsloping and downsloping limbs are more horizontal than in
men (8,14). This difference may be a significant contributor to the increased QT inter-
val length in women, as the overall T-wave duration is shorter. As shown by Biggodia,
T-wave morphology is modifiable through testosterone administration in men who
were previously in a low-testosterone state. This finding suggests that the shape of the
QT and T-wave morphology are more influenced by androgens than estrogens (8).

QT dispersion is defined as the difference between the longest and shortest QTc
intervals on a single 12-lead ECG tracing. The normal value will not exceed 60 ms,
with values greater than 100 ms believed to confer additional arrhythmia risk (5). QT
dispersion has been noted to be greater in men than in women. It has been postulated
that a higher degree of QT dispersion may lead to increased arrhythmic events. Con-
troversy exists in the literature regarding the validity of this arrhythmia predictor.
Zabel et al. demonstrated in post-myocardial infarction (MI) patients that the pres-
ence of “significant” QT dispersion did not confer a worse prognosis over those with-
out significant QT dispersion (15). Day found that patients with congenital long QT
syndrome had greater QT dispersion than those with drug-associated (sotalol) long
QT syndrome (16).

QT dispersion persists after autonomic blockade, although the degree of QT disper-
sion is less, suggesting that the autonomic nervous system does not account for the
gender-based differences (9). QT dispersion is reduced in estrogen-deficient women

Chapter 19 / Electrophysiology 287

Fig. 1. Age-related differences in QT duration in males and females. Prepubertal males and females
have similar QT durations. The male QT interval shortens at puberty (by 20 ms) and remains shorter
throughout the reproductive years.
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Fig. 2. As heart rate (HR) increases, the QT interval difference between the genders decrease. The
QT peak and QT offset are measured from the beginning of the QRS to the T-wave peak and at the
repolarization endpoint, respectively. (A). HR-independent analysis of gender effects on the QT off-
set interval. Data are shown as mean ± 1 SE. Women have a longer QT interval than men (up to 100
beats/min for QT offset), with significant differences found at 70 and 90 beats/min HR bins. p <0.05.
(B). HR-independent analysis of gender effects on the QT peak interval. Data are shown as mean ± 1
SE. Women have a longer QT interval than men [up to 110 beats/min for QT peak], with significant
differences found at 70, 90, and 100 beats/min HR bins. p <0.05. (Adapted from ref. 12.)



when ERT is supplied (17). This may be a possible explanation for the difference in
risk of sudden cardiac death in pre- vs postmenopausal women, but a consensus does
not exist to confirm this as a bona-fide mechanism for sudden cardiac death in women.

In summary, the estrogen impact on normal and abnormal cardiac conduction is
still not fully established. Estrogen is certainly active in different aspects of cardiac
conduction, such as in the QT-RR relationship, T-wave morphology, and QT disper-
sion, but it does not explain the disparity between men and women. Indeed, andro-
gens may have more influence on this disparity than female hormones, and the QT
interval difference begins during greatly increased androgen production. These differ-
ences likely account for at least some variation in the presentation of cardiac arrhyth-
mias in men and women.

ATRIAL FIBRILLATION

The most common sustained arrhythmia in either sex is AF. AF prevalence begins
to rise after age 40, with a marked increase in the general population above age 65.
Evaluation of epidemiological data reveals a higher AF prevalence in men than in
women at all ages. As age increases, the gap in prevalence between gender widens,
with men above age 75 twice as likely to be affected. However, because of their
longer life expectancy, the absolute number of women with AF is larger than the
number of men with this arrhythmia. Overall, women appear to account for 53% of
all patients with AF (18).

The Framingham Heart Study recruited numerous men and women and followed
them for 30 years, yielding important epidemiological data regarding AF. Men with AF
were more likely to have coronary artery disease (CAD) and a history of MI, with five
times the risk of women of developing AF with prior coronary disease. Men also were
at five times greater risk than women to develop AF after coronary artery bypass
surgery (CABG) (Coronary Artery Surgery Study [CASS] Registry). Women were
more likely to have congestive heart failure (CHF) and valvular heart disease than men
with AF (Table 1; 19,20).

Some data suggests that lower AF incidence in women results from estrogen status.
Tse et al. found significant differences in the shortening of the atrial effective refrac-
tory period with rapid pacing in men and women (21). Although premenopausal
women had the shortest atrial effective refractory periods during sinus rhythm, they
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Table 1
Population-Attributable Risk of the Risk Factors Associated With AF

Variables Men Women

Cigarette smoking 2 8
Diabetes 4 4
Electrocardiographic LV hypertrophy 2 1
Hypertension 14 14
MI 5 1
CHF 10 12
Valve disease 5 18

AF, atrial fibrillation; MI, myocardial infarction; CHF, congestive heart failure.
(Adapted from ref. 19.)



had less of a decline in atrial effective refractory period with rapid atrial pacing and
elevated atrial pressure compared to postmenopausal women and age-matched men.
The attenuated shortening of the atrial effective refractory period observed under
these conditions in premenopausal women suggests that estrogen may exert a protec-
tive effect against AF in premenopausal women. The effect seen is not because of age,
as there were no age-related differences in atrial effective refractory periods observed
in men.

There appear to be differences between men and women in the rate and duration of
paroxysmal AF, as reported by Hnatkova et al. (23). In a male and female population
with paroxysmal AF, women had statistically higher HRs at AF onset (123 ± 35 vs 115
± 20 beats/min) and during the episode (120 ± 25 vs 112 ± 22 beat/min). They also
tended to have longer episodes (83.8 vs 46.9 min, mean, p = ns). The study demo-
graphics were well-matched in all categories, but the mean age was somewhat higher
in women when compared to men (65.5 ± 12.4 years vs 58.5 ± 12.6 years, p = ns). As
the conduction system ages, mean HR decreases, likely from age-accrued defects in the
conduction system. However, even though the women were older, the mean HR during
AF was higher in women than men. The authors proposed autonomic differences
between men and women as a possible explanation (22). The faster HRs and longer AF
duration in women may necessitate the more frequent use of antiarrhythmic drugs for
quality of life.

In the Canadian Registry of Atrial Fibrillation (CARAF), it was found that the age of
AF presentation in women tended to be older than in men. Women also had higher HRs
during AF than men. Interestingly, women were half as likely to receive warfarin than
men. In this study, women were also 3.35 times more likely to sustain a major bleed
from warfarin than men. Apparently, the major factor in these serious bleeds was poor
control of the international normalized ratio (INR; 23).

When cardioversion of paroxysmal AF or atrial flutter is successful, women are less
likely to maintain sinus rhythm. In a study of 124 consecutive patients, Suttorp et al.
investigated the risk factors for recurrence of paroxysmal AF or atrial flutter. Subjects
with reduced left ventricular (LV) function were excluded, and antiarrhythmic medica-
tions were not utilized. The endpoint was the first recurrence of the arrhythmia. Signif-
icant risk factors for recurrence included CAD, history of paroxysms of AF or atrial
flutter, pulmonary disease and valvular heart disease. In addition, there was a higher
risk of recurrence in women, with a relative risk of 2.3 (24).

Women may be more at risk for embolic stroke than men with AF, but they also tend
to derive more of a benefit from anticoagulation usage than men (25). Women are also
at higher risk for death because of AF, even when matched for comorbid cardiac condi-
tions. Additionally, women are at higher risk for proarrhythmia than men with the use
of QT-prolonging antiarrhythmic medications (26).

LONG QT SYNDROME

A female predominance exists in congenital long QT syndrome, with a 70% female-
to-male split (27). In addition to the prevalence disparity, females make up more than
60% of symptomatic family members in the International Long QT Syndrome (LQTS)
registry (28). Males are more likely to be younger and to have higher event rates before
age 15 than females. After age 15, the trend is reversed, with females comprising the
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majority of the affected population and as well as the most symptomatic. In LQT2 and
LQT3, the event rate is similar when comparing males and females, regardless of age.

It is unclear the reason for the gender difference in congenital long QT syndrome.
Perhaps the underlying difference in the QT interval, with the QT interval being 10–20
ms shorter in males, protects against the potentially fatal syndrome. The difference
becomes obvious after puberty, as females suffer most of the symptomatic episodes
attributed to congenital long QT syndrome in older patients. Also apparent is the fact
that the potassium channel defect associated with certain long QT syndrome pheno-
types does not affect the naturally shorter QT interval in men. Lehman et al. provided
interesting data showing that the shorter male QT interval is preserved with or without
the chromosome defect in LQT1 or LQT2 (29). Both of these genetic defects affect the
potassium channel, causing prolonged myocardium repolarization.

Sudden death because of torsades de pointes from QT-prolonging drugs is more
common in females than males. Makkar et al. reported an overabundance of torsades
de pointes in women who receive prescriptions for QT-prolonging agents (Table 2; 30).
In that study, 70% of torsades de pointes occurred in women that receive cardiovascu-
lar drugs, although they received only 44% of prescribed drugs. Marker et al. also
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Table 2
Observed vs Expected Incidence of Torsades de Pointes (TdP) Among Women Given 

QT-Prolonging Agnets

Observed Expected
female prevalence female prevalence

Median
Drug Noa Age. Y % 95% CICb % p

Quinidine 108 64 60 50–70 43c <.00
Procainamide hydrochloride 39 66 49 32–66 38c .21
Disopyramide 49 66 86 72–94 63c <.00
Amiodarone 28 64 68 47–85 32c <.00
Sotalol hydrochloride 21 65 76 52–92 50d <.04
Bepridil hydrochoride 27 73 74 53–89 50d <.02
Prenylamine 23 71 78 56–89 50d <.02
Two drugs 19 66 89 63–99 NA NA

a Total number of patients adds up 314 (rather than 332) because two aggregate studies (30,31) totaling
18 patients included cases of exposure to more than one drug, making it impossible to calculate female
prevalence for specific drugs.

b CI indicates confidence interval.
c Based on data provided though a large national pharmaceutical marketing research database produced

by IN American, Plymouth Meeting, PA with specific reference to outpatient use of antiarrythmic drugs in
1986 original reported by Hine et al. (36) and supplemented by written communication (Richard A. Fehing,
IMS America, January 1992).

d For sotalol, bepridil, and prenylamine, where extensive data were not available to estimate expected
female prevalence, a conservative estimate of 50% was used. (An even lower prevalence is actually
expected, because the drugs are mainly used to treat male predominant conditions.)

NA, not applicable.
These data represent pooled information from literature sources from 1964 to 1992 reporting TdP in

patients undergoing clinical trials and from various case reports. (Adapted from ref. 30.)



reviewed other data, all of which revealed a more than 50% predominance of torsades
de pointes in women who take cardioactive medications.

Benton et al. administered a single placebo or quinidine dose, a class IA antiarrhyth-
mic agent, to 12 women and 12 men (31). Each group crossed over to the other arm
after the first administration. Using Bazett’s QT correction, these two groups were
compared. Quinidine caused greater QT prolongation in women than men at equivalent
serum concentrations. The QT interval change was 44% greater in women than men, a
highly significant result (p < 0.001).

There are intriguing new data from Rodriguez regarding changes in the risk of drug-
induced torsades de pointes during the menstrual cycle. In a cohort study, men and
women receiving ibutilide, a class III antiarrhythmic agent, were compared regarding
the risk of torsades de pointes. Low-dose ibutilide was administered to women on three
separate occasions, at different menstrual cycle phases, as verified by hormonal analy-
sis. Maximum QT prolongation with ibutilide occurred during menses (63 ms over
baseline). A 59-ms QTc prolongation occurred during the ovulatory phase, and a 53-ms
prolongation occurred during the luteal phase. Men exhibited a 46-ms prolongation of
QTc in response to ibutilide. Progesterone and progesterone-to-estradiol ratio inversely
correlated with ibutilide-induced QT prolongation (32).

No data exist that define a time during the menstrual cycle when a woman is most at
risk for torsades de pointes in response to QT-prolonging agents. However, given the
previous Rodriguez observations above, it might be reasonable to postulate that the
greatest risk of torsades de pointes in premenstrual women would coincide with the
menses. Thus, hospitalization for the initiation of QT-prolonging agents might best be
scheduled during the menses.

For women with CHD who require treatment with antiarrhythmic drugs, hospital-
ization for initiation of therapy with telemetry monitoring is usually advisable. In
such patients, therapy with the class IC antiarrhythmic drugs flecainide and
propafenone is generally contraindicated because of the findings from the Cardiac
Arrhythmia Suppression Trial (CAST; 33). This is unfortunate, as an advantage of
these two drugs is that they do not prolong the QT interval, they do not cause torsades
de pointes, and they can safely be started in the out-patient setting for supraventricu-
lar tachycardia in patients without structural heart disease. The class IA antiarrhyth-
mic drugs (quinidine, procainamide, and disopyramide) as well as the class III
antiarrhythmic drugs (sotalol, ibutilide, and amiodarone) can all cause torsades de
pointes. Therapy should be initiated in the hospital for most women with coronary
disease, particularly if the indication for treatment is ventricular arrhythmias. The
only exception is amiodarone; it is the least likely drug mentioned to cause torsades
de pointes. For that reason and because of its unique pharmacokinetics (need for
loading doses and long time to steady state), amiodarone can be initiated as an out-
patient for most patients for the treatment of supraventricular tachycardia or sympto-
matic ventricular ectopy.

SUDDEN CARDIAC DEATH

Sudden cardiac death occurs within 1 hour of the onset of symptoms after other pos-
sible modes of death have been ruled out. Approximately 300,000 people per year are
victims of sudden cardiac death in the United States. The problem of sudden cardiac
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death in women of all age groups is generally not as prevalent as in men. Women enjoy
a prevalence of sudden cardiac death less than half that of their male counterparts.
There appears to be a 10–20-year lag in the sudden cardiac death incidence in women
when matched for standard male risk factors (34). In men and women, the incidence of
sudden cardiac death increases with age.

In a breakdown of risk factors and associations of sudden cardiac death, women
are at lower risk for individual variables, such as CAD, LV hypertrophy, and CHF
when compared with men. Interestingly, a significant predictor of sudden cardiac
death is childlessness, with an odds ratio of 6.7 when compared to women who bore
children. Reflecting our inability to adequately screen women for significant CAD,
only 37% of women who suffer sudden cardiac death have a preceding diagnosis of
overt CAD. In contrast, 56% of men had a CAD diagnosis prior to sudden cardiac
death. In patients who have survived a cardiac arrest, CAD is the most significant pre-
dictor of mortality in women, whereas impaired LV function is most important in
men (35).

In women with CAD and decreased LV function, standard screening for the risk of
sudden cardiac death may be less effective than in men. Electrophysiological studies
may be less predictive in women than in men as suggested by the Multicenter Unsus-
tained Tachycardia Trial (MUSTT; 36). The rate of inducibility of sustained ventricular
tachycardia was found in this population to be lower in women (34% men vs 21%
women p = 0.001). Additionally, the Framingham Study revealed that the presence of
premature ventricular contractions with concomitant CAD did not increase the risk of
sudden cardiac death in women as it did in men (33).

Treatment to reduce the risk of sudden cardiac death remains effective in both sexes,
as beta blockade is effective in each gender post-MI (37). Implantable defibrillators are
also equally effective in men and women, with less frequent device firings in women
than their male counterparts in follow-up (38,39).

CONCLUSIONS

There are significant differences in the manifestations of AF and sudden cardiac
death in women with CHD in comparison to men. With AF, a greater number of intense
symptoms may necessitate therapy with antiarrhythmic drugs more often, yet drug-
induced torsades de pointes is a higher risk in women. The older age of most women
with AF may make anticoagulation with warfarin more difficult. With sudden cardiac
death, most women have no prior evidence of coronary disease, making risk stratifica-
tion and primary prevention difficult. However, recognition of these gender differences
is the first step in designing strategies to manage these arrhythmias more effectively in
women.
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INTRODUCTION

This chapter presents the role of physical activity in the risk reduction of cardiovas-
cular disease (CVD). The unique aspects of exercise training and exercise modalities
as they pertain to women are discussed. Exercise interventions regarding prescription
and progression are recommended and reviewed. Education, counseling, and behav-
ioral issues about cardiac rehabilitation in women are also included. Sections regard-
ing special populations, such as women with different cardiac diagnoses, focuses on
myocardial infarction (MI), coronary artery bypass graft (CABG), and heart trans-
plants, as well as issues that involve elderly women. Finally, strategies to improve
exercise compliance and cardiac rehabilitation recommendations for women follow.
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CORONARY HEART DISEASE IN WOMEN

Lifestyle modification, education, treatments, and medications have begun to control
risk factors involved in coronary heart disease (CHD) and have helped to reduce the
mortality rates resulting from CVD. Some of these risk factors cannot be changed, such
as gender, age, and genetics. But there are many interventions for modifiable risk factor
reduction that can be prescribed to decrease CHD risk. Physical inactivity is a very
modifiable risk factor that needs to be addressed, especially because of its increasing
prevalence today and the availability of the exercise training sciences.

PHYSICAL ACTIVITY

Physical activity is “bodily movement produced by skeletal muscles that requires
energy expenditure and produces overall health benefits” (1). “Exercise, a type of physi-
cal activity, is defined as a planned, structured, and repetitive bodily movement done to
improve or maintain one or more components of physical fitness” (1). Although the
meanings of these terms differ, physical activity and exercise are often used interchange-
ably in the literature and research regarding physical fitness, as well as are in this chapter.

Today, it is undisputed that physical activity has beneficial effects in the prevention
of CVDs (2,3,4) and is now recognized by the American Heart Association (AHA) as
an independent risk factor for CHD (5). In a quantitative meta-analysis (6), it was esti-
mated that there was a doubling of CHD risk among inactive persons when compared
with their active peers. Studies evaluating occupational physical activity showed that
inactivity was associated with a 90% increase risk of CHD death (6). Physical inactiv-
ity plays a major contributing role in many chronic diseases, such as obesity, diabetes
mellitus, stroke, as well as CHD. Convincing epidemiological studies have shown that
an inverse relationship exists between physical activity and CHD incidence (7). Also
shown is a dose-response relationship between the amount of physical activity per-
formed and all-cause mortality and cardiovascular mortality (8–10). Those who remain
sedentary have the highest risk of all-cause and cardiovascular mortality. Therefore, the
greatest potential for overall reduced mortality is in those who are sedentary and
become moderately active (8). In other words, those who are most unfit (or at least fit)
can reap the greatest gains.

An abundance of scientific evidence provides consistent evidence that light-to-mod-
erate adult physical activity reduces the risk for all-cause mortality and CVD in both
men and women (11). Research also indicates that physical activity and fitness reduces
morbidity and mortality for at least six chronic conditions: CHD, hypertension, obe-
sity, diabetes, osteoporosis, and mental health disorders (12). Physical activity can also
have many other cardioprotective benefits and seems to be an independent protective
factor for CHD mortality and premature total mortality (7). Regular physical activity
increases exercise capacity and plays a major role in the primary and secondary pre-
vention of CVDs (8). It can positively modify several coronary risk factors, such as
improving lipid and carbohydrate metabolism, lowering elevated blood pressure,
reducing body fat, and reducing elevated blood glucose levels (4). Several studies have
shown that regular, constant, and long-term exercise training reduces low-density
lipoprotein (LDL), increases high-density lipoprotein (HDL) fractions, and facilitates
the storage of glucose in liver cells, even in the absence of insulin (2). The benefits of
regular exercise can be seen in the body’s increased ability to use oxygen to derive
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energy. Exercise training increases maximum ventilatory oxygen uptake by increasing
both cardiac output and the ability of the muscles to extract oxygen from the blood (8).
Short-term and long-term exercise training has also proven to be beneficial in improv-
ing various indexes of psychological functioning. Cross-sectional studies revealed that
active persons, when compared with sedentary individuals, are more likely able to per-
form cognitive functioning activities, have reduced cardiovascular responses to stress,
and report fewer depression symptoms (8,13).

PHYSICAL ACTIVITY IN WOMEN

In past studies, physical activity was proven to be beneficial in CHD reduction; this
main benefit was initially demonstrated primarily in men. Exercise has proven benefi-
cial for many conditions, ranging from osteoporosis, depression, and particularly CHD
(14). Later studies show that these benefits are also conferred on women. More
research studies have shown that physical activity also plays a major role in CHD pre-
vention and reduction in women. Most epidemiological studies in women have shown
that a comparable 50% risk reduction is also present among active women in compari-
son to sedentary women (15). As more women die of CHD today, the AHA recom-
mends a shift in the health paradigm to emphasize healthy lifestyles in women to help
prevent the development of risk factors for CHD (15,16). Among the many lifestyle
modifications that were recommended, physical activity was emphasized as a major
factor in reducing CHD risk (16).

Large national surveys have shown that women, especially minority women, are less
likely to be physically active than men. In a recent minority study, women were among
the least active subgroup in US society compared with their white counterparts (17). A
large body of research has established that regular physical activity in postmenopausal
women reduces the risk of premature death and disability in CHD (17). Physical inac-
tivity is a highly prevalent and independent risk factor in women. Moderate amounts of
leisure time activity can reduce the risk of MI by half in women (7). Despite these ben-
efits, fewer women (particularly elderly and minority women) are referred for exercise
rehabilitation after a coronary event when compared to men (18). Exercise and physi-
cal training is not emphasized in women nearly as much as it is in men, which is espe-
cially true for referral to cardiac rehabilitation programs. Sedentary lifestyle rates
increase with age, and these rates for women exceed those of men (19). See Chapter 7
for a more detailed discussion of this topic.

SIGNIFICANCE OF PROBLEM

Physical inactivity in the United States is now widespread. The evidence of seden-
tary lifestyle is increasing at an alarming rate in the United States. It has been estimated
that 250,000 deaths per year in the United States are attributable to lack of regular
physical activity (20). Approximately 60% of US adults are not regularly active, and
25% are completely inactive (11). National surveillance programs have documented
that one in four adults (more women than men) currently has a sedentary lifestyle with
no leisure time activity (1). CHD is the leading cause of mortality in the United States
and the predominant risk factor that is associated with a sedentary lifestyle (12).

Despite this evidence, the majority of Americans in the United States remain effec-
tively sedentary. According to the National Institutes of Health (NIH) Consensus State-
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ment in 1991, 54% of adults reported little or no regular leisure physical activity (1). In
1996, the Surgeon General’s Report estimated that approximately one in four adult
Americans is completely sedentary (22). AHA’s 2001 Heart and Stroke Statistical
Update shows that in 1996, approx 28% of Americans age 18 and older had no leisure-
time physical activity in the previous 30 days (21). The relative risk (RR) of CHD asso-
ciated with physical activity and exercise ranges from 1.5 to 2.4, a risk increase
comparable to that for high blood cholesterol, high blood pressure, or cigarette smok-
ing (21). These associations are statistically significant and represent the magnitude
and severity of the problem.

The AHA also shows that physical inactivity is more prevalent in women than in
men, among African Americans and Hispanics than whites, among older than younger
adults, and among the less affluent than the more affluent (21). In 1996, the Surgeon
General produced the strongest policy statement the US government had made to date
with a publication regarding physical activity and health. It is abundantly clear that
Americans can substantially benefit and improve their health and quality of life by
including physical activity in their daily lives (22), being the first time that numerous
governmental health agencies arrived at a consistent statement.

UNDERSTANDING PHYSICAL ACTIVITY IN WOMEN

The benefits of physical activity have become more recognized by health profes-
sionals, leading to an increased need for interventions that can help to promote this
healthy behavior. The overwhelming statistics of Americans leading sedentary
lifestyles warrants practitioners to continue their efforts in counseling patients about
the efficacy of physical activity in relation to reducing CHD risk and mortality in
women. The statistics also warrant the need for further research on the physical activity
recommendations, especially in women. Much of the available research on physical
activity has traditionally been performed on middle-aged men. During the past 10–15
years, further research has yielded a sufficient amount of new information about CHD
in women and the role of physical activity.

Clinical trials and motivational theories show that there is strong support for the effi-
cacy of physical activity and its relationship to CHD in women. Physical activity is
important in the treating patients with known CHD, those with developing risk factors,
and also in its secondary prevention. Intervention strategies have been reviewed and
successfully implemented among health care providers for women in many random-
ized clinical trials, such as those performed by Dunn and associates (23,24). and
Pereira and associates (25). These studies showed a statistically significant increase in
physical activity in the women engaged in a successful intervention of lifestyle vs
structured and walking intervention, respectively. Cross-sectional and longitudinal
studies, such as those conducted by Manson et al. (26), Kokkinos et al. (4), and Folsom
et al. (27) have shown that physical activity reduces CHD risk and mortality equally in
women as well as men. Many of these studies show that physical activity is also benefi-
cial to an individual’s overall well-being and cardiovascular health.

A REVIEW OF LITERATURE ON PHYSICAL ACTIVITY

A review of the literature reveals that many research studies have been conducted on
the efficacy of physical activity to CHD in women. Results lend support that physical
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activity reduces CHD risk and cardiovascular mortality. There is considerable evidence
in cross-sectional studies that yield information about physical activity in women.
These results vary from the physical activity patterns in women to the beneficial evi-
dence showing increased physical activity in women. One study published by Bern-
stein, Morabia, and Sloutskis (28) sought to identify the prevalence of “sedentarism”
and the activities performed by active people that could serve as effective preventive
goals. The study stated that leading a sedentary lifestyle is an independent risk factor in
CHD. The sedentarism rate in a population-based sample of 919 men and women, age
35–74 years, was 79.5% in men and 87.2% in women (28). The study concluded that
given the large number of sedentary individuals, it is essential that physical activity
levels be increased in all age groups.

Physical inactivity has also been analyzed among different subpopulations of
women. In another cross-sectional study, the objectives were to describe the patterns of
physical activity among minority women. The results yielded that African Americans
and Native Americans/Alaskan Natives reported the lowest “no leisure-time activity”
when compared to white women (17). The probability of being active during leisure
time also tended to increase with increased educational level. Women who lived in
rural areas were 33% more likely to be completely inactive during their leisure time
than women living in urban areas (17). Increased occupational activity was highest
among women who were college graduates (17). Although the study did not differenti-
ate between educational level and area of residence, until such studies are done, it is
unclear whether rural residence or low educational achievement has the strongest influ-
ence on low physical activity in rural populations of women. These results are particu-
larly helpful in identifying high-risk populations and designing intervention strategies
for behavior modification.

The literature review of physical activity and women has also yielded information
about the many beneficial properties of increased physical activity. Increased physical
fitness has been associated with a decrease in CHD risk factors for women. Triglyc-
eride, LDL cholesterol levels, ratio of total cholesterol to HDL cholesterol, glucose
levels, and resting systolic and diastolic blood pressures all have an inverse relationship
with exercise time (4). All of these CHD risk factors were significantly lowered as
exercise time increased in a 522 women (4). The study showed that an increased tread-
mill time correlated with an increase in HDL cholesterol levels (4). Treadmill time was
also associated with a decrease in LDL cholesterol and triglyceride levels (4). This sub-
stantiates that increased exercise will raise HDL and lower LDL cholesterol levels,
both predictors of decreased coronary risk. The results concluded that increased exer-
cise time has an independent and strong association with CHD risk in women.

An important aspect of physical activity is that simply avoiding a sedentary lifestyle
is not enough to reap all the physical activity benefits. The intensity, duration, and fre-
quency of physical activity in women must also be taken into consideration. A study
conducted as part of the German Cardiovascular Prevention Study, using a sample of
6039 women, revealed that energy spent on low-intensity activities at a constant energy
level was significantly associated with beneficial health conditions, such as a decrease
in triglycerides, diastolic blood pressure, and body mass index (BMI) (29). Energy
spent on moderately intense activities was significantly associated with an increase in
HDL cholesterol, decrease in HDL/total cholesterol ratio, triglycerides, and BMI in
women (29). The strongest relationship with coronary risk factors was seen in the high-
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intensity activities, which correlates with many studies to date that have documented a
dose-response relationship to CHD risk factors and physical activity. Duration of exer-
cise training had a significant positive association with systolic blood pressure and
peak expiratory flow in women (29). Exercise frequency was also significantly posi-
tively associated with HDL cholesterol, HDL/total cholesterol ratio, triglycerides, heart
rate, and BMI in women (29). Overall, exercise frequency had the strongest association
with reducing coronary risk factors when compared with intensity and duration. The
importance of this study is seen in its correlation between the frequency dimensions
and physical activity outcomes. It also substantiates the 1995 federal guideline recom-
mendations that every adult should accumulate 30 minutes or more of moderate physi-
cal activity on most, preferably all, days of the week (15,30).

EXERCISE TESTING/MEASURES OF PHYSICAL FITNESS IN WOMEN

Exercise testing is a useful diagnostic tool in providing information about a
woman’s cardiovascular health status in a dynamic state, and when used with a thor-
ough history and physical examination, increases the likelihood of diagnosing CAD in
women. There are, however, special considerations when using exercise testing to eval-
uate women patients. See Chapter 7 for a more detailed discussion of exercise testing
as a diagnostic tool and Chapters 12 and 13 for a discussion of the modalities of exer-
cise testing and special considerations for women.

PHYSICAL ACTIVITY PROGRAMS/INTERVENTIONS
RECOMMENDED FOR WOMEN TODAY

The Surgeon General’s Report on Physical Activity and Health calls for all Ameri-
cans to engage in a physically active lifestyle (22). According to the Surgeon General’s
Report, “significant health benefits can be obtained by including a moderate amount of
physical activity (i.e., 30 minutes brisk walking or raking leaves, 15 minutes running)
on most, if not all, days of the week; through a modest increase in daily activity, most
Americans can improve their health and quality of life” (22). Furthermore, evidence
shows that physical activity increases in previously sedentary or unfit individuals
resulted in subsequent gains through mortality reduction and increase in longevity (9).
Current physical activity recommendations from a consensus statement of national
health agencies and organizations (i.e., AHA, American College of Cardiology [ACC],
CDC, American College of Sports Medicine [ACSM], and Agency for Health Care
Policy and Research [AHCPR]) indicate that lower levels of physical activity also pro-
vide health benefits (31). This requires a change in the myth, “no pain–no gain.” It is
also noted that numerous health benefits are associated with regular participation in
intermittent moderately intense physical activity (i.e., short bouts instead of long bouts
of exercise; VO2max 50%; 31).

Physical Activity Benefits Older Women
Strength training is defined as training with resistance against which a muscle gen-

erates force. This resistance is progressively increased over time, thus resulting in an
increase in muscle size (32). Regularly performed strength training exercise results in
positive changes in older women, such as improved insulin action, bone density,
energy metabolism, and functional status. Strength training results in increased levels
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of spontaneous activity in the elderly, both the healthy free-living and very frail elderly
women (33).

Postural stability and the role of exercise remain unclear (32). Postural instability is
usually measured by frequency of falling, and it is assumed that the desire to improve pos-
tural stability through exercise will lead to reduction in falls among older women. How-
ever, there is no general agreement by investigators on an optimal measure of postural
stability. (32). Also, ACSM noted that the multifaceted nature of most intervention pro-
grams being effective in preventing falls makes it difficult to identify specific mechanisms
by which postural stability is improved (32). Even so, sufficient evidence supports the rec-
ommendation of a broad-based exercise program that encompasses balance training,
resistive exercise, walking, and weight transfer, which should all be included as part of a
multifaceted intervention to decrease the risk of falling (32). According to ACSM, the
program’s optimal frequency and intensity remains to be clearly identified (32).

Osteoporosis is more common in women than among men for three main reasons:
(1) women have lower peak bone mass than men; (2) women lose bone mass at an
accelerated rate postmenopause when estrogen levels decline; (3) and women have a
longer life span than men (22). Scientific evidence exists that physical activity reduces
osteoporosis (22,34). Data from studies (22,35–39) support bone loss retardation in
postmenopausal women through physical activity. It is also suggested that the rate of
bone loss in premenopausal women with normal hormone levels is reduced (22,39–43).
Still, there is a need to further understand the different effects of endurance and resis-
tance exercises on bone mineral density and the role and impact of physical activity
with the use of estrogen replacement therapy (34).

ACSM recommends that exercise (e.g., walking, aerobic dance, and stretching) should
be included in a general exercise program for older women to improve flexibility (32).
The exact dose-response relationship remains to be determined, along with an under-
standing of the benefits of daily living activities that accrue from increased flexibility.

SPECIAL CLINICAL POPULATIONS

Women With Cardiac Conditions
The current Clinical Practice Guideline on Cardiac Rehabilitation (44) recommends

that participation in cardiac rehabilitation (CR) exercise training for women with car-
diac conditions (i.e. MI, CHD, coronary artery bypass surgery [CABG], percutaneous
transluminal coronary angiogram [PTCA]) is safe. Based on the guideline, total mor-
bidity rates and mortality from cardiovascular complications following participation in
CR exercise training are very low. The scientific evidence on the safety of CR exercise
related to morbidity risk was drawn from the results of 15 randomized controlled trials
(RCTs), 14 non-RCTs, and 13 observational reports (44). Similarly, the results of 17
RCTs, 8 non-RCTs, 6 observational investigations, and 2 survey questionnaires pro-
vided scientific evidence of the association of CR exercise training with mortality (44).

Risk stratification is essential, although not the only factor to consider when ensur-
ing patient safety during exercise (31). It pertains to symptoms and risk factor screen-
ing and evaluation suggestive of CHD, so that decisions about the level of medical
clearance, the need for exercise testing before starting an exercise program, and the
supervision level for both the exercise testing and program should be made judiciously
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(31). Risk stratification also ensures that patients, both men and women, follow the exer-
cise regimen suitable to their needs with the level of electrocardiogram (ECG) monitor-
ing, clinical supervision, and length of exercise program specific to each individual.

Clinical indications and contraindications for in-patient and out-patient cardiac
rehabilitation are presented in Table 1 (31). However, sound clinical judgment is neces-
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Table 1
Clinical Indications and Contraindications for In-Patient and Out-Patient CR

Indications
• Medically stable postmyocardial infarction
• Stable angina
• Coronary artery bypass graft surgery
• Percutaneous transluminal coronary angioplasty
• Compensated congestive heart failure
• Cardiomyopathy
• Heart or other organ transplantation
• Other cardiac surgery, including valvular and pacemaker insertion (e.g., implantable

cardioverter defibrillator)
• Peripheral vascular disease
• High-risk cardiovascular disease ineligible for surgical intervention
• Sudden cardiac death syndrome
• End-stage renal disease
• At risk for coronary artery disease, with diagnoses of diabetes mellitus, hyperlipidemia,

hypertension, etc.
• Other patients who may benefit from structured exercise and/or patient education (based on

physician referral and consensus of the rehabilitation team)

Contraindications
• Unstable angina
• Resting systolic blood pressure of >200 mmHg or resting diastolic blood pressure of >110

mmHg should be evaluated on a case-by-case basis
• Orthostatic blood pressure drop of >20 mmHg with symptoms
• Critical aortic stenosis (peak systolic pressure gradient of > 50 mmHg with an aortic valve

orifice area of <0.75 cm2 in an average size adult)
• Acute systemic illness or fever
• Uncontrolled atrial or ventricular arrhythmias
• Uncontrolled sinus tachycardia (>120 beats/min)
• Uncompensated CHF
• 3°AV block (without pacemaker)
• Active pericarditis or myocarditis
• Recent embolism
• Thrombophlebitis
• Resting ST-segment displacement (>2 mm)
• Uncontrolled diabetes (resting blood glucose of >400 mg/dL)
• Severe orthopedic conditions that would prohibit exercise
• Other metabolic conditions, such as acute thyroiditis, hypokalemia or hyperkalemia,

hypovolemia, etc.

Source: ref. 31.



sary to consider exceptions to the conditions listed. The recommended exercise activity
for cardiac patients (for both genders) by ACSM are detailed in Table 2 (31).

Elderly Women With Cardiac Conditions
Elderly women patients with cardiac conditions have a low rate of entry into exer-

cise training programs and high dropout rates. They are less likely than men to be
referred to CR. Although elderly women have similar clinical profiles, their acute and
chronic exercise adaptations can be achieved similarly to elderly men with cardiac
disease. Of eligible women, 15% in comparison to 20–25% entry rate for men, were
referred into CR after hospital discharge (33). Referral differences may reflect the
attitude of referring physicians, patients’ families, and participants themselves.

Initial evaluation provides information for establishing goals in exercise training pro-
grams. There should be a careful and complete patient evaluation before a training regi-
men is advised, including all the medical indications, as well as the woman’s preferences
and convenience in carrying out the exercise regimen. Exercise testing and prescription
methods must be flexible and modifiable for many elderly women patients with cardiac
conditions, especially if they have one or more chronic diseases that can affect both
responses to exercise testing and exercise prescription. Modifying testing procedures
allows for more appropriate functional capacity measurement and cardiovascular exertion
response. Modifying exercise prescriptions permits elderly women patients with cardiac
conditions that vary in the range of functional limitations to begin an exercise program at
a level suitable and beneficial to them (33). The previous recommendations are the goals
to strive for based on the individual woman’s deconditioning level; a level far below this is
often used initially, and once tolerance and acceptance of that level has been demon-
strated, the prescription is gradually increased to a higher level.
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Table 2
Recommended Exercise Activity for Cardiac Patients (Both Genders)

Intensity
RPE < 13 (6–20 scale)
Post-MI: HR < 120 beats/min or HRrest + 20 beats/min (arbitrary upper limit)
Postsurgery: HRrest + 30 beats/min (arbitrary upper limit)
To tolerance if asymptomatic

Duration
Intermittent bouts lasting 3–5 minutes
Rest periods

At patient’s discretion
Lasting 1–2 minutes
Shorter than exercise bout duration

Total duration of up to 20 minutes
Frequency

Early mobilization: three to four times per day (days 1–3)
Later mobilization: two times per day (beginning on day 4)

Progression
Initially increase duration to 10–15 minutes of exercise, then increase intensity

Source: ref. 31. RPE, rating of perceived exertion; HR, heart rate.



General recommendations for early short-term exercise in elderly women patients with
cardiac conditions are as follows: (a) intensity—50–80% peak oxygen uptake at most
recent exercise test that corresponds to 60–85% peak HR at same test; (b) frequency—par-
ticipation in a formal training program 3 days per week, home exercise (walking or cycle
ergometry) 3–5 days a week; (c) duration—shorter bouts with similar prescribed duration
per session. Each session includes 10 minutes of warm-up and stretching exercises, 20–40
minutes of aerobic exercise that are broken up into shorter periods, allowing 1–2-minute
intervals for rest when appropriate, and 10 minutes of cool-down and flexibility exercises;
(d) mode—including both arm and leg exercises using treadmill walking, leg exercises,
and arm exercises to strengthen or improve endurance in upper body and lower limbs (33).

Women With Heart Failure
Exercise training can be safe and beneficial to women with heart failure. CR exer-

cise training in patients with heart failure provides improvement in functional capacity
and quality of life (44). Peripheral muscle adaptation is suggested to explain the
improvement in exercise tolerance in this group of patients.

The screening and evaluation for exercise training of patients with heart failure are
systematic processes that include previous data obtained about the disease process and
the symptoms present, knowledge of the patient’s current history and physical exami-
nation, review of pharmacological agents and comorbid status, laboratory data, and
most importantly, exercise testing (45). Patients with heart failure who are chosen for
participation in an exercise program should be medically stable and without absolute
contraindications, such as obstruction to left-ventricular outflow, decompensated con-
gestive heart failure (CHF), or life-threatening dysrrhythmias (31). Additionally,
ACSM recommends that HF patients should have an exercise capacity of greater than 3
metabolic equivalents (METs) to be considered for exercise training (31). Certainly,
ECG and blood pressure monitoring are helpful, and supervision is indicated to moni-
tor for signs and symptoms suggestive of worsening clinical condition (i.e., increased
shortness of breath on exertion, fatigue, arrhythmias, and sudden weight gain). Contin-
uous ECG monitoring from 6 to 12 sessions are generally enough except when the
patient’s clinical status is unstable (46).

ACSM recommends the following exercise prescription for patients with heart fail-
ure (31). Initially, exercise sessions should be brief (i.e., 10–20 minutes) with intervals
of 2–6 minutes separated by 1–2-minute rest periods. Progression is prolonged as the
patient’s exercise tolerance improves. A recent investigation by Meyer and group (31)
demonstrated that interval exercise training—applying short bouts of intense muscular
loading—in subjects with chronic heart failure yielded good clinical results and
improved rehabilitation outcomes. The exercise intensity (utilizing a THR range) cor-
responds to 40–75% maximal oxygen uptake that is based on symptom-limited exer-
cise protocol (treadmill or cycle ergometer) 3–7 days per week. Activities like walking,
stationary cycling, and upper extremity exercises are recommended that can be coupled
with resistance training. A minimum of 10–15 minutes for both warm-up and cool-
down periods is warranted. Isometric exercises are to be avoided. Rating of perceived
exertion (RPE) of 11–14 on the scale of 6–20 are helpful guides.

Exercise testing prior to entering exercise training is strongly recommended for
elderly women with heart failure. For a more complete discussion of the topic of
elderly women with heart failure and heart failure in general, see Chapter 5.
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Women Patients Who Have Received Heart Transplants
The rehabilitation team must rely on clinical judgment and the perceived exertion

level to guide therapy. Ideally, transplant candidates should initiate exercise, both aero-
bic and resistive training, as soon as they undergo evaluation (if possible) to prevent
deconditioning and to remain at optimum function before surgery.

After the transplant, exercise usually consists mainly of passive and active range of
motion, accompanied by incentive spirometry to facilitate optimum pulmonary ventila-
tion. Sitting in a chair follows soon where leg raising and hip girdle exercises become
useful as preparation to transfer weight from sitting to standing. Once able to stand,
ambulation initially follows in the patient’s private room that progresses to the ward.
Patients who continue to have arrhythmias should be on a telemetry monitor. Intensity
continues to be assessed by RPE using the Borg scale. Prior to discharge, if no rejec-
tion occurs, the patient may be able to exercise on a stationary bicycle ergometer
and/or treadmill. It is preferable to perform a predischarge cardiopulmonary exercise
test to better define an exercise prescription for an out-patient program (47).

Exercise prescription includes all the essentials of intensity, duration, frequency, and
progression. The RPE at anaerobic threshold is a useful indicator of intensity, because
the HR usually used to guide exercise response, is not a useful guide for the patient
after a heart transplantation (47). Warm-up and cool-down are essential with a 20-
minute minimum at prescribed intensity. Longer warm-up and cool-down periods are
indicated because of longer recovery from and physiological responses to exercise (31).
Exercises should be performed in a monitored setting three times a week for 6–8 weeks.
A walking program is recommended for alternate days. An extension of this timetable
is often necessary to take into account early episodes of rejection or infection, which
may preclude exercise for several days at a time (47). According to Piña (47), results of
the exercise regimen will significantly depend on the individual’s motivation.

CARDIAC REHABILITATION NEEDS FOR WOMEN

There is a scarcity of research focused on women in CR. Research that supports
CR’s beneficial effects is based almost entirely on men under the age of 70 (48). A sur-
vey constructed from a literature review and advice from key informants examined fac-
tors that affect a women’s decision to engage in CR. The study included 129 attendees
and 61 referred nonattendees who were asked to complete the questionnaire. The find-
ings showed that physician recommendation was considered most important, followed
by encouragement by family members, in the women’s choice for CR involvement. For
women who attended CR programs (CRPs), encouragement from their adult children
was significantly more influential in their decision to attend CR than it was for men
(49). The meta-analysis documenting CR benefits on mortality included 4554 subjects
in 22 trials (50). However, women comprised approx 3% of the randomized subjects.
There are few data on the beneficial effects of rehabilitation efforts in women (51).
Because most data about CR have been obtained from men and applied to women, cur-
rent CRPs might not meet women’s unique needs. However, research is now forthcom-
ing, which demonstrates that CR is beneficial for women (44,52–54). Numerous
studies report that although women may have lower baseline exercise function, when
they participate in exercise CR, they experience benefits similar to men in their ability
to improve their exercise performance (52,53).
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Attention to health behaviors was also a significantly more powerful motivator for
women than for men. For people who did not choose to attend CRP, their reasons
included concomitant illness, transportation problems, and inconvenient timing of pro-
gram offerings—the three most often identified barriers to participation for both men
and women. Yet, for women, concomitant illness was a much greater contributor to
nonattendance than it was for men. Their decision to participate involved several fac-
tors, some of which are different and much more important for women in comparison
to men. Physician recommendations continued to be the single most important factor in
motivating both men and women to attend a CRP. The authors concluded that increased
physician endorsement would likely encourage higher CRP participation rates. Fur-
thermore, they suggest that women should be encouraged to discuss CRP advantages
and benefits with their adult children, as they appear to be very influential in the female
patients’ decision to enroll. As women nonattendees are more concerned than men
about the effects of concomitant illness, reassurance should be provided about the reha-
bilitation staff’s ability to customize exercise and incorporate the needs and limitations
of persons with other health conditions (48).

Education, Counseling, and Behavioral Interventions in CR
In any discussion of CR education, counseling, and behavioral interventions, it is

important to define the terms. According to the CR clinical practice guidelines, educa-
tion is defined as a systematic instruction; counseling is defined as providing advice,
support, and consultation; and behavioral intervention is defined as the systematic
instruction in techniques to modify health-related behaviors (44). In an effort to further
and continue CR improvements, education must always be considered and included.
However, education alone is insufficient to affect behaviors that result in risk-factor
reduction. Therefore, a combined approach of education, counseling, and behavioral
interventions in CR should encompass efforts to address the following issues: smoking
cessation, lowering lipid levels, decreasing excess body weight, reducing blood pres-
sure, and promoting physical activity and stress reduction for those at risk. Several
reports in the CR literature have focused on education, counseling, and behavioral
interventions to reduce some of the CHD risks.

A decline in cigarette smoking can provide many cardiovascular benefits. A multi-
factorial rehabilitation study, which included exercise training and education, yielded
results that showed a significantly lower percent of participants (post-CABG) were
smoking in the intervention group 12% vs 15% when compared to the control group at
the end of the 12-month follow-up (44). In another RCT that involved participants
post-MI, intervention strategies included informational mailing supplements, concur-
rent pharmacological intervention, and nurse-managed home-based care. Results
showed that smoking cessation rates were 70% in the intervention patients when com-
pared to 53% in the control group (44). These studies show that education, counseling,
and behavioral interventions are beneficial in smoking cessation programs.

Intensive educational counseling can also be used to improve dietary fat and choles-
terol intake. Education about nutrition, with or without pharmacological lipid-lowering
therapy, can prove to be very beneficial and is a recommended CR component. Several
studies with low-level exercise training intervention and dietary counseling have shown
significant levels of decreased total cholesterol, LDL cholesterol, and triglyceride lev-
els in the intervention group when compared with the control group (44). Intensive
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nutritional counseling has also been performed in noncardiac rehabilitation settings.
These results lend further support for the dietary intervention’s efficacy to lower lipid
levels. Achievement of lipid-lowering may also require pharmacological therapy in
certain patients.

Education alone, in many studies, has not proven favorable in the achievement and
maintenance of weight loss and/or hypertension management (44). Therefore, a multi-
factorial cardiovascular risk-reduction intervention must be used and should be
included in any comprehensive CRP. Although education is an essential component,
other efforts must also be introduced in order to address the issues of body weight
reduction and hypertension. Education, combined with other intervention strategies,
may prove very helpful. Nutritional counseling and behavioral interventions of exer-
cise can achieve modest and sustained weight loss. Lifestyle modifications, including
weight reduction, physical activity, dietary sodium moderation, and pharmacological
therapy, can be effective in the management of hypertension. These strategies should
be considered in a multifactorial CRP, which emphasizes education, counseling, and
behavioral interventions.

Scientific evidence also shows that education, counseling, and psychosocial inter-
ventions, either alone or as part of a multifaceted CRP, improve an individual’s psycho-
logical well-being and thus, these interventions are recommended to complement the
psychosocial benefits of rehabilitative exercise training (44,55). These interventions
also improve a patient’s quality of life (56).

Research shows that recovery from an acute cardiac event (e.g., MI, HF or a surgical
procedure (e.g. CABG, cardiac transplantation) is accompanied by depression, anxiety,
and change in self-esteem and self-image (56,57). Dracup (57) posits that emotional
distress, particularly depression, presents itself more after hospitalization than during
the hospital stay. More importantly, in population-based studies, women have been
reported to have higher depression rates than men (56). In the study of patients follow-
ing MI (58), women had higher rates of moderate-to-severe depression during hospital-
ization and after the first year of illness than men. One of the roles of CRP education,
counseling, and behavioral interventions is to facilitate and enhance the patient’s social
support system.

The Clinical Practice Guideline on CR by the US Department of Health and
Human Services (44) and the Best Practice Guidelines for CR and Secondary Preven-
tion by the Heart Research Center (55) modeled after the US federal guidelines used
the meta-analytic approach to review studies that involved different interventions to
describe the effects of education, counseling, and behavioral strategies on the psy-
chosocial well-being of cardiac patients. Both concluded that clinical and observa-
tional studies support the effectiveness of these CR elements in improving
psychosocial outcomes. Research studies found that interventions, such as stress
management, behavior modification training, and relaxation therapy, are effective in
reducing levels of self-reported emotional stress (44,55). However, limitations in the
studies that were reviewed, were noted (44,55). First, varying interventions demon-
strated improvements in psychological well-being, making it difficult to pinpoint
which particular interventions were more effective than others. Second, effective
interventions were delivered by health care personnels with varied expertise. How-
ever, it was noted, that the better designed studies that utilized more expert providers
demonstrated greater benefit (44). Interventions also differed in their duration, fre-
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quency, and intensity. There was also a lack of uniformity in the outcome measures
and measurement tools used across studies, thus making their results difficult to com-
pare. Consequently, further investigation is needed as to the intervention types that
would most benefit specific patient subsets, particularly women (55).

Referral To and Compliance With CRP
Literature pertaining to CR has frequently included the discussion of compliance

and/or adherence. These terms, which are very similar in meaning, are often used inter-
changeably in the literature. For the purposes of this chapter, compliance is used to
refer to the behavior response to treatment.

Statistics for physical inactivity prevalence in women and the beneficial effects of
physical activity have been well-documented in research studies thus far. What might
be important to discuss next is the exercise pattern in women following completion of a
CRP; this leads to women’s adherence to exercise programs. Long-term exercise main-
tenance studies after acute cardiac events have been conducted almost exclusively in
men, and these results cannot be generalized to women (59). Results from a prospec-
tive cohort study showed that 30% of women exercise only five times or fewer during
the 3 months after CRP completion (59). Only 27.5% of women exercised three or
more times per week post-CRP (59). Although 83% of the women were enrolled in the
study and continued to exercise during the first month post-CR, one-third had stopped
completely after the first month (59). Finally, during the last week of the study (12
weeks after CR completion), only half of women continued to exercise (59).

Understanding women’s patterns and compliance to exercise is a key step toward
increasing their recommended activity levels. Women have just as much to gain as men
by participating in exercise programs. Despite this fact, women are 10–25% less likely
to begin a CRP than men, and they have higher dropout rates (59). Women’s compli-
ance to exercise programs and CR participation is very low. Study findings have clearly
demonstrated that most women do less exercise than current recommendations (59).
Research has also shown that sedentary lifestyles increase with age, and the rates for
elderly women exceed those of elderly men (19).

The subject of compliance is central to CRPs. Despite documented CR benefits (44),
a basic problem that persists in CRP is the lack of patient participation and compliance
with the prescribed regimen. Compliance is a behavioral response to illness, “involving
perception, decision making, and resultant action” (60). Compliance includes the
patient’s adherence to a prescribed CRP along with the continued independent follow-
up for months and years after the program is completed. Because the benefits of regular
physical activity and exercise (and other lifestyle changes) are realized only when
patients comply over long periods of time, possibly even for the rest of their lives, it is
not surprising that some suggest that noncompliance needs to be treated like a chronic
health problem.

Several theories have been proposed for the study of CRP compliance, including
the relationship between wellness motivation, social support, health locus of control,
health value orientation, and self-efficacy (61,62). No significant correlation was
found between wellness motivation and spousal support. However, Fleury (62) did
find that patients who valued their families had the highest correlations with wellness
motivation. Internal locus of control reportedly has the highest correlation with well-
ness motivation. The belief in provider control also has a positive correlation. Addi-
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tionally, a future-oriented health value was found to be positively correlated with
wellness motivation, as were activities that resulted in external recognition and indi-
vidual development in this sample of mostly men (62). In addition to this, the self-
efficacy theory has been applied to compliance research (50,52,60,63). Self-efficacy
is the belief that one can successfully perform a certain activity. A recent study
reported that self-efficacy and exercise behavior measures were highly correlated
(50). Self-efficacy scores were also highly correlated with long-term compliance after
the formal CRP was completed. Yet, only 14% of subjects in the study were women.
The research suggests that because women begin at a lower baseline, CRPs may have
greater effects for women than men (53).

Do we know why women drop out at high rates? Despite the growing evidence of
beneficial effects for women who participate in CRPs, women are often perceived as
being less motivated to attend CR and unwilling to participate in vigorous exercises (49).
But it is unclear if the underrepresentation of women is related to motivation or logistical
constraints (e.g., transportation). It appears that although 40% of coronary events occur
in women, men make up a disproportional number of rehabilitation patients. Obviously,
women are not enrolling in CRPs in proportion to the expected ratio based on coronary
events (52). Considering men who have had CABG, nearly all men participated in for-
mal CRPs, whereas few women participated (64). Evidence in support of this notion is
also available from the work in geriatric groups. Physicians reportedly recommend
CRPs more emphatically for elderly men than for elderly women (54). Interestingly,
physician referral is one of the strongest predictors of CRP participation (54).

Large national surveys show that women are less likely to be physically active than
men (17). According to one cross-sectional study, some of the reasons why people
failed to exercise were convenience, motivation, and also a prevalent misconception
that only vigorous continuous exercise would provide health benefits (28). Recent stud-
ies also show that women are less likely than men to receive counseling after an acute
MI (65). Studies reveal that compliance with medications, long-term preventive regi-
mens, and doctors appointments are approx 50%, with the lowest compliance rates
being for lifestyle regimens, such as exercise programs, weight control, and smoking
cessation. Generally, compliance with cardiac exercise programs is low, with about half
of patients dropping out before completion of the program. The literature review fur-
ther supports this, with reported exercise compliance rates varying between 44 and
65% at best. Reasons cited by patients who drop out of their CRP include medical,
logistical, personal, financial, and work conflicts. Numerous factors contribute to non-
compliance in CR, but are not limited to lack of self-motivation, lack of spousal sup-
port, angina, blue collar occupations, and external locus of control (61,66). Depression,
anxiety, and low self-esteem are other factors that affect CRP participation and adher-
ence. The literature suggests that the more risk factors a given individual has to modify,
the greater the chance of noncompliance. One factor cited frequently in the literature as
being an important predictor of noncompliance is lack of spousal support (67). In addi-
tion, older women are less likely to participate in a CRP than are older men (65). A
study done on gender differences in CR revealed that women were less aerobically fit
than men at baseline measurements (65). Several compliance studies to CR also
revealed that women have a 10–30% higher dropout rate than men (65). These statistics
are significant, being relevant to the highly inadequate counseling and support for
women in CRPs and exercise programs.
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Moore et al. (59) studied women after they had completed CR in order to learn how
well their exercise patterns continued to be carried out over time. They found that 30%
of the women exercised five times per week or less during the 3-month period after
completion of CR post-CABG. Another 27.5% exercised three or more times per week.
The women exercised an average of 5.2 sessions within their target HR during the
entire study period. Exercise maintenance dropped consistently during the course of
the 3-month follow-up. Although 83% of the participating women started exercising
during the first month, after 1 month, one-third of the women had stopped exercising.
During the study’s last week, only half of the women were still exercising. Moore et al.
(59) concluded that women exercised well below the recommended guidelines after an
acute cardiac event.

Moore’s approaches to CR are based on middle-aged men and may not be useful in
explaining female participation (68,69). She conducted focus groups to learn about
the attitudes and experiences of women toward CR participation. Her results indicate
that prior to participation in CR, women did not knew what to expect from a CRP.
Once they had participated, the features the women said they liked most were “feel-
ing safe during exercise because of monitoring, peer group support during rehabilita-
tion, and pleasant and encouraging staff” (68). Women desire more social interaction
during CR exercise sessions, emotional support from staff members about their car-
diac recovery dimensions, and exercise options other than cycle or treadmill. Moore
concluded that several CRP design and operational features are perceived by many
women as not meeting their needs (68). Although her findings were limited by the
sample size (n = 11), findings from this study provide valuable insights into women’s
CR perceptions.

Another report by Moore (69) evaluated women and men’s preferences for CRP fea-
tures. Moore’s study aimed to identify and compare women and men’s preferences for
specific CRP features. She used a descriptive design to study 33 men and 32 women
who participated in a CRP by asking them to complete a questionnaire, where they
were asked to identify both the importance of each of 17 CR features and the extent to
which they had experienced each of the features. The results indicate that convenience
factors (e.g., driving time, transportation, noninterference with other life activities, and
ease of learning the exercise) were well-met preferences by men and women. Men’s
and women’s preferences were not well met for being able to choose their own exer-
cise. Men indicated that the ability to set their own goals was their greatest unmet pref-
erence. Women’s preferences for no pain or fatigue while exercising were significantly
less well met than in men. Moore suggests that a CRP that is responsive to patients’
preferences should emphasize joint goal setting with participants and progress discus-
sion, offer encouragement from health professionals, and provide a range of exercise
choices (69). Attention to women’s concerns about pain and fatigue while exercising
should also be addressed.

Additional research and theories have continued to address the issue of CR compli-
ance. Ginzel suggests that one reason for the lower attendance and compliance in
women is the older average age of women with CVD (61). But the literature is conflict-
ing, in this regard. One study done in Ireland reported that men in their 70s were twice
as likely as women of the same age to attend CR (49). Although others have reported
no gender differences in compliance rates, as age increased compliance decreased in
women (70). Older women are often physiologically ineligible for CR or unable to
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drive to the CRP. In contrast, other studies found that as age increased, compliance
rates increased (71,72). Similarly, it has been reported that younger women and women
smokers are less likely to be compliant than older women or nonsmokers (53). Only
19% of women under the age of 50 completed the program. Riegel and Gocka (73)
reported that both men and women had improved psychological adjustments within 4
months post-MI. The specific improvement areas differed by gender. Returning to
work was comparable in men and women despite the differences in functional class.
Women were more likely than men to ask for social support post-MI. However, the
study was seriously flawed by a misunderstanding of the principles in matching and
overmatching men to women on the very aspects for which effect estimates were
planned, which make these results suspect.

Some of the factors thought to contribute to the high dropout rates from CRPs or
exercise and activity recommendations vary for women and men. Various factors, par-
ticularly in women, need to be analyzed so that interventions can be developed and
implemented. Possible reasons include cost (limited or no insurance reimbursement),
inconvenience of program hours or facility location, schedule conflicts with work and
family commitments, concurrent illnesses, exercise-related symptomatology, or a com-
bination of these factors (65). For many women, the time of their heart conditions coin-
cides with adult children’s return to the home, and thus, women are care providers and
unable to care for themselves. Similarly, women are the caregivers for elderly parents,
sick siblings, or disabled family members. Health professionals must realize that
women are faced with several obstacles unique to their gender that may hinder their
participation in exercise programs. Another factor that should also be considered is that
most exercise programs are designed to accommodate men, and activities are geared
toward exercise activities favored by men because men have been the predominant recip-
ients of CRPs (65). However, because greater numbers of women are taking an interest
in CRPs, such programs need to be re-evaluated for their suitability and interest to the
women patients. These issues are relevant and need to be addressed in order to begin
developing intervention strategies to increase physical activity and exercise in women.

Limited research shows that women have unique psychological and physical needs
that are different from those of men during their recovery process. Moore (68) points
out that despite a growing number of studies on gender differences that point to CRP
problems, the progress in making such programs more “friendly” to women is slow.
Because programs do not address the general needs of women, as well as women from
minority groups in particular, compliance with CR and women’s recovery is hindered.
As the women in the population age, consequently CVD incidence in women
increases, there is an urgent need for research on the special needs of women in CR.
Only by improving our knowledge about what is relevant to CR in women can we
intervene effectively to improve participation.

Women who have sustained a major cardiac event are in need of CR. CRPs assist
women in the recovery from the cardiac event and teach them the knowledge, skills, and
new behaviors to minimize any future risk of a cardiac event. Additionally, women can
also be taught to reduce CVD risk in other family members, such as their children, by
adopting healthy lifestyles through physical activity and healthy eating. Comprehensive
programs, such as the one described by Sivarajan (74,75) and Wenger et al. (44), that
include education, counseling, and behavioral intervention, are useful in providing the
information and opportunities for problem solving. The program by Sivarajan (74–76)
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also provides group counseling, where women have the opportunity to discuss their con-
cerns about recovery and issues related to managing their multiple roles. Education and
counseling programs have shown improvements in psychosocial outcomes (44,77).

SUMMARY AND CONCLUSION

Women have much to gain from regular physical activity. The prevalence and signif-
icance of physical inactivity is of a magnitude minimized up to this point. The implica-
tions of how physical activity affects women’s health, particularly cardiovascular
health, are generously provided in a variety of scientific studies. Continuing studies
have shown that women are more sedentary than men, and that this increases with age.
National surveys on gender differences reflect that women were less likely to be
enrolled in CRP than men, and that women have higher dropout rates (31). Physical
inactivity also increases with minority populations and with lower income or education
levels (6,30).

It has been clearly shown in several studies that persons with moderate to high levels
of physical activity experience lower mortality and have improved cardiovascular
health (22). Most studies of women suggest that there is a 50% CVD risk reduction
among active women when compared with sedentary women (78). The AHA has
shifted its health care paradigm to emphasize healthy lifestyles for women to help pre-
vent the development of risk factors for CHD (16). One aspects in implementing this
healthy lifestyle is increasing physical activity. Women also tend to live longer then
men and often live alone. Regular physical activity that includes coordination and flex-
ibility can help women live independently, benefiting society as well.

The ACSM recommends that every US adult should accumulate 30 minutes or more
of moderately intense activity on most (preferably all) days of the week (15,30).
Adopting and maintaining a physically active lifestyle can be influenced by various
factors; those that particularly pertain to women have been identified. Health care pro-
fessionals must use this information to continue to promote a healthy physically active
lifestyle for women. Various intervention strategies may need to be employed for high-
risk populations, such as the elderly, minorities, and those with lower income or educa-
tion. At the same time, effective intervention strategies should be implemented and
restructured at the individual, community, social, and environmental level to ensure a
better chance of increasing the adoption of this healthy behavior in women. One impor-
tant aspect to remember is that CHD risk reduction must be done comprehensively in
women. Preventive measures, such as teaching self-breast exams and the need for regu-
lar mammograms, annual pap smears, diabetes, lipid, and cancer screening, should also
be emphasized.

IMPLICATIONS FOR PRACTICE

Increasing Physical Activity in Women Today
Health care professionals play an essential role in efforts to decrease the sedentary

lifestyle so prevalent among US women today. Initiation of physical activity as primary
and secondary prevention strategies should be implemented on a regular basis. In
patient-visit settings, physicians and their staff should discuss physical activity and
provide exercise prescriptions for patients (79). Prescribed exercise programs should
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include recreational sports such as running, dancing, and swimming, as well as
selected types of resistance exercise to provide a variety of choices for women to
increase their activity levels. Intensity, duration, and frequency should also be dis-
cussed and modified individually in all types of physical activity programs. The spe-
cific role of walking, the most common form of exercise among women, should be
fully elucidated to increase activity levels in this population (26). Many factors are
associated with adopting and maintaining a physically active lifestyle, such as socioe-
conomic status, cultural influences, age, and health status. Understanding these factors
is necessary to see how these variables influence the adoption of a physically active
lifestyle at the individual level. Intervention strategies for encouraging individuals
from different backgrounds to adopt and comply to be physically active need to be
developed and tested further. Specifics for such intervention strategies can be found in
the recent book Cardiac Rehabilitation: A Practical Approach in the 21st Century (56)
and in the guidelines of the American Association of Cardiovascular and Pulmonary
Rehabilitation Program Guidelines that are updated regularly and in the ACSM Manu-
als (31).

Innovative programs are already being implemented; these should be looked at as
excellent examples of how physical activity programs can positively affect women’s
health. The AHA has developed a website program, titled Choose to Move, which
instructs women on how to incorporate physical activity into their daily routine through
creative and practical ways (81). Choose to Move has also expanded to provide guid-
ance with self-management of risk factors. In particular, women who are computer
savvy can benefit highly from this program, which uses the internet to provide informa-
tion and keep an exercise log. This 12-week program shows women how to set realistic
health goals, manage their weight, and build a support system. Participants receive
informational brochures, a program handbook, and incentive gifts for continued com-
pletion of the program.

The National Heart, Lung, and Blood Institute (NHLBI) of the National Health
Institute (NIH) has also contributed to efforts in maintaining a healthy lifestyle in
women. It has revised its Healthy Heart Handbook for Women, which has 100 pages of
the latest information on preventing cardiovascular disease like CHD, myocardial
infarction, and hypertension (82). This handbook helps women develop a personal
action plan to reduce the major risk factors of heart disease. Health care professionals
should keep updated regarding the latest research advances and prevention strategies in
order to help women be responsible for their overall health and well-being; this
includes increasing their levels of physical activity in order to reduce their risk of coro-
nary heart disease. Finally, a new Surgeon General’s Report released in Spring 2001
focuses on smoking in women (83).

Increasing Participation in Cardiac Rehabilitation
Current theories on human health behavior suggest that the patient’s preferences for

specific aspects of health regimen are an important influence on their decision to initi-
ate and continue use of the regimen. Despite low rates of participation in cardiac reha-
bilitation, especially among women, little research has been done to determine
patients’ preferences for features of cardiac rehabilitation programs. Moore’s study
(68) suggests that women do not wish to experience pain or tiring while exercising.
Therefore, in order for CRPs to be more responsive to patients’ preferences, the staff
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should emphasize joint goal-setting and discussion of progress, offer encouragement to
women, and provide a range of exercise choices. It is essential that women’s concerns
about pain and fatigue while exercising be addressed (53,84,85). Furthermore, women
exhibit more shortness of breath, less activity, and more chronic illness during recov-
ery. Because women withdraw from CRPs for medical reasons, and are more likely to
have angina while participating in a CRP, they need reassurance that their concerns will
be attended to and accommodations will be made for an individualized program (53,
64, 84). Focus groups revealed that the features most liked by women included the pos-
itive encouragement they received from professional staff. The women also desired
more opportunities to interact with other participants during the sessions. These find-
ings further support the need for concurrent education and counseling sessions, along
with the exercise program, with lots of opportunity for women to exchange ideas and
share feelings. Such models have existed since the early 1970s but unfortunately too
few CRPs have adopted these for incorporation into their exercise program offerings
(76,85). Additionally, women in CRPs need a wider range of exercise choices; the
Choose to Move program and other community programs are likely available although
some may need modification according to the findings shown here. Additionally,
women may also prefer to use dance as a mode of delivery of exercise.

The methods used by Moore et al. (68) could serve as a prototype to be used by
other programs in evaluating the extent to which women’s preferences exist and to
what degree their expectations are being met. This could aid in the development of
health care services that can be truly meaningful for patients. In particular, because
CRPs are often the first step in long-term lifestyle changes following a cardiac event, it
is crucial to have patient input when it comes to program design. Features that are
important to women and that match their expectations will result in increased compli-
ance, increased patient satisfaction, and increased overall participation in CRPs. Most
importantly, convenience factors such as when the program is offered, transportation,
traffic patterns, and resources need to be assessed in each community-based program.
More choices also make it easier for working women to attend, promoting higher
enrollment (6,80).

RECOMMENDATIONS FOR FUTURE RESEARCH

Despite existing scientific evidence regarding the efficacy and health benefits of
physical activity, much more research is needed and must continue to be done. Inter-
vention strategies about how health clinicians can help to increase physical activity in
women needs to be emphasized. There is still relatively little empirical data regarding
factors that interfere with healthy physical activity in women (6). There is also still a
lack of information on how to increase practical ways for women to incorporate physi-
cal activity into their daily lives, programs to promote women’s cardiovascular health,
and what kind of physical activities women are mostly interested in. Factors that affect
special populations of women, like minorities and elderly women, still need further
understanding. The importance of health care professionals and their influence on
encouraging physical activity in women also play an important role in this problem. We
must research and create more ways to intervene.

Most of the studies on exercise tolerance, determinants, and barriers have been con-
ducted in men, or results have not been separated by gender (6). Existing data on gen-
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der differences need to be interpreted with caution (6). Many studies use self-reported
measures to estimate physical activity in women. Some of these self-reported mea-
sures, like housework, child and elder care, and walking during non-leisure time, may
not be valid because of assessments that may be counted or not counted for women’s
(6). More randomized clinical trials need to be conducted that provide clear evidence
as to the efficacy of physical activity and the strategies that are most effective in pro-
moting this behavior in women. One of the most important aspects of intervention is
that it should be individualized with features that help heal women physically, as well
as emotionally.
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INTRODUCTION

Several converging variables have escalated the interest in menopausal hormone
therapy as a unique cardioprotective mechanism for women. These variables include
the progressive aging of the population, with women enjoying an increased life
expectancy and spending a greater proportion of their lives in the menopausal state; the
predominance of clinical coronary events in menopausal women; the excess coronary
risk in women with premature menopause or bilateral oophorectomy, which is abol-
ished by estrogen therapy (1); and the less favorable outcomes of women than their
male counterparts with myocardial infarction (MI) and coronary revascularization pro-
cedures, which underscore the need for better preventive strategies (2). Furthermore, an
array of biologically plausible mechanisms for estrogen-mediated cardioprotection is
evident (3), and a sizeable compendium of data from observational studies of estrogen
use suggests that it might help prevent cardiovascular disease (CVD) in healthy women
and curtail illness progression in women with coronary heart disease (CHD). Only
recently has information regarding menopausal hormone therapy and cardiovascular
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outcomes been derived from randomized controlled clinical trials (RCTs). Overwhelm-
ingly conflicted with the traditional assumptions of benefit, this evidence has guided
contemporary position papers and scientific statements from professional health orga-
nizations. Each of these aspects is examined.

Relatively few women lived past the age of menopause in the early 1900s, whereas
today women spend about one-third of their life in menopausal status. The challenge for
clinicians is to render these years of health and vitality, rather than a time of disease and
disability. CHD is substantially prevalent and highly lethal in menopausal women. Each
year, more US women than men die from CHD (4). About one-third of all MIs in the
United States occur in women; women have greater mortality from MI than men, even
when matched for age, and both with and without the use of coronary thrombolysis. The
database of the US Society of Thoracic Surgeons reveals that almost one-third of all coro-
nary artery bypass graft (CABG) surgery procedures are performed in women; female
gender independently predicts operative mortality, except in the highest risk category (5).

The greater age dependency for CHD in women than for men has been known since
the early years of the Framingham Heart Study. Any initial clinical manifestation of
CHD is delayed approx 10 years in women when compared with men, and MI occurs
as much as 20 years later (6). However, there is no abrupt increase in CHD incidence or
mortality at menopause; rather, the sharp inflection on these curves occurs in the 70s
and 80s (4). The etiology of these age–gender differences remains elusive. Does estro-
gen loss at menopause directly render women vulnerable to CHD? Or can gender dif-
ferences be attributed to the male–female crossover in coronary risk factor prevalence
with aging (7)? Whereas hypertension, hypercholesterolemia, and diabetes mellitus
predominate in younger and middle-aged men, these characteristics accelerate in mid-
dle-aged and older women. For example, after age 50, twice as many women as men
develop hypertension, and isolated systolic hypertension predominates in elderly
women. Low-density lipoprotein (LDL) cholesterol levels are lower in women than
men at middle age; they increase progressively in women after menopause until at least
age 80 and exceed levels in men at older age. Total cholesterol levels increase with age
in women, particularly in the menopausal years, and continue to increase at least to age
70 (which is where the large data sets end). High-density lipoprotein (HDL) choles-
terol levels change little as women age. After age 45, a woman is twice as likely as a
man to develop diabetes. Thus, at the age when women begin to develop CHD, they are
also more likely to have a higher prevalence of conventional coronary risk factors.
Coronary risk factors tend to predominate and cluster in socioeconomically and educa-
tionally disadvantaged female populations; these populations have a high prevalence of
CHD and increased CHD mortality.

BIOLOGICALLY PLAUSIBLE MECHANISMS 
FOR ESTROGEN CARDIAC PROTECTION

Lipid and Lipoprotein (Lp) Effects
Although favorable effects of estrogen on lipid subfractions explain only approx

25–50% of the described coronary risk reduction, this aspect has been the most exten-
sively studied (8,9). Estrogen is associated with a 10–15% decrease in LDL cholesterol
levels, a comparable increase in HDL cholesterol, and lower levels of Lp(a); estrogen
also inhibits LDL oxidation (10,11). Estrogen-receptor polymorphisms have been asso-
ciated with an augmented response of HDL cholesterol to hormone replacement ther-

322 Coronary Disease in Women



apy (HRT). The clinical correlates of these genotypes related to HRT have yet to be
determined (12). This same polymorphism (IVS1–401) is also associated with greater
reduction in levels of E-selectin, but not an increase in C-reactive protein (CRP; 13).
However, elevation of triglyceride levels is a uniform unfavorable effect of orally
administered estrogen. The mechanisms underlying lipid benefit remain uncertain.
Possibilities include enhanced stability of the atherosclerotic plaque, improved
endothelial function that may limit plaque rupture and vascular thrombosis; and
increased bioavailability of nitric oxide, among others.

Variation in lipid effects among studies may reflect the route and type of estrogen
administration, estrogen dosage, and/or concomitant progestin administration (14). A
metabolic substudy of the Women’s HOPE trial in 749 healthy menopausal women,
mean age 51, showed favorable changes in lipids, lipoproteins, and hemostatic factors
with minimal changes in carbohydrate metabolism. The metabolic profile of 0.45 mg
conjugated equine estrogen (CEE) alone or in combination with 1.5 mg medroxyprog-
esterone acetate (MPA) was similar to 0.625 mg CEE and 2.5 mg MPA (15).

Randomized comparison of the effects of 0.3 mg and 0.65 mg doses of conjugated
equine estrogen in menopausal women at risk for CHD showed comparable improve-
ment in lipid profiles and in brachial artery endothelial function (14a). These issues
contribute to the continuing debate over the role of estrogen in cardiac protection and
accentuate the need for additional studies.

Coagulation Effects
Other potentially atheroprotective effects of estrogen include lowered levels of fib-

rinogen, plasminogen, and antithrombin III, along with improved fibrinolytic activity
as manifest by increased levels of tissue plasminogen activator (tPA) and lowered lev-
els of plasminogen activator inhibitor-1 (PAI-1; 16–19). However, some study results
of hormone effects on hemostatic factors are conflicting; questions remain whether the
route of estrogen administration and/or concomitant progestin administration causes
variation in coagulation parameters. Despite these favorable coagulation markers,
estrogen is associated with an increased occurrence of deep vein thrombosis and pul-
monary embolism; the culprit factors have not yet been defined. Potential procoagulant
effects include increased levels of protein C and factors VII and X.

Other Metabolic Effects
Estrogen lowers fasting glucose and insulin levels, decreases insulin resistance, and

improves body fat distribution (16). Results from the Third National Health and Nutri-
tion Examination Survery (NHANES III) identified that both diabetic and nondiabetic
menopausal women who were HRT users had better lipoprotein profiles than never or
previous HRT users. Also, diabetic women taking HRT had better glycemic control
than never or previous HRT users (20). Another mediator of hormone benefit may be
lower levels of homocysteine. However, an unfavorable estrogen effect is increased
levels of the inflammatory marker CRP, an independent CHD predictor. Potential
mechanisms of risk include vascular inflammation and plaque instability (19,21,22). In
a nested case-control study of menopausal women in the Women’s Health Initiative
(WHI), CRP and interleukin-6 (IL-6) independently predicted vascular events among
apparently healthy menopausal women. HRT increased CRP levels, but in this study,
the use or nonuse of HRT was less important as a predictor of cardiovascular risk than
levels of either CRP or IL-6 (23).
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Among healthy menopausal women taking tibolone, transdermal estrogen, and
CEE, higher CRP levels were present in women using tibolone and CEE. Glycated
hemoglobin was significantly lower in women who received transdermal estrogen and
tibolone when compared to women not on HRT, and women on tibolone had signifi-
cantly higher systolic blood pressures (24).

Another randomized trial compared oral with transdermal estrogen therapy on CRP
levels in healthy menopausal women (24a). Oral but not transdermal estrogen
increased CRP by a first-pass hepatic effect. Whether CRP elevation with oral estrogen
use directly promotes atherosclerosis remains to be ascertained.

Vascular Effects
Estrogen’s retardant effect on atherosclerosis may relate to its inhibition of the

inflammatory response to atherosclerosis (25). This is manifest as decreased myointi-
mal proliferation; inhibition of platelet adhesion, aggregation, and foam cell formation,
as well as decreased expression of adhesion molecules. The correlates of the lower lev-
els of cellular adhesion molecules (E-selectin, intercellular adhesion molecule-1
[ICAM-1], vascular cell adhesion molecule-1 [VCAM-1]) are decreased leukocyte
adhesion to, and decreased monocyte infiltration of, the vascular endothelium. Mono-
cyte chemoattractant protein-1 (MCP-1), which stimulates migration of blood mono-
cytes into developing atherosclerotic lesions, is also inhibited by estrogen (26).

Estrogen’s modulation of coronary vasoreactivity may explain some of its protective
effect. Estrogen promotes endothelium-dependent vascular dilation. This is mediated
by an increased bioavailability of nitric oxide and prostacycline, and by lower levels of
the potent vasoconstrictor endothelin (17), likely by a decreased vascular response to
catecholamines and possibly via an endothelium-independent calcium channel-block-
ing effect (27). Nitric oxide is an important contributor to vascular benefit (28).
Antiatherogenic properties of nitric oxide include vascular dilation promotion, limita-
tion of platelet aggregation and adhesion, decreased vascular smooth muscle cell pro-
liferation and migration, decreased neointimal proliferation, and a decrease in
inflammatory cell and platelet adhesion to vascular endothelium. Attenuation of
endothelial cell apoptosis (29) and augmentation of re-endothelialization are additional
estrogen mechanisms that promote vascular benefit.

Furthermore, estrogen may enhance angiogenesis (30) with potential favorable
effects both on neovascularization and on collateral vessel formation, which has been
suggested to improve myocardial perfusion. An autopsy study showed lower coronary
calcium plaque content and decreased mean plaque area in estrogen-treated
menopausal women (31), suggesting that estrogen may modulate calcium content of
atherosclerotic plaques and slow atherosclerotic progression.

Despite this strong biological rationale for cardiovascular benefit, clinical outcome
studies are requisite for evidence-based medicine. Data are conflicting as to whether
the addition of a progestin attenuates any of these estrogen benefits.

Physiological Consequences of Estrogen Use
Initially in animal models, and subsequently in menopausal women, estrogen has

been shown to reverse the paradoxic vasoconstriction response to acetylcholine in ath-
erosclerotic coronary arteries (32). Some studies suggest that this phenomenon may be
gender-specific for women (33).



Brachial artery flow-mediated vasodilation studies in 1636 women older than 65
years in the Cardiovascular Health Study showed no difference between hormone users
and nonusers. However, in the few women without clinical or subclinical CVD or risk
factors, HRT improved flow-mediated vasodilator responses, suggesting a potential
favorable estrogen effect prior to CVD development (34,35). Estrogen in combination
with a synthetic progestin improved flow-mediated brachial artery dilation and reduced
inflammatory markers in hypertensive and/or overweight women, with a response com-
parable to that seen with estrogen and a natural progesterone (36).

A nonrandomized comparison of menopausal women with elevated resting blood
pressures and a positive family history of CHD indicated that the exaggerated hyper-
tensive responses to stress in this population were inhibited with HRT use (37).

Cyclic variation in endothelial function and frequent myocardial ischemia in pre-
menopausal women with variant angina was associated with variation in estrogen lev-
els. Both flow-mediated vasodilation and estradiol levels were lowest from the end of
the luteal phase to the beginning of the menstrual phase and highest in the follicular
phase (38).

Estrogen has been described to cause false-positive ST segment depression on the
stress electrocardiogram (ECG), possibly related to the similar chemical structure of
estrogen to digitalis. In the study that compared data from menopausal women not tak-
ing HRT, taking estrogen alone, and taking estrogen plus progesterone, the decreased
specificity of the stress ECG with estrogen use was countered by the coadministration
of progesterone (39).

In menopausal women with CHD who had exercise-induced myocardial ischemia,
estrogen administration increased treadmill exercise time and delayed the time to exer-
cise-induced ischemia (40,41). Systemic vasodilator effects are also postulated as a
mechanism of benefit. However, many of these studies were performed with supra-
physiological estrogen doses, and conflicting data in research reports may relate to dif-
ferent hormone preparations and different administration routes.

Short-term oral estrogen given to healthy menopausal women did not affect myocar-
dial perfusion at rest in response to adenosine or myocardial perfusion reserve, as stud-
ied by cardiac positron emission tomography (PET) scanning (42). Estrogen did not
increase endothelium-independent vasodilation or directly increase myocardial perfu-
sion, nor was there benefit of short-term HRT on PET scan-measured myocardial blood
flow or flow reserve in menopausal women with coronary risk factors or established
CHD (43).

In a RCT, 293 menopausal women with unstable angina, mean age 70 years,
received estrogen, estrogen plus progestin, or placebo added to standard anti-ischemic
therapy. Recurrent ischemia by ambulatory ECG recording and the hospital and 6-
month adverse clinical events were similar in the three groups, giving evidence that
acute HRT did not reduce ischemia (44).

DATA FROM OBSERVATIONAL STUDIES

Compelling epidemiological evidence of estrogen’s cardiovascular benefit has been
widely reported. Observational studies and meta-analyses of more than 30 observa-
tional studies of oral estrogen use almost uniformly suggested a 35–50% reduction in
the risk of coronary events, particularly for women who were current estrogen users.
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Comparable benefit was evident in the smaller number of studies of estrogen and prog-
estin use (45). Cardioprotection was described as even more prominent for women
with established CHD, showing a 35–80% reduction in recurrent events described
among hormone users (46–48).

Information from the Nurses’ Health Study statistically favored HRT users when
compared with nonusers as having a lower cardiovascular risk, even when progestins
were part of the regimen and with lower dose estrogen (49).

A population-based nested case-control study from the United Kingdom in appar-
ently healthy women age 50–74 years showed an absolute risk reduction for MI of 32%
among women who used HRT for more than 1 year, without an increased risk during
the first year. Oral and transdermal therapy at medium-high doses were thought to have
a comparable cardioprotective effect (50).

By contrast, a recent meta-analysis of 22 small randomized hormone trials, in which
coronary events were reported as adverse events, showed no cardioprotective effect and
an increased odds ratio of 1.4 for hormone users when compared with nonusers, i.e.,
coronary risk rather than benefit, both with and without the consideration of venous
thromboembolism (51). The same authors corroborated these results (i.e., lack of bene-
ficial effect of HRT on cardiovascular risk) in six unpublished clinical studies from
Finnish drug-licensing applications (52).

Several pitfalls of observational studies may offer explanations for the conflicting
results of epidemiological studies and rigorous clinical outcome information from
prospective RCTs, reflecting that observational studies tend to overestimate benefit and
underestimate risk. First is the selection bias in that predominantly healthy women,
typically those with favorable coronary risk profiles, are those who are prescribed hor-
mones. Common contraindications to estrogen therapy include such medical problems
as hypertension, diabetes, MI, stroke, smoking, claudication, and heart failure, i.e.,
either established CVD or major CVD risk factors. Thus, does the observed benefit
reflect a healthy female cohort or favorable estrogen or HRT effects? Additional inher-
ent weaknesses of observational data include a compliance bias, compliance likely
being a marker for other health-related behaviors. Women who continue hormone use
beyond the duration of menopausal symptoms demonstrate excellent compliance. In
several RCTs of nonhormonal cardiovascular therapies, men and women in the placebo
groups adherent to placebo had a 40–60% decreased risk of coronary events in compar-
ison to those not adherent to placebo (53). Clearly, compliance appears to be a surro-
gate for other health-related behaviors that may favorably affect outcomes. Finally,
when women discontinue hormone use owing to early adverse effects, they are not cap-
tured as users in cross-sectional observational studies.

Observational data based on 10 years of computerized hormone use records in the
Group Health Cooperative, a health maintenance organization, examined the risk of
recurrent coronary events and HRT use (54). Among women who survived an initial
MI, there was no difference in the overall risk of recurrent coronary events between
current hormone users and nonusers. An increased risk was suggested during the first
60 days after HRT initiation and reduced risk with current hormone use for more than 1
year.

Other relevant observational data derive from a case-control study in the Group
Health Cooperative (55). The prothrombin gene variant 20210G→A was described as a
risk factor for incident nonfatal MI in hypertensive women. There was significant inter-
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action between HRT use and this prothrombin variant on MI risk; current HRT users
with this prothrombin variant and hypertension had an 11-fold increased nonfatal MI
risk. This risk was absent in nonhypertensive women, and there was no interaction of
HRT risk with the presence or absence of coagulation Factor V Leiden, either in nor-
motensive or hypertensive women.

Data from the Nurses’ Health Study (1976–1996) that involved 2489 menopausal
women with previous MI or coronary atherosclerosis, showed an adjusted relative risk
with current hormone use of 0.56, with less than 1-year use of 1.06, with 1–1.9-years
use of 0.26, and with greater than 2-year use of 0.38; multivariable-adjusted relative
risks were 0.65, 1.25, 0.55, and 0.38, respectively. Thus, risk for major recurrent coro-
nary events increased among short-term hormone users, but decreased with long-term
use, without differences between estrogen alone or estrogen-progestin use (56).

A retrospective review of menopausal women following percutaneous transluminal
coronary angioplasty (PTCA; 57) showed a decline in the combined death or MI out-
come among estrogen users, independent of age, cigarette smoking, diabetes mellitus,
or the number of diseased coronary arteries. Estrogen did not appear to alter restenosis,
as revascularization rates were comparable for estrogen users and nonusers. In contrast,
another study of menopausal women showed that estrogen use during elective PTCA
was associated with decreased angiographic restenosis and improved survival (48). In a
sizeable cohort post-CABG surgery, a small number of women were estrogen users;
estrogen users had an improved survival. Only 3% of estrogen users received a con-
comitant progestin (47).

HRT use and hospital survival after MI was examined in the Third National Registry
of Myocardial Infarction (NRMI-3). During 1998–2000, 114,724 women older than 55
years with confirmed MI were included in the NRMI-3 database. Of these, 6.4% (7353
women) were current HRT users. The unadjusted hospital mortality rate post-MI was
7.4% for HRT users vs 16.2% for nonusers, with an odds ratio of 0.41 (CI 0.36–0.43);
the adjusted mortality odds ratio was 0.65 (CI 0.59–0.72). The authors describe a sig-
nificant HRT association with decreased MI mortality in all age strata. This association
may relate to a therapeutic HRT effect, reflect selection and adherence bias, or may be
a combination of both (58).

In the Coumadin Aspirin Reinfarction Study (CARS), the cohort of menopausal
women with recent MI was examined for hormone use status (59). HRT initiation after
a recent MI increased the risk of cardiac events when compared with never users or
prior/current users. The increased risk largely reflected increased unstable angina dur-
ing follow-up; death and MI were less frequent in new users than never users. Estro-
gen-progestin users had fewer cardiac events during follow-up than users of unopposed
estrogen. In the NRMI-3 cohort previously described, HRT use did not modify stroke
risk in menopausal women with acute MI, either with or without use of thrombolytic
therapy (60).

A population-based case-control study at the Group Health Cooperative was
designed to assess the HRT association with the risk of incident ischemic and hemor-
rhagic stroke. After risk-factor adjustment, there was no increase in ischemic or hemor-
rhagic stroke linked with current estrogen use, with or without a progestin. However,
there was a transitory increase in the risk of ischemic and hemorrhagic stroke associ-
ated with HRT initiation, a finding that the investigators suggested warrants further
evaluation (61).
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A case-controlled study of the effects of HRT in menopausal women with diabetes
suggested that current HRT use neither increased or decreased the risk of MI in dia-
betic women both with and without established CHD (61a).

In the observational Cardiovascular Health Study, 62% of women at baseline had
never used HRT, 26% were past users, and 12% were current users. Overall, HRT was
not associated with the risk of incident congestive heart failure (61b). In this cohort,
clinical markers of endogenous estrogen status (body mass index [BMI] and self-
reported osteoporosis) suggested a lower risk among menopausal women 65 years and
older with presumed lower levels of endogenous estrogen, i.e., those with a lower BMI
or with osteoporosis.

As noted, it was well-appreciated that women who used hormone therapy differed
from nonhormone users in many aspects, including general health status, health con-
sciousness, coronary risk attributes, and socioeconomic status (SES). Also, higher SES
is associated with lower CHD rates. A recent meta-analysis of the observational studies
previously cited (62) that adjusted for socioeconomical status, education, and major
coronary risk factors failed to demonstrate cardiac protection and support hormone use
for the primary prevention of coronary disease and CVD. Adjusted analyses showed a
relative risk of 1.08. Similarly, a scientific review (63) conducted for the US Preventive
Services Task Force indicated hormone benefits for the prevention of osteoporotic frac-
ture and colorectal cancer, uncertain prevention of dementia, but illnesses that included
coronary disease events, stroke, thromboembolic events, breast cancer with 5 or more
years of hormone use, and cholecystitis. Specifically, there was an increased risk of
coronary events, hazard ratio (HR) 1.29; an increased stroke risk (RR 1.2); an
increased risk of venous thromboembolism (RR 2.14) with the risk highest in the first
year; protection against osteoporotic fracture; an increased breast cancer risk that ele-
vated with the duration of use; an increased risk of endometrial cancer; an increased
cholecystitis risk (RR 1.8); a decreased risk for colon cancer (RR 0.80); cognitive
improvement in women with menopausal symptoms resulting in sleep deprivation; and
no definitive information from dementia studies.

HRT RISKS

If a substantial cardioprotective effect was demonstrated for HRT in healthy women
and/or in women with established CHD, the magnitude of benefit would likely eclipse
HRT risks for many women. Nonetheless, noncoronary HRT risks are highly relevant
in clinical decision making (64). Moreover, these risks stand in addition to sympto-
matic problems of endometrial bleeding and breast pain or tenderness associated with
estrogen use.

HRT and Venous Thromboembolic Disease
Although medicine textbooks of a decade ago did not describe venous throm-

boembolism as a significant adverse consequence of HRT use, recent reports indi-
cate otherwise.

In the Oxford Study, hormone use was associated with a relative risk of 3.5 (CI
1.8–7.0) for venous thromboembolism, and in the Puget Sound Study, a relative risk of
3.6 (CI 1.6–7.8). The Nurses’ Health Study, which examined only pulmonary
embolism, showed a RR of 2.1 (CI 1.2–3.8) with hormone use. The absolute risk of
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venous thromboembolism is low in healthy younger menopausal women, but older age
and comorbidity increase the absolute risk.

RCT data from the Heart and Estrogen/progestin Replacement Study (HERS) rein-
force the substantial increased risk for venous thromboembolism in menopausal
women with CHD who use hormone therapy (65). The risk was less in women who
used aspirin or statins and greater for women with lower extremity fractures, in-patient
surgery, cancer, or hospitalizations.

A nested case-control study in women with documented CHD enrolled in the HERS
and the Estrogen Replacement and Atherosclerosis (ERA) trial showed that in women
with the factor V Leiden mutation who were treated with HRT, the absolute venous
thromboembolism (VTE) incidence was 15.4 per thousand each year when compared
with 2.0 in women without the mutation taking placebo. In women with CHD and factor
V Leiden, the absolute risk increase associated with HRT use was more than 40-fold
greater (8.3/1000/year; 66). Comparable data are reported from the United Kingdom (67).

A recent systematic review and meta-analysis for the US Preventive Services Task
Force showed current estrogen use to be associated with a 2.14 increased RR for VTE,
with the risk highest in the first year of use. The absolute rate increase is 1.5 VTE
events per 10,000 women per year (68). VTE risk must be considered in making HRT
recommendations.

Gallbladder Disease
Symptomatic gallbladder disease increased by 30% in HERS women randomized to

HRT, 89% of whom required surgery (i.e., a 38% increased relative risk for biliary tract
surgery; 69). This translates to one additional gallbladder operation for each of the 69
women receiving HRT for 4 years (70). Statin use decreased the risk for biliary tract
surgery. In a retrospective cohort of more than 800,000 women, estrogen users were
significantly more likely to undergo cholecystectomy (71).

Urinary Incontinence
Literature reviews concluded that oral estrogen was either of no benefit (72) or was

associated with an increased risk of urinary incontinence (73). Among HERS women
with urinary incontinence at randomization, HRT was associated with significant wors-
ening of incontinence (74). The clinical community’s reluctance to accept these out-
comes is unfounded.

Dry Eye Syndrome
In the randomized Women’s Health Study, women using HRT, particularly estrogen

alone, were at increased risk of dry eye syndrome (75).

HRT and Breast Cancer
Based on a review of the literature, the US Congress Office of Technology Assess-

ment 1995 (76) report cited an RR of breast cancer among hormone users of 1.35 for
10 years or more of hormone use. The 1996 European Position Paper on HRT and the
Menopause (77) cited a relative risk of 1.2–1.4 for 8–15 years of hormone use, and the
World Health Organization (WHO) Expert Committee 1996 report cited a relative risk
of 1.3–1.8 for 10 years or more of hormone use.

Chapter 21 / Menopausal Hormone Therapy 329



Meta-analysis of nonrandomized studies of the breast cancer risk among long-term
estrogen users identified comparable risk (78).

It is not believed that hormones cause breast cancer, but rather that hormone-sensi-
tive cancers likely grow more rapidly with hormone use and become readily detected;
alternatively, there may be improved surveillance for breast cancer among hormone
users. This effect may explain the more favorable outcome for women who develop
breast cancer while on hormone therapy than is the case for hormone-naïve women
who develop breast cancer. No studies report an increased breast cancer incidence with
5 or less years of hormone use, whereas data are conflicting for 5–10 years of use, and
the data previously cited generally reflect more than 10 years of hormone use (79).

Over 3 years, 19–24% of HRT and 8% of ERT users had a significant increase in mam-
mographic density (80). Epidemiological evidence suggests an increased breast cancer
risk with greater mammographic density, beyond that ascribed to poorer detection.

HRT and Ovarian Cancer
Based on a study of 44,241 menopausal women, former participants in the Breast

Cancer Detection Demonstration Project, evaluation was done for the incidence of
ovarian cancer. Estrogen-only replacement therapy, particularly for 10 or more years,
was associated with a significantly increased ovarian cancer risk. Short-term estro-
gen/progestin therapy did not impart an increased risk, but an increased risk was seen
in long-term estrogen users and in estrogen users who had switched to estrogen/prog-
estin (81).

DATA FROM RCTS

The Postmenopausal Estrogen/Progestin Interventions (PEPI) Trial
PEPI is an intermediate or surrogate outcomes trial; the hypothesis underlying this

study was that women who take estrogen have a lower CHD risk, and that estrogen
prevents CHD by its favorable effects on coronary risk factors (16). Thus, PEPI was
designed to examine the impact of several hormone regimens when compared with
placebo on coronary risk factors, rather than on clinical coronary events. In 28-day
cycles, 875 healthy menopausal women were randomly assigned to conjugated
equine estrogen 0.625 mg daily or the same estrogen dosage with medroxyproges-
terone acetate either on a cyclic or continuous basis or cyclic micronized progestin in
comparison to placebo. All hormone regimens significantly improved levels of HDL
cholesterol, LDL cholesterol, Lp(a), and fibrinogen, but all significantly raised
triglyceride levels. Active treatments had no effect on blood pressure or on 2-hour
insulin levels, nor did they have any effect on weight gain. The best improvement in
HDL cholesterol levels occurred with unopposed estrogen or estrogen plus
micronized progesterone. Importantly, unopposed estrogen in uterine-intact women
was associated with a 10% annual occurrence of adenomatous or atypical endome-
trial hyperplasia, an endometrial cancer precursor, such that unopposed estrogen is no
longer considered appropriate for women with an intact uterus, and addition of a
progestin is obligatory.

All hormone regimens rapidly increased CRP levels, an inflammatory effect, but
decreased soluble E-selectin levels, a potential anti-inflammatory effect (22).
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The PEPI investigators concluded that the best PEPI regimen for CHD risk factors
in women with a uterus was estrogen and micronized progesterone, and in women
after hysterectomy, unopposed estrogen. Whether these effects on coronary risk fac-
tors translate into improved clinical cardiovascular outcomes has been studied in sev-
eral large RCTs.

Postmenopausal Hormone Replacement Against Atherosclerosis (PHOREA)
Another intermediate outcomes trial conducted in Germany examined the effect of

17-β estradiol (with and without gestodine) on subclinical disease progression in 321
healthy menopausal women with increased carotid intima-media thickness (CIMT) at
baseline (82). Despite significant favorable effects on LDL cholesterol and fibrinogen
levels, there was no hormone therapy benefit on CIMT progression.

Estrogen in the Prevention of Atherosclerosis Trial (EPAT)
In contrast, a favorable effect of 17-β estradiol on CIMT progression was demon-

strated in the Estrogen in the Prevention of Atherosclerosis Trial (EPAT; 83). EPAT
enrolled 222 healthy menopausal women with LDL levels greater than or equal to 130
mg/dL. All women received dietary counseling and lipid-lowering therapy if the LDL
exceeded 160 mg/dl. Hormone therapy slowed CIMT progression, but only in the
women who did not receive lipid-lowering medication.

HERS
HERS was a randomized placebo-controlled, double-blind trial designed to examine

whether estrogen plus progestin would reduce CHD event risk in menopausal women
with established CHD (84). HERS enrolled 2763 such women, all with an intact uterus,
and included women up to age 80. All women had documented CHD: MI, CABG
surgery, mechanical revascularization, or if only angina was present, at least 50% nar-
rowing of one major coronary artery at angiography.

The women were randomized to one capsule daily containing 0.625 mg conjugated
estrogen plus 2.5 mg medroxyprogesterone acetate vs an identical placebo and were
followed at 4-month intervals for an average of 4.1 years. The primary outcome was a
combination of nonfatal MI and coronary death. Among the secondary cardiovascular
outcomes were coronary revascularization, hospitalization for unstable angina or heart
failure, resuscitated cardiac arrest, stroke or transient ischemic attack, and peripheral
arterial disease. Baseline characteristics of the HERS participants showed their mean
age to be 67 years, predominantly white, and an average education of 13 years. Thir-
teen percent were current smokers, 19% were diabetic, the mean systolic blood pres-
sure was 135 mmHg, and mean diastolic blood pressure was 73 mmHg. At baseline,
the mean LDL cholesterol level was 145 mg/dL; this is of concern given the 100
mg/dL-goal for women with documented CHD. Despite approx 46% of HERS women
who received statins at baseline, they were not treated to goal levels. Mean HDL cho-
lesterol was 50 mg/dL, and triglyceride level was 168 mg/dL. Fifty-six percent of the
women had a body mass index that exceeded 27 kg/m2. These women exercised mod-
erately, drank alcohol moderately, and approx 24% had previously used estrogen,
although randomization was not permitted for women who had used estrogen within
the previous 6 months.
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Despite achieving the anticipated changes in lipoprotein levels, a greater decrease in
LDL cholesterol in the estrogen/progestin than in the placebo group, and an increase in
both HDL cholesterol and triglycerides in the estrogen/progestin group when com-
pared with placebo, there was no statistical difference in the primary outcome of nonfa-
tal MI plus coronary death between the hormone-treated and the placebo groups. In the
hormone group, 172 women had a primary outcome event vs 176 women in the
placebo group, a relative hazard (RH) of 0.99. There was no difference in either total
CHD events, nor in the subsets, CHD death and nonfatal MI. Also, no benefit of hor-
mone use existed in a large number of secondary cardiovascular clinical outcomes. Of
concern was a posthoc analysis that showed a significant time trend in CHD events by
year since randomization. During the first year, there was a RH of 1.52, a 52%
increased occurrence of CHD events in women receiving HRT in comparison to those
receiving placebo. For the second year, the results were comparable, and for years 3
and 4–5, there appeared to be a favorable RH trend of 0.87 and 0.67, respectively. The
trend to late benefit is uncertain as it reflects both a nonrandomized comparison of sur-
vivors and differences from the 1-year excess risk. Although a number of theories have
been proposed, the reasons for these results remain controversial (85).

The conclusion of the HERS investigators was that 4.1 years of daily estrogen plus
progestin in women with documented CHD did not reduce overall CHD risk. There
was a trend to an early increased CHD risk and a later decline. There was also a three-
fold increased VTE risk and a 38% increased risk for gallbladder disease, primarily
operative, with none of these events being fatal.

Important are the conclusions that should not be drawn from the HERS data; there
was no study of unopposed estrogen, other estrogen/progestin regimens, or women
without CHD; hence, the HERS conclusions and recommendations cannot be applied
to these variables.

The recommendations of the HERS investigators were that, for women with docu-
mented CHD, this estrogen/progestin regimen should not be started for the secondary
prevention of CHD. However, given the favorable pattern of CHD events after several
years of therapy, it could be appropriate for women who already receive such hormone
therapy to continue use.

Subsequent analysis of the HERS data showed that increased Lp(a) was an indepen-
dent risk factor for recurrent coronary events. Hormone therapy lowered Lp(a) levels.
HRT showed a more favorable effect when compared with placebo in women with ini-
tial high Lp(a) than those with low levels (86).

A further analysis of HERS data identified that HRT reduced the incidence of dia-
betes by 35% in women with established CHD (86a). The authors concluded that this
finding provides important insights into the metabolic effects of hormone therapy, but
is insufficient to recommend hormone use for the secondary prevention of CHD.

Follow-up with most of the participants has occurred in HERS-II (see below); ongo-
ing laboratory testing of stored serum samples should provide further information
regarding HRT benefits and risks.

The Estrogen Replacement and Atherosclerosis (ERA) Trial
ERA was a secondary prevention randomized angiographic trial involving 309

menopausal women whose mean age was 66 years (87). About half had prior MI and
comparable number had PTCA. One-fourth were diabetic, and 60% had hypertension.

332 Coronary Disease in Women



They were randomized to conjugated equine estrogen 0.625 mg daily vs placebo if they
had hysterectomy and conjugated equine estrogen 0.625 mg daily plus medroxyproges-
terone acetate 2.5 mg daily if not. Compliance averaged 81% during the mean follow-
up of 3.2 years. A coronary angiogram was performed at the initiation of the trial and a
follow-up angiogram at termination. The primary outcome was change in the angio-
graphic characteristics of the coronary atherosclerotic lesions. There was no difference
in mean minimum luminal diameter between the hormone regimens and placebo, and
no difference existed in several secondary outcomes, including the change in percent
diameter stenosis, change in minimum luminal diameter, or the number of new lesions.
Essentially, there was no difference in regression or progression of the coronary ather-
osclerotic lesions between the hormone and placebo groups. These results contradict
the findings of previous observational studies, which suggested a possible angiographic
benefit of hormone therapy (88).

The Papworth HRT Atherosclerosis Survival Enquiry (PHASE)
This randomized secondary prevention clinical trial in the United Kingdom, com-

pared transdermal estrogen alone or with transdermal norethisterone vs placebo in 255
menopausal women with angiographically documented CHD (89). This small trial was
terminated early at the interim analysis because of futility and possible harm; after 4-
year follow-up, there was no clinical cardiovascular benefit with hormone therapy and
a nonsignificant early increase in adverse event rates in the hormone group. The inves-
tigators suggested that transdermal HRT should not be initiated for secondary preven-
tion in menopausal women with angiographically proved CHD (89).

The Women’s Estrogen for Stroke Trial (WEST)
This randomized double-blind, placebo-controlled trial involved the administration

of 1 mg 17-β estradiol daily vs placebo to 664 menopausal women, mean age 71 years,
who had had a transient ischemic attack (TIA) or ischemic stroke within 90 days. At a
mean follow-up of 2.8 years, estrogen did not decrease the risk of death or recurrence
of nonfatal stroke. However, the fatal stroke risk increased with estrogen therapy, and
women with nonfatal stroke who took estrogen had slightly worse neurological and
functional deficits. The investigators concluded that estradiol should not be prescribed
for the secondary prevention of cerebrovascular disease (90). A posthoc analysis sug-
gested that the more severe events occurred in the initial 6 months of hormone therapy.

Heart and Estrogen/progestin Follow-Up Study (HERS II)
To ascertain whether the trend toward a reduced coronary event risk with hormone

use in the later years of HERS would persist with additional follow-up and result in
overall decrease in the risk of coronary events, the majority of HERS participants (93%
of the surviving women) were followed for an additional 2.7 years in an observational
study (HERS II). Women in the open-label study were encouraged to remain on their
original drug assignment. HERS II results identified that hormone therapy did not
reduce the risk of coronary events, overall RH 0.99 (CI 0.84–1.17) even after adjust-
ment for potential confounders and other factors, such as statin use, RH 0.97 (CI
0.82–1.14), nor were the results altered with analysis of women adherent to random-
ized treatment assignment, RH 0.96 (CI 0.77–1.19; 91). In association with this lack of
cardiovascular benefit, the harms included a twofold increase in VTE risk (RH 2.08

Chapter 21 / Menopausal Hormone Therapy 333



overall), predominantly in the initial year (RH 2.66 HERS, 1.40 HERS II); and nearly a
50% increase in the rate of gallbladder disease that required surgery (RH 1.48 overall).
Therefore, in older women with established CHD, this estrogen/progestin regimen did
not provide cardiovascular benefit and, in fact, caused significant harm. Thus, it should
not be used to decrease the risk of cardiovascular events.

The Women’s Angiographic Vitamin and Estrogen (WAVE) Trial
Hormone treatment failure for cardiovascular protection was also evident in the

Women’s Angiographic Vitamin and Estrogen (WAVE) trial, a randomized double-
blind trial of 423 menopausal women with at least one 15–75% coronary stenosis at
baseline coronary angiography (92). The study involved a 2 × 2-factorial design with
women who received 0.625 mg CEE (plus 2.5 mg MPA if they had not had hysterec-
tomy) or matching placebo and vitamin E + C vs placebo. The endpoint was angio-
graphic change at a mean of 2.8 years and intercurrent death or nonfatal MI. Neither
HRT nor antioxidant vitamin supplements provided cardiovascular benefits. Rather, a
potential for harm was suggested with each treatment. The increased risk associated
with HRT was statistically significant (p = 0.045).

EStrogen in the Prevention of ReInfarction Trial (ESPRIT)
The ESPRIT trial in the United Kingdom randomly assigned menopausal women

aged 50–69 years who had survived an initial myocardial infarction to estradiol com-
pared with placebo therapy (92a). HRT did not reduce the overall risk of subsequent
cardiac events, with no difference observed in the frequency of reinfarction or cardiac
death at 24 months. Of concern is the low adherence to therapy in the hormone group
and the substantial crossover to hormone use in the placebo population.

Hormone Therapy and Unstable Angina
Menopausal women with unstable angina are described to have elevated baseline

levels of soluble thrombomodulin, E-selectin, and VCAM-1; these markers of endothe-
lial activation and injury were not affected by a 21-day course of oral CEE or CEE +
MPA (92b). Nor did acute hormone therapy added to standard anti-ischemic therapy in
menopausal women with unstable angina reduce ambulatory electrocardiographic evi-
dence of myocardial ischemia (92c). Two hundred ninety-three women were random-
ized to receive intravenous followed by oral estrogen or intravenous estrogen followed
by oral CEE and MPA for 21 days compared with placebo.

Secondary Prevention Angiographic Trials in Progress
Ongoing angiographic endpoint trials include the Estrogen and Bypass Graft Ather-

osclerosis Regression Trial (EAGER) and the Women’s Estrogen/progestin and Lipid
Lowering Heart Atherosclerosis Trial (WELLHEART).

Women’s Health Initiative (WHI)
The overall WHI is the largest study of menopausal women to date, with an enroll-

ment of over 160,000 predominantly healthy women age 50–79 years (93). Within this
observational cohort, 27,248 women were participants in a randomized double-blind,
placebo-controlled hormone trial. They were randomly assigned to 0.625 mg conju-
gated equine estrogen plus 2.5 mg medroxyprogesterone acetate daily vs placebo if
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they had an intact uterus or 0.625 mg conjugated equine estrogen daily vs placebo if
they had had a hysterectomy. As in HERS, this regimen was selected as the hormone
preparation most commonly used by US women. This trial was designed to reveal hor-
mone therapy’s effect in predominantly healthy menopausal women. Further WHI
details are available on the National Institutes of Health (NIH) website (94).

In both 2000 and 2001, the Data Safety and Monitoring Board recommended
reporting the small increase in MI and stroke to all participants, both in the estrogen
and estrogen/progestin groups, when compared with placebo. This unanticipated
occurrence involved less than 1% of the women and occurred in addition to the antic-
ipated increase in VTE. Because of the low incidence of adverse events and the
potential for a late benefit, the Data Safety and Monitoring Board recommended con-
tinuation of the study.

In July 2002, the estrogen/progestin therapy arm of the WHI hormone trial was dis-
continued prematurely after an average follow-up of 5.2 years because of an increased
risk of invasive breast cancer that exceeded the preset trial that stopped boundaries
(95), combined with a lack of global risk benefit. The randomized estrogen-only ther-
apy arm vs placebo is continuing. In addition to the 26% increased risk for invasive
breast cancer with estrogen/progestin therapy, harms included a 29% increased risk for
coronary events, 41% increased stroke risk, and doubled risk for VTE, in contrast to
colorectal cancer benefits (37% decrease), hip fracture (33% decrease), and 24%
decrease in total fracture. Coronary events, stroke, pulmonary embolism, and invasive
breast cancer provided equal contributions to harm. Translated to the care of an indi-
vidual woman, if 2000 women were treated with this regimen for 5 years, there would
be an excess of seven coronary events, eight strokes, eight cases of invasive breast can-
cer, and eight more pulmonary emboli, in contrast to six less colorectal cancers and
five fewer hip fractures. Although the majority of WHI women had no adverse events,
the population risk is substantial. Thus, the global risk–benefit profile does not warrant
recommendation of this therapy as a widespread preventive intervention on a popula-
tion basis.

A comparable ongoing primary prevention trial in the United Kingdom is the
Women’s International Study of Long Duration Oestrogen after Menopause (WIS-
DOM; 96). Based on 2002 WHI results, WISDOM has been terminated. Britain’s Med-
icines Control Agency has advised that HRT has not been proven to prevent heart
disease and may increase risk in women with existing CHD (97).

Subsequent data from the estrogen/progestin arm of WHI addressed health-related
quality of life (97a). Based on assessments in all WHI women performed at baseline
and at 1 year and assessments in a subgroup of women at 3 years, HRT resulted in no
clinically meaningful effects on measures of general health, vitality, mental health,
depressive symptoms, or sexual satisfaction. Only among 50- to 54-year-old women
with moderate to severe baseline vasomotor symptoms was there an improvement in
such symptoms and a small benefit in sleep disturbance; there was no improvement in
other health-related quality of life outcomes.

The Women’s Health Initiative Memory Study (WHIMS) was an ancillary study of
WHI that also reported on the population in the continuous combined estrogen/prog-
estin therapy versus placebo cohort (97b). This study encompassed participants 65
years of age and older and showed a doubled likelihood of developing dementia among
hormone-treated women, although the absolute risk of dementia was low. There was no
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effect of hormone therapy on mild cognitive impairment. In another WHIMS study
(97c), again in women 65 years of age and older in the estrogen/progestin vs placebo
arm of WHI, global cognitive function was measured by the Modified Mini-Mental
State Examination. Hormone-treated women had significantly smaller average
increases in total cognition scores, although the differences were not clinically signifi-
cant. However, more hormone-treated women had statistically significant and clinically
important declines in the Mini-Mental State Examination scores.

AMERICAN HEART ASSOCIATION SCIENCE 
ADVISORY ON HRT AND CVD

In 2001 the American Heart Association (AHA) issued a science advisory for health
care professionals addressing HRT and CVD (98). This was based on newly available
scientific information and reflected changes in clinical practice guidelines of both the
AHA and the National Cholesterol Educational Program (NCEP). Previously, the AHA
had recommended hormone therapy as first-line management for lipid lowering in
women; the 2001 AHA/American College of Cardiology (ACC) guidelines for prevent-
ing MI and death (99) now recommend statin therapy, owing to greater lipid lowering
in women than occurs with estrogen and documented clinical cardiovascular outcome
benefits for women in RCTs of statins for both primary (100) and secondary prevention
(101–104). HRT decreases levels of LDL cholesterol and increases HDL cholesterol
levels, although to a lesser extent than statin therapy. The new guidelines recognize that
results of recent RCTs of HRT for secondary prevention showed no cardiovascular
benefit and potential early cardiovascular risk, both with oral and transdermal prepara-
tions (84,89) for healthy women and women with CHD (84,89,105). The same change
in recommendations occurred from the Adult Treatment Panel II (ATP II) of the NCEP
that had recommended initial hormone therapy for lipid lowering in women to the
NCEP ATP-III, which now recommends initial statin use (106).

The following were the AHA 2001 summary recommendations for HRT and CVD.

SECONDARY PREVENTION

1. HRT should not be initiated for secondary CVD prevention.
2. The decision to continue or stop HRT in women with CVD who are undergoing long-

term HRT should be based on established noncoronary benefits and risks and patient
preference.

3. If a woman develops an acute CVD event or is immobilized while undergoing HRT, it is
prudent to consider HRT discontinuance or to consider VTE prophylaxis while she is
hospitalized to minimize the VTE risk associated with immobilization. HRT reinstitution
should be based on established noncoronary benefits and risks, as well as patient prefer-
ence.

PRIMARY PREVENTION

1. Firm clinical recommendations for primary prevention await the results of ongoing
RCTs.

2. There are insufficient data to suggest that HRT should be initiated for the sole purpose of
primary prevention of CVD.

3. Initiation and continuation of HRT should be based on established noncoronary benefits
and risks, possible coronary benefits and risk, and patient preference.
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Noncardiac benefits include the amelioration of menopausal symptoms and osteo-
porosis prevention; risks involve VTE, gallbladder disease, and likely breast cancer, the
latter with more than 5–10 years of HRT. As noted, the database for primary prevention
recommendations was less robust, given the lack of reported primary prevention clini-
cal trials; however, participant notifications from the ongoing WHI raise concern for
cardiovascular risks.

The 2002 American Heart Association recommendations (106a) cite that women
should not start nor continue combined HRT for the prevention of coronary heart dis-
ease. This adds recommendations for women who have no evidence of heart disease to
recommendations for women with established heart disease and reflects data from the
WHI trial reported subsequent to the AHA 2001 recommendations.

A revised coronary prevention statement for women by the AHA is currently being
formulated. In the interim, emphasis is appropriate regarding a subset of menopausal
women not enrolled in the RCTs previously cited. These are women with moderate-to-
severe menopausal symptoms who would be unlikely to volunteer for a study with a 50%
likelihood of being randomized to placebo. This population also is unlikely to be studied
in comparable trials and remains an important patient component in clinical practice to
whom these clinical trial data cannot be reliably applied. For these women, quality-of-life
benefits of hormone therapy likely will outweigh the small but definite risks cited previ-
ously. Recommendations from the American College of Obstetricians/Gynecologists and
the North American Menopause Society include statements that recommend the lowest
effective hormone dose for the shortest feasible timespan for such women (107,108).

US PREVENTIVE SERVICES TASK FORCE

A scientific review conducted for the US Preventive Services Task Force (108a)
identified benefits of hormone therapy as the prevention of osteoporotic fracture and
colorectal cancer. Harms included the increased risk of coronary disease, stroke,
thromboembolic events, breast cancer (with 5 or more years of hormone use), and
cholecystitis. It was an uncertain benefit for the prevention of dementia. The conclu-
sion was that the harms of estrogen/progestin therapy were likely to exceed chronic
disease prevention benefits for most women. The US Preventive Services Task Force
(USPSTF) recommends against routine estrogen and progestin use for the prevention
of chronic conditions in menopausal women. Using hormone therapy to relieve
menopause symptoms was not reviewed for these recommendations (109).

BEYOND HORMONES

Most women (62%) believe that cancer is their greatest health problem; less than
10% recognize CHD as their major health threat (110). Many physicians remain
unaware of women’s vulnerability to CHD (111) and fail to adequately counsel women
about CHD risk and preventive strategies across the lifespan. Also they have not insti-
tuted preventive testing and traditional coronary risk-reduction strategies; therapies
such as statins (112) and antihypertensive medications, known to protect against CVD,
remain underutilized both in healthy women and in women with CHD (113). In HERS,
a nonrandomized comparison of statin users and nonusers, identified that statin use was
associated with lower rates of cardiovascular events, VTE, and total mortality, further
reinforcing the value of statin use in women with CHD (114).
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Ample data demonstrate that healthy lifestyle changes, supplemented by medica-
tions as necessary to control blood pressure and lipids, result in favorable clinical out-
comes for women (4) and enhance menopausal health. Rather than focusing on
hormone therapy, women and their physicians should direct their attention to lifestyle
changes and other pharmacotherapies known to reduce cardiovascular risk. Physicians
should encourage both the initiation and maintenance of these therapies (115).

In the 54-month report from the Women’s Healthy Lifestyle Project (116), which
followed women from perimenopause to postmenopause, a lifestyle program of
reduced calorie and fat intake and increased physical activity prevented increases in
LDL cholesterol and body weight associated with that transition. The program was
effective for hormone users and nonusers.

US FOOD AND DRUG ADMINISTRATION
LABELING REQUIREMENTS, 2003

In January 2003 the US Food and Drug Administration (FDA) outlined new labeling
requirements for all estrogen and estrogen/progestin products, likely reflecting the lack
of clinical trial evidence that other hormone formulations differed significantly in their
risk–benefit profiles from those reported above (116a). In the United States,
menopausal hormone therapy is approved for the management of menopausal symp-
toms, the management of symptoms of vulvovaginal atrophy, and the prevention of
menopausal osteoporosis. The new labels require the statement that these products are
not approved for heart disease prevention and must highlight the increased risk of heart
disease, heart attack, stroke, and breast cancer. Prescription of hormone therapy for
moderate to severe menopausal symptoms is advised at the lowest effective dose for
the shortest possible duration. Topical therapy should be considered for symptoms of
vulvovaginal atrophy. Consideration of approved nonestrogen therapy is recommended
for the prevention of osteoporosis.

Importantly, the FDA advises women to discuss with their healthcare providers
other approaches to reducing heart disease risk factors such as diet, smoking cessation,
and blood pressure control. As previously noted, exercise and lipid management should
be added to these variables.

SELECTIVE ESTROGEN RECEPTOR MODULATORS (SERMS)

SERMs are nonhormonal agents that bind with high affinity to estrogen receptors
and promote specific effects in different tissues. This section addresses the SERM
raloxifene, a nonsteroidal benzothiophene derivative, licensed for clinical use in the
United States for osteoporosis prevention and treatment. Raloxifene exerts estrogen
agonist-like effects on bone and cardiovascular risk factors along with estrogen antago-
nist-like effects on the breast and uterus, offering the potential to provide cardioprotec-
tion without imparting undue noncardiac risks (117). Raloxifene is currently in clinical
trial both to evaluate cardioprotective effects and evaluate the prevention of invasive
breast cancer.

Cardiovascular Effects of Raloxifene: Preclinical Studies
Preclinical cardiovascular studies of raloxifene suggest that it shares many of the

favorable estrogen effects on lipid metabolism and the vascular wall. Raloxifene low-
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ered serum cholesterol levels in an ovariectomized rat model (118) and exerted favor-
able effects on inflammation and coagulation markers. A raloxifene analog inhibited
endothelial VCAM-1 expression, suggesting a potential antiatherogenic effect of ralox-
ifene on the vascular wall. Raloxifene upregulated thrombomodulin in human umbili-
cal vein endothelial cells (119). Increased thrombomodulin expression may reduce
thrombotic risk by regulation of protein C.

Raloxifene had a protective effect against LDL oxidation, inhibiting myeloperoxidase
activity (120). A raloxifene analog enhanced the endothelium-dependent vasodilation of
aortic rings from ovariectomized rats (121). Increased release of nitric oxide (NO) is
likely the mechanism that underlies the enhancement of endothelium-dependent vasodila-
tion. An additional vascular protective effect may relate to the acute activation of endothe-
lial nitric oxide synthase (eNOS) by raloxifene in human endothelial cells; this increase in
NO production is through a rapid estrogen receptor-mediated mechanism (122). In a
study of ovariectomized ewes (123), raloxifene and estrogen produced comparable short-
term increases in both coronary and uterine blood flow, at least partially mediated by NO.

Regarding effects on vascular smooth muscle, both estrogen and raloxifene inhibited
vascular smooth muscle cell migration without an effect on vascular smooth muscle
cell proliferation (124). In animal models of vascular injury and atherosclerosis, both
17-β estradiol and raloxifene inhibited the aortic accumulation of cholesterol in an
ovariectomized cholesterol-fed rabbit model (125). By contrast, in an ovariectomized
cynomolgus monkey model being fed an atherogenic diet, conjugated equine estrogen
reduced coronary artery plaque size, an effect not seen with raloxifene (126). With
increased raloxifene doses, both estradiol and raloxifene significantly reduced athero-
sclerosis progression when compared with placebo in ovariectomized cholesterol-fed
rabbits, with the effect only partially explained by lipid lowering (127,128). In an ani-
mal vascular injury model, data on raloxifene benefit were conflicting depending on the
study (129,130); however, vascular wall changes were at least partially independent of
changes in serum cholesterol levels. These changes suggest the potential of raloxifene
to favorably limit atherosclerosis development.

In studies of ischemia-reperfusion injury in a canine model, both raloxifene and 17-
β estradiol reduced myocardial infarct size in comparison to control animals (131). In a
hypertensive rat model, raloxifene improved hypertension-induced endothelial dys-
function by increased NO bioavailability, which decreased blood pressure and
decreased vascular damage (132).

Cardiovascular Effects of Raloxifene: Clinical Studies
Raloxifene effects on serum lipids, lipoproteins, and triglycerides derive predomi-

nantly from osteoporosis studies in menopausal women. In 601 menopausal women
with low and normal bone mineral density, raloxifene lowered total and LDL choles-
terol, comparable to changes described with estrogen. Raloxifene did not change HDL
cholesterol or triglyceride levels, both of which increase in women who receive estro-
gen. Importantly, endometrial thickness as ascertained by transvaginal ultrasonography
did not increase with raloxifene.

Comparison of raloxifene effects and HRT in 390 healthy menopausal women (133)
confirmed that raloxifene decreases LDL levels, fibrinogen, and Lp(a). In contrast to
HRT, there was no raloxifene effect on HDL cholesterol and PAI-1, and a lesser effect
on HDL2 and Lp(a), but raloxifene did not raise triglyceride levels.
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Raloxifene and CEE were compared with placebo in 56 hysterectomized healthy
menopausal women (134). HDL cholesterol increased and PAI-1 decreased with
CEE, whereas CRP and triglyceride levels increased with CEE, effects not seen with
raloxifene.

Raloxifene significantly reduced homocysteine levels when compared with placebo
(135) in healthy menopausal women. In a prospective nested case-control study of
healthy menopausal women, high-sensitivity CRP (hs-CRP) was the strongest univari-
ate predictor of cardiovascular event risk (136). Although HRT increased CRP levels
by 84% (135), raloxifene did not alter CRP levels. The differing effects of HRT and
raloxifene on CRP are not explained by different effects on IL-6 or tissue necrosis fac-
tor-α (TNF-α; 137)) and may reflect different effects on the liver.

CEE and raloxifene comparison in healthy menopausal women showed that ralox-
ifene lowered levels of cell adhesion molecules, although less than with CEE, but did
not increase inflammation markers as did CEE (138).

The favorable raloxifene effects on some biochemical markers of cardiovascular
risk, differing in many ways from those of estrogen, support the need for a randomized
trial with clinical cardiovascular outcomes, rather than solely an intermediate outcomes
study. The uniform lowering of total and LDL cholesterol, Lp(a), and fibrinogen levels,
without effect on triglyceride levels, are potential beneficial effects of raloxifene on
cardiovascular risk markers. Data on other coagulation parameters are inconsistent;
raloxifene lowers homocysteine levels and does not increase CRP. Limited data suggest
improvements in endothelial function.

Brachial artery diameter increased significantly with raloxifene in healthy
menopausal women, suggesting an estrogen-like effect on endothelial responses to
vasodilator stimuli (139). In another study, raloxifene improved flow-mediated vasodi-
lation, increased plasma NO levels, and lowered plasma endothelin-1 levels (140).
Raloxifene and HRT (17β estradiol + norethisterone acetate) comparably improved
endothelial function and flow-mediated endothelium-dependent vasodilation (141).
Raloxifene also reduced the carotid artery pulsatility index in healthy menopausal
women, with the decline comparable to that reported with estrogen therapy (142).

The Multiple Outcomes of Raloxifene Evaluation (MORE) study (143) showed that
raloxifene improved total and LDL cholesterol and fibrinogen levels, but did not
increase either HDL cholesterol or triglyceride levels. Further data from the MORE
trial suggested that high endogenous estradiol levels identified women with a high risk
of breast cancer, women with potentially the greatest raloxifene benefit (144). Ralox-
ifene did not improve cardiovascular outcomes in the total MORE cohort. However, in
the subset of osteoporotic women at increased cardiovascular risk, there was a signifi-
cant decrease in the risk of cardiovascular events. Four-year data showed no early
increase in the cardiovascular event risk with raloxifene. Were the RUTH trial (see the
following section) not already in progress, these findings would likely have spurred the
initiation of a raloxifene trial with cardiovascular outcome endpoints (145).

The safety raloxifene profile assumes enormous importance. There is no evidence of
endometrial stimulation and no increased risk of endometrial cancer. Similarly, there are
no symptoms of breast pain or tenderness, and there is nearly a 76% reduction in the risk
of invasive breast cancer (146). Bone mineral density is preserved, and the risk of verte-
bral fractures decreased by almost half in an at-risk population (147). The most significant
side effect of raloxifene is VTE, a risk comparable to that of estrogen and HRT.
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Raloxifene Use for The Heart (RUTH) Trial
RUTH is an ongoing randomized double-blind, placebo-controlled trial designed to

evaluate the effect of 60 mg raloxifene daily on the risk of coronary events (coronary
death, nonfatal MI, or hospitalized acute coronary syndrome other than MI), and on
invasive breast cancer in menopausal women at risk for major coronary events (148).
Menopausal women, both those with documented CHD and those at high risk for
major coronary events owing to age and/or cardiovascular risk factors, are studied. In
26 countries, 10,101 women age 55 years and older have been randomized with an esti-
mated follow-up of 5–7 years. Several secondary cardiovascular endpoints, as well as
hospitalizations, breast cancers, fractures, and VTE events will be evaluated. Baseline
characteristics of this population have been described (149).

There are substantial differences between HERS (84) and RUTH (150). RUTH is
a larger trial that involves an international population. All HERS women had docu-
mented CHD, whereas RUTH participants are women with documented CHD and at
increased risk of coronary events. In contrast to HERS, a progestin is not needed in
RUTH, as raloxifene does not stimulate the endometrium. RUTH involves a larger
number of diabetic patients. Concern with HRT elevation of triglyceride levels
excluded many diabetic women from HERS, and raloxifene does not increase
triglyceride concentrations. Because HERS is a US study, there is higher concomi-
tant use of both cardiovascular drugs and procedures than will be seen in the interna-
tional RUTH trial.

OTHER HORMONE PREPARATIONS

Little information is available on the cardioprotective effects of other selective estrogen
receptor modulators, phytoestrogens, tibolone, and a variety of other hormone prepara-
tions not tested or reported in clinical trials for primary or secondary prevention. Data are
lacking for safety, for efficacy, and for interactions with other medical therapies.
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IV ECONOMICS AND POLICY ISSUES IN

HEALTH CARE RELATED TO WOMEN



INTRODUCTION

Coronary heart disease (CHD) continues to be a dominant cause of mortality in the
United States, claiming 500,000 lives of both sexes annually (1). Since the 1980s, the
cardiovascular mortality rate in women has remained static, despite the relative decline
in cardiovascular mortality in men (1). Several factors may account for this difference
in outcome, including differences in risk factor profiles (especially smoking) and the
biology of coronary artery disease (CAD; especially older age occurrence in women vs
men). Another explanation might be the presence of gender differences in the diagnosis
and management of CHD (2), such that coronary disease is underdiagnosed and under-
treated in women in comparison to men (3,4).

Partly because of the presence of numerous confounding variables, the assessment
of gender-specific differences in CHD management is a complex issue. Two fundamen-
tal issues influence the literature on gender and patient outcomes—the limited size of
the evidence base and the impact of confounding variables (5). Women are underrepre-
sented in many large therapeutic studies, in part because of the overall lower preva-
lence of CHD in women, and partly from the exclusion of women of childbearing age
and the presence of upper age limits on recruitment (6). The latter affects women dis-
proportionately, as coronary disease in women presents about a decade later than that
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in men (7). The second concept is that a multitude of gender-related confounding vari-
ables, such as age, comorbidity and clinical presentation, may affect decision making
and may also have as much impact on outcome as gender-related biological differ-
ences. Regression analysis may be utilized to allow independent sex assessment after
consideration of other variables.

GENDER BIAS IN DIAGNOSIS OF CORONARY DISEASE

Clinical Presentation
An evaluation of disease probability is the initial step of the diagnostic process and

may potentially explain bias in the investigation of coronary disease. Chest pain is usu-
ally the main presenting symptom in CAD, and gender differences in the clinical pre-
sentation of chest pain may lead to differences in diagnosis and subsequent
management, particularly among patients without a previous history of proven CAD
(8). Atypical chest pain is more common in women than in men, perhaps because of the
higher prevalence of microvascular and vasospastic angina in women and other causes
of nonischemic chest pain, such as mitral valve prolapse (9). Angina at rest, during
sleep, or stress-provoked are also more common in women (10). Even in patients who
present with typical angina, the likelihood of angiographically proven CAD is lower in
women (11). In the Coronary Artery Surgery Study (CASS), 62% of women with typi-
cal angina had coronary disease when compared with 40% with probable angina and
only 4% with nonischemic pain (12). These differences in clinical presentation influ-
ence the predictability of positive angiography findings in those who present with chest
pain. It is quite possible that lower referral rates to noninvasive and invasive testing
may reflect the perception that chest pain is a less reliable symptom in women (13).

Regardless the reason, there seems little doubt that physicians use different criteria
for managing chest pain in men and women. In a study of 720 primary care physicians
(14), recommendations were made about the management of patients with particular
characteristics portrayed by actors. Estimates of the CAD probability were lower for
women than men (64 ± 19% vs 69 ± 18%, p < 0.001), and women were less likely to be
referred for cardiac catheterization (odds ratio [OR], 0.60; 95% confidence interval
[CI], 0.4–0.9; p = 0.02).

Evidence shows that risk factors in women are more prevalent (15) and have a
greater correlation with CAD when compared to men. Diabetes is a strong predictor of
CAD in women (16,17). Intermediate predictors include hypertension (18,19), smok-
ing (20,21), central obesity (22), family history, and presence of peripheral vascular
disease. The assessment of CAD pretest probability might be enhanced by the combi-
nation of chest pain evaluation with the assessment of cardiovascular risk factors.

Noninvasive Diagnostic Testing
Noninvasive testing is employed in CAD diagnosis and risk stratification to iden-

tify those patients who will potentially benefit from further medical therapy or revas-
cularization procedures. There is a general perception among physicians that the
diagnostic accuracy of noninvasive testing is less reliable in women than their male
counterparts but this is imperfectly supported by evidence simply because women
have been underrepresented in published studies of noninvasive testing (23). Accu-
racy differences in each of the noninvasive testing modalities in men and women
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likely impact decision making regarding subsequent angiography and may therefore
be responsible for gender bias.

EXERCISE ELECTROCARDIOGRAM

The exercise electrocardiogram (ECG) remains the most widely utilized noninvasive
testing modality. Although exercise testing guidelines continue to recommend the exer-
cise ECG as an accurate test in women (24), evidence suggests that both the sensitivity
and specificity of exercise testing is lower in women when compared to men (25–30).
Furthermore, the incremental value of exercise testing to clinical data is of lesser sig-
nificance in women than men (31).

The perception of lower diagnostic accuracy of exercise testing—as with the clini-
cal presentation—may lead to a gender bias that influences both lower utilization of
this test or if the test is performed and positive toward less frequent female referral to
angiography. A recent paper from the Rochester Epidemiology Project (32) examined
a population-based cohort of 2624 exercise tests in Olmsted County residents. The
utilization of stress testing was lower in women than men across all age strata, being
1888 per 100,000 in men and 703 for women (rate ratio for men over women 2.7,
95% CI 2.5–2.9). At the time of initial testing women were more symptomatic and
had poorer exercise performance than men. The age-adjusted rate ratios for stress test
utilization were 2.8 (95% CI 2.5–3.0) and that for CHD mortality was 1.9 (95% CI
1.7–2.2).

The data regarding onward referral to angiography are conflicting. In a study of
840 patients (47% women) with suspected CAD, Shaw and colleagues (33) found
that 62% of men were referred to subsequent angiography in comparison to only 38%
of women (p = 0.002). Even after multiple logistic regression analysis, male gender
was identified to have an increased likelihood of follow-up testing (relative risk [RR]
1.9; 95% CI 1.6–6.0, p = 0.005). The consequence of this referral bias was that at 2-
year follow-up, women who had less follow-up and angiography referrals had higher
rates of cardiac mortality and nonfatal myocardial infarction (MI). On the other hand,
no bias was detected when a group of cardiologists from an academic medical center
were asked to predict the probability of any obstructive coronary disease, severe
coronary disease, and the survival probability in a cohort of 410 symptomatic outpa-
tients undergoing exercise testing for possible CAD (34). Although the 130 women
were referred for cardiac catheterization significantly less often than men (18% vs
27%, p = 0.03), this was explained by a lower rate of positive exercise tests and a sig-
nificantly lower pretest probability of coronary disease in women. Moreover, the car-
diologists neither underestimated coronary disease risk, nor the coronary disease
probability.

Although the results of exercise ECG testing are unfavorable, numerous steps may
be taken to minimize the reliance on ST response alone. Gender-specific criteria that
improve the accuracy of treadmill testing in women have been obtained by application
of the ST heart rate index. Integration with hemodynamic and functional capacity data
improves the predictive power of the exercise ECG in women (35), and the Duke tread-
mill score appears to be valid for the separation of high- and low-risk groups in both
sexes. To the extent that functional impairment (particularly likely in the elderly) may
compromise sensitivity, selection for pharmacological stress imaging tests may be a
better choice in many patients.
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NUCLEAR PERFUSION IMAGING

The higher diagnostic accuracy of stress perfusion imaging over conventional stress
electrocardiography in CAD detection in unselected groups has been defined for many
years with both thallium and technetium tracers (36,37). However, both sensitivity and
specificity of this imaging modality may be compromised in women (38,39). False-
positive test results may be because of breast soft-tissue attenuation artifacts, which
may mimic anterior and anterolateral perfusion defects (40). False-negatives may arise
because of the failure to resolve ischemic zones in the smaller female heart (41) and the
performance of submaximal exercise (42,43). As noted previously, a low threshold
should be applied to the decision to perform pharmacological testing in women
because of concern in the possibility of submaximal stress; pharmacological tests have
been shown to have equivalent accuracy (44,45) in women and men. There is no ques-
tion that the results of single photon emission tomography (SPECT) are prognostically
useful in women (46,47). Moreover, the diagnostic problems are not insoluble—exam-
ination of the unprocessed images is an effective means for recognizing artifactual
defects as false rather than true positive findings (48). The extent of perfusion defects is
related to the likelihood of significant disease and risk (49), and gated imaging has sub-
stantially improved specificity (50). Finally, some groups have integrated scanning
results with an assessment of disease probability (51).

It is unclear whether the possibility of inaccurate findings might influence subse-
quent decision making. In a study of 2137 men and 1074 women performed at Cedars-
Sinai Medical Center, it was found that more men than women were referred to
angiography (11% vs 7%, p < 0.001) after exercise dual-isotope SPECT imaging, but
after stratification by the amount of malperfused myocardium, the angiography rate
was similar (52). Interestingly, these results were almost simultaneously obtained in
another study of 1318 women and 2351 men who underwent exercise thallium SPECT
at the Cleveland Clinic (53). This study showed that angiography was less frequently
performed (6% in women vs 14% in men, p < 0.001), but this was for good reason—
women had a lower frequency of abnormal thallium results (8% vs 29%, p < 0.001).
After correction for these other variables in a multiple logistic regression analysis,
there was no difference in the referral rate to angiography between men and women
(RR 1.00, 95% CI, 0.75–1.34). In conclusion, although referral bias to angiography
exists following exercise testing, there is no evidence of its occurrence after nuclear
imaging procedures.

STRESS ECHOCARDIOGRAPHY

Stress echocardiography is now a well-established diagnostic test for CAD at many
centers and has proven to have at least equivalent accuracy to nuclear stress perfusion
imaging (54), with the additional benefit of being quite cost-effective (55). Stress
echocardiography also yields high specificity in women (56–58), and the only study
that showed a lower specificity demonstrated that specificity was actually 83–86% after
correction for verification bias (59). High specificity levels are important from a cost
standpoint, as they avoid unnecessary angiography and may be translated into better
cost-efficiency than standard exercise testing (58). A meta-analysis of studies from
1966 to 1995 (60) showed that exercise echocardiography had a weighted mean sensi-
tivity and specificity of 86% (95% CI 75–96%) and 79% (95% CI 72–86%), more
favorable than the exercise ECG—with a 61% sensitivity and specificity (95% CI
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54–68%) and 70% (95% CI 64–75%) and exercise thallium imaging—with results of
78% (95% CI 72–83%) and 64% (95% CI 51–77%). Nonetheless, the sensitivity of
exercise echocardiography in women may still be compromised by submaximal exer-
cise testing. In this situation, sensitivity can be improved by the adoption of pharmaco-
logical stress testing, although the reported sensitivity is less than in unselected
populations (61,62). Therefore, it appears that stress echocardiographic techniques
avoid the pitfalls of exercise ECG in a similar way (and perhaps even better) than exer-
cise SPECT. However, currently there is insufficient data whether these benefits trans-
late to avoidance of gender differences in angiography referral following stress
echocardiography.

ELECTRON BEAM COMPUTED TOMOGRAPHY (EBCT)
This test is presently in use for the detection of subclinical atherosclerosis and the

evaluation of symptoms suggestive of CAD (63). Generally, the absence of coronary
calcification is considered to be a sensitive marker of the absence of significant CAD,
but its presence may be explained by mild subclinical disease. Indeed, one early study
showed the results to reflect risk factor status, but only modest accuracy for angio-
graphic stenoses (64). Evidence does suggest that the sensitivity of coronary calcifica-
tion was less in women than men (65), perhaps related to lower pretest CAD
probability. Moreover, perhaps because women present at an older age than men, and
the finding of coronary calcification becomes less specific with increasing age, speci-
ficity may be as low as 50% (65–67). Although the combination with SPECT may not
increase EBCT accuracy (68), a widely applied investigative strategy is that patients
with a positive test undergo some other form of functional testing to clarify whether
significant stenoses are present. In this situation, the lower specificity in women may
impact onward referrals from positive tests. However, there is no current evidence that
a positive EBCT result is managed any differently in women vs than men.

Angiography As a Diagnostic Test
The results of coronary angiography have traditionally been considered to be the

“gold standard” test for CAD identification. Unfortunately, however, the reduction of
coronary flow by stenoses is influenced by vessel location, association with bifurca-
tions, and vessel curvatures and morphology, among other factors (69). Therefore, the
use of a single cut-off clearly cannot define coronary disease as the cause of patient
symptoms in all situations. Moreover, although the results of angiography form the
cornerstone to identify the highest risk levels (and thereby the patients who might be
best served by revascularization) (70), these criteria miss other patients at significant
risk, and other functional testing may be prognostically at least as powerful (71,72).
Finally, coronary angiography may not necessarily be applied appropriately for either
diagnostic or prognostic reasons. For all of these reasons, angiography referral may not
be a particularly good standard for evaluating the quality of care.

Nonetheless, coronary angiography may be seen as a necessary prelude to revascu-
larization decisions. Therefore, the study of how gender affects the difference in patient
referral to angiography and subsequent referral from angiography for further manage-
ment may help the understanding of the impact of gender bias on CHD treatment. In
several studies (Table 1), the performance of angiography is almost universally greater
in men than in women, although only the combination of these results with outcomes
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data can identify whether these findings imply underuse on women, overuse in men, or
both (8,33,52,53,73–78). Presently, 40–50% of women undergoing angiography are
reported to have normal coronary arteries (79), so that it is difficult to justify an unfo-
cused application of angiography in more patients.

Summary: Sources of Bias in the Diagnostic Evaluation of CAD
The initial evaluation of the quality of the pain and risk factors remains important in

the determination of CAD likelihood in women who present with chest pain (9).
Patients at high-pretest clinical risk (e.g., typical angina and multiple risk factors) war-
rant direct referral to angiography. Those with intermediate or low risk can be referred
for risk stratification by noninvasive stress testing. Those with positive stress test results
should be referred to angiography and based on the previous evidence, the use of stress
imaging approaches may reduce the perception of lower reliability and diagnostic accu-
racy of exercise ECG testing in women, thereby avoiding underreferral of women for
angiography. Female selection for angiography based on positive stress imaging results
as opposed to positive conventional stress ECG testing or clinical symptoms may mini-
mize costs of unnecessary investigations. At present, there are still insufficient data to
alter the recommendations for angiography in women in comparison to men.

GENDER BIAS IN MANAGEMENT AND OUTCOME 
OF CHRONIC CAD

Coronary Bypass Surgery
Table 2 displays a summary of the major trials that concerning gender influence on

the performance of myocardial revascularization (33,75,77,79–81). These data show
that women have a lower frequency of bypass surgery than men. This lower prevalence
for intervention may be explained by both the lower frequency of referral to noninva-
sive stress testing and initial angiography as well as less angiography despite positive
stress testing (as discussed previously). Importantly, however, after CAD diagnosis is
confirmed, revascularization rates are equal in men and women (82).

The decision to refer to surgery is based on the nature of the symptoms, the percep-
tion of the correlation between symptoms and severity of disease, and the operative
risks associated with surgery. The long-term survival after bypass graft surgery is simi-
lar in men and women (83,84). However, women are reported to have a higher mortal-
ity from cardiac surgery than men (85,86), with perioperative mortality in women
being reported to be twice that of men (87). Even in more recent data from the Bypass
Angioplasty Revascularization Investigators (BARI) trial (82), women have a higher
incidence of postoperative complications, including postprocedural MI and pulmonary
edema. Additionally, they enjoy less effective angina relief, and increased frequency of
graft occlusion (88). Some of these phenomena reflect the older age, instability, and
greater comorbidity of many female patients at presentation (5), as well as intervention
effects later in the course of disease, the atherogenic milieu and especially the smaller
size of grafted vessels in women.

In the context of these differences, surgery avoidance may merely reflect good clinical
judgement to avoid surgery in situations where there is a high risk to benefit ratio, rather
than true gender bias. Indeed, when all these variables were taken into account, Bickell
and colleagues (81) examined nearly 6000 patients from Duke University and found no
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gender difference exists between men and women referred to surgery (46% and 44%,
respectively). However, among low-risk patients, more men were referred to surgery with
an OR of 1.23 (95% CI, 1.05–1.58). Among high-risk patients, the contrary occurred,
with more women referred to surgery, OR 0.84 (95% CI, 0.68–1.04). This observation
may suggest that men were overtreated, whereas women were referred more appropri-
ately for surgery. Similarly, 74% (95% CI, 71–77%) of 631 patients who met the RAND
expert panel criteria for necessary revascularization actually underwent revascularization,
irrespective of patient gender, ethnic group, or payer status (89).

In summary, the indications for coronary bypass surgery should be reserved for
those patients with symptoms refractory to conventional medical therapy, those with
failed or complicated percutaneous angioplasty, and those with left-main CAD or mul-
tivessel disease with reduced left ventricular function in both men and women. Factors
that influence the risk of the procedure and likelihood of success should also be taken
into account—including the age of the patient, the presence of comorbidity, availability
of suitable conduits and targets, and the demonstration of inducible ischemia on nonin-
vasive stress testing. Although differential rates of surgical revascularization have been
shown, this may reflect the application of these principles and good clinical judgement,
rather than gender bias.

Coronary Angioplasty
Women referred to angioplasty present at an older age, with greater comorbidity and

more severe unstable symptoms (90,91), which reflect the older presentation of coro-
nary disease in women as well as the difficulties of interpreting symptoms. This may
delay diagnostic investigations, as described previously. Not surprisingly, the initial
studies that compare the efficacy of angioplasty between genders showed women to
have a greater mortality with the procedure than men. In the National Heart, Lung and
Blood Institute (NHLBI) report, women who underwent angioplasty had a mortality
three times that of men, and on multivariate analysis, female gender was an indepen-
dent correlate of mortality (92). However, modern technology improvements and the
accumulation of experience have led more recent data to suggest that the efficacy of the
procedure has improved in women, so that the long-term prognosis after successful
coronary angioplasty is excellent and similar to that of men (93). In the BARI trial, the
angioplasty success rate was actually higher in women than men (76% vs 71%, p <
0.01), and this was achieved at a lower mortality (82).

Several studies have suggested that women are referred to angioplasty rather than
bypass surgery. For example, in a study of 22,795 patients at the Mayo Clinic, more
women were referred to angioplasty whereas more men underwent bypass surgery
(91). However, once again this may be a reflection of good clinical judgement rather
than gender bias, because of the higher mortality rates noted in women undergoing
surgery, so that angioplasty may be the therapeutic option of lower risk.

GENDER BIAS IN DIAGNOSIS AND MANAGEMENT 
OF ACUTE CORONARY SYNDROMES

MI
The results of follow-up studies post-MI suggest that men have a better prognosis

than women, at least in the short term. In the Framingham Heart Study, 30-day mortal-
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ity rates were higher in women than in men (28 vs 16%), as were the early reinfarction
rates (25% vs 22%; 94). These differences reflect the older age at presentation of
women, greater comorbidity (95), and smaller coronary arteries even after correction
for other aspects of body habitus—given the differences in biology between men and
women, they do not necessarily indicate undertreatment. Nonetheless, these greater
risks highlight the greater need for careful risk stratification in women postinfarction.
However, other causes of adverse outcome include factors like later presentation and
less rapid infarction recognition (96–98), that reflect differences in awareness and pre-
sentation that are amenable to intervention.

Acute infarction should be treated with thrombolytic therapy or primary angioplasty,
depending on the availability of resources on a timely basis. Primary angioplasty is
specifically indicated in the presence of contraindications to thrombolysis or infarction
associated with hemodynamic compromise (99,100). Very little data is available
regarding the gender influence in patients after primary angioplasty. Antoniucci et al.
(101) found the 6-month mortality rate was 12% in 230 women and 7% in 789 men (p
= 0.03), with nonfatal reinfarction in 3% and 1%, respectively (p = 0.01). However,
these differences likely reflected the older age of women, as well as a greater diabetes
incidence and cardiogenic shock, so that after multivariate analysis, gender did not
emerge as a significant variable in relation to 6-month mortality.

Although thrombolysis offers benefit to both men and women (102), this benefit
appears to be less marked in women (95). For example, the ISIS-2 trial showed a 45%
reduction in mortality in men who received streptokinase plus aspirin, in comparison to
only 31% reduction in women (103). Women have been reported to have a lower ten-
dency to be receive thrombolysis than men (104), but given the older age of presenta-
tion, greater comorbidity, lower perceived benefit and higher intracranial bleeding rates
(105) in women, this may not so much represent gender bias than good clinical judge-
ment of the balance of thrombolysis benefits with higher RR.

The current American Heart Association/American College of Cardiology
(AHA/ACC) guidelines on the treatment of MI suggest that invasive and noninvasive
strategies are equally justifiable. However, whatever strategy is used, early risk stratifi-
cation is appropriate because the majority of complications occur early in the course.
Patients that receive thrombolytic treatment have fewer subsequent events, but despite
their lower risk status, appropriately powered studies show that risk stratification is still
valuable after thrombolysis. Maximal symptom limited stress testing is preferred over
submaximal testing because it offers better assessment of functional capacity and
nearly doubles the yield of ischemic responses (106,107), but if the patient is unable to
exercise, pharmacological stress imaging studies are a promising alternative (108,109).
Whether studies exist that address any gender-based variation in the performance of
these investigations is unknown.

Table 3 summarizes studies that have examined gender’s role in the referral of
patients to coronary angiography following infarction—most have shown that men
have a greater tendency to undergo angiography than women (96,110–118). Udvarhe-
lyi and colleagues (110) examined 218,000 patients, of whom 28% of men but only
18% of women underwent angiography post-MI, giving an OR of 1.22. In 1994,
Kostis and colleagues (111) examined more than 42,000 patients and found that fre-
quency of angiography in men was 32% in comparison to 18% in women, with an OR
of 1.39 (95% CI, 1.32–1.47). Similarly, in a study performed by Chirboga and col-
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leagues (113) on 4763 patients with MI, 12% of men and 8% of women were referred
to angiography (OR 1.46, 95%CI, 1.18–1.80).

In contrast, Krumholz and colleagues (112) have reported contradicting data that
there are no gender differences in the use of angiography post-MI. In this study, which
included 2473 patients (45% women), the angiography frequency in men was 34%
when compared with 22% in women, giving an OR of 1.01 (95% CI, 0.89–1.33). In a
smaller Scottish study with 3.5-year follow-up, the frequency and mortality were simi-
lar in both genders, as were the proportions returning to work after 1 year. Moreover,
other aspects of care (admission to a monitored bed, inpatient cardiac rehabilitation
and risk factor intervention) appeared the same in both groups (119). In a substudy of
the Survival and Ventricular Enlargement (SAVE) trial with 1842 men and 389 women,
Steingart and colleagues (115) reported that more men than women (27% vs 15%, p <
0.001) were referred to angiography before their index MI, despite greater functional
disability from angina in women. However, during index MI, both men and women had
equal rates of undergoing angiography. These findings are consistent with the “Yentl
syndrome” phenomenon previously discussed, whereby once disease is diagnosed, no
difference in management is witnessed. Table 4 emphasizes revascularization fre-
quency after infarction in men and women (96,110–113,115,117,118,120), which
shows comparable management by PTCA—gender issues may limit the use of bypass
surgery, also discussed previously.

Angiography should be recommended for patients refractory to medical therapy
(e.g., those with failed thrombolysis with potential benefit from rescue angioplasty), in
patients with a complicated clinical course (e.g. hemodynamic instability), or to those
considered to be at high risk (e.g., presentation with heart failure, significant left ven-
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Table 3
Relationship Between Gender and Angiography After MI

Cath rate RR Other predictors of 
Author n Women (M|W) (M|W) angiography

Udverheyli (110) 218427 50% 28%|18% 1.22 Age, race, sympt, HT,
DM, CHF, COPD

Kostis (111) 42595 24% 32%|18% 1.39 Age, race, HT, DM, CHF,
rhythm dis, medical dis
(e.g., COPD)

Krumholtz (112) 2473 45% 34|22% 1.01 Age, FC, EF
Chiriboga (113) 4762 39% 12%|8% 1.46 Age, HT, DM, CHF,

symptoms
Dellborg (114) 1515 33% 1.9%|0.2% —
Maynard (96) 4891 34% 58%|40% —
Steingart (115) 2231 17% 27%|15% 1.87
Kilaru (116) 439 40% 63%|64% 0.97 Age, ACC/AHA class but 

not gender
Oka (117) 3016 33% 60%|50% 1.50
Kudenchuk (118) 1097 22% 76%|67% 2.0 Age, symptoms, heart 

rate, ST elevation, past
bypass surgery

CHF, congestive heart failure; DM, diabetes mellitus; EF, ejection fraction; HT, hypertension; COPD,
chronic obstructive pulmonary disease; FC, functional capacity.



tricular dysfunction, or where stress testing shows ischemia). There is no evidence base
for a systematic selection of men rather than women for angiography, and based on
current data, the same indications for angiography apply to both men and women
postinfarction. Although some studies show that women are referred to angiography
less than men, it is difficult to elucidate whether this is the result of true gender bias or
can be justified by clinical characteristics. Overall, women present with higher inter-
vention risks, with greater age and comorbidity, and so their subsequent lower referral
rates may reflect good clinical judgement rather than gender bias.

Unstable Angina
Unstable angina is a clinical syndrome characterized by a change in the previously

stable pattern of angina, manifest as chest pain at rest, at a lower exertional threshold,
or with increased frequency and intensity. The underlying substrate for unstable angina
is plaque rupture with subtotal occlusion of a coronary artery by a platelet-rich throm-
bus overlying a complicated plaque (121). The place of angiography and interventional
therapy is currently contested. Standard practice involves the use of intravenous
heparin and nitrates, with referral to coronary angiography and intervention if medical
treatment fails, and in those considered high risk because of their clinical course, bio-
chemical findings or positive stress testing results (122). Although more recent studies
have suggested that an interventional approach is of prognostic benefit (123), an early
invasive strategy did not reduce the risk of future events among women when com-
pared to men (124).

In 1991, Ayanian et al. (75) examined the gender differences in the utilization of
invasive diagnostic and therapeutic procedures between men and women with CAD.
The retrospective study analyzed nearly 83,000 patients hospitalized in Massachusetts
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Table 4
Influence of Gender on the Performance of Percutaneous Intervention

PTCA CABG RR of RR of 
Study rate rate PTCA CABG 

Author group n Women (M|W) (M|W) (M|W) (M|W)

Udverheyli (110) Post-MI 218427 50% 21%|22% 32%|27% 0.94 1.15
Krumholtz (112) Post-MI ?2473 45% 55%|51% 21|16% 0.86 1.54
Chiriboga (113) Post-MI ?4762 39% 3.4%|1.0% 1.5|1.1 2.48 1.02
Kostis (111) Post-MI 42595 24% 6.9|3.5 10.4|6.0 — —
Maynard (96) Post-MI 4891 34% 22%|14% 11%|8% — —

MI/Post-
cath 38%|36% 18%|20% — —

Steingart (115) Post-MI 2231 17% — 13%|6% — 1.84
MI/Post-

cath — 46%|38% — NS
Johnstone (120) Post-MI

(LV dysf) 2568 20% — 30%|24% — —
Post-MI 4215 13% — 41%|28% — —

Oka (117) Post-MI 3016 33% — 56%|51% — NS
Kudenchuk (118) Post-MI 1097 22% 33%|29% 15%|11% NS NS

LV dys, left ventricular dysfunction.



and Maryland. After adjustment for age, race, insurance status, and primary and sec-
ondary diagnosis, the study concluded that more men (28%) than women (15%) were
referred for coronary angiography. Subsequently, men also underwent more revascular-
ization procedures than women. Similar findings have been reported more recently by
Roger et al. (125). In a study of 2271 Olmsted County residents who presented with
unstable angina, men were more likely than women to undergo noninvasive cardiac
tests (RR 1.27; 95%CI 1.14–1.40), as well as invasive cardiac procedures (RR 1.72;
95% CI 1.51–1.97). Women had a worse outcome than men, but after multivariate
adjustment, male sex was associated with greater risk of death (RR 1.23; 95% CI
0.99–1.54) and cardiac events (RR 1.21; 95% CI 1.03–1.42).

The cause of this discrepancy is incompletely understood, but it may reflect insecu-
rity to the overdiagnosis of unstable angina in women. This has at least two explana-
tions—women with chronic stable angina show a greater incidence of rest angina,
nocturnal angina, and angina provoked by mental stress (126), as well as having a
higher prevalence of vasospasm, microvascular disease, or noncardiac chest pains.
However, the findings in the Thrombolysis in Myocardial Infarction (TIMI IIIb) study
show that at least 25% of women who present with unstable angina have normal coro-
nary arteries when compared with 16% of men (127). Interestingly, there seems to be
no gender differences in male and female treatment once CAD diagnosis has been
established in women. This phenomenon known as the Yentl syndrome seems to sug-
gest that a confirmed diagnosis of heart disease in women alters the physician’s attitude
in treating women in a manner similar to men (128).

The presence of gender bias in unstable angina is difficult to assess because of dif-
ferences in the significance of rest angina in men and women. Perhaps the development
of inflammatory markers may help in the distinction of rest angina resulting from these
features and the more hazardous situation of plaque rupture. However, currently, insuf-
ficient data exist to alter the current referral guidelines between gender.

CONCLUSIONS

To date, the evaluation of gender bias in the diagnosis and management of CAD is
difficult because women have been underrepresented in many studies. The different
clinical presentation, greater comorbidity, greater operative mortality, and less reliable
noninvasive testing in women may affect a physician’s attitude and approach to CAD
management in women. The majority of the existing data indicate that the frequency of
diagnostic angiography and subsequent therapeutic intervention is less in women. It is
controversial to decide whether this observed difference reflects true gender bias or
whether it reflects merely good clinical judgement to reduce risks. Insufficient data
exist to justify the different treatment of women and men in acute or chronic CAD.
Sound clinical judgement with the incorporation of factors other than gender should be
taken into account in the patient selection for invasive intervention.
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INTRODUCTION

The origins of the broadly based interest in women’s health issues can be traced to
three main causes:

1. The emergence of women into more prominent societal, professional, and public service
roles.

2. Significant advances in the scientific fields of reproductive medicine, endocrine physiol-
ogy and pharmacology, and diagnostic technology.
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3. The recognition by public and private health care payers that women’s health is big
business.

The health care industry has recognized that women are a major interest group in
family health care decision making (1). It is estimated that 70–80% of health care is
delivered to or controlled by women, making them a formidable market force with sig-
nificant influence on health care utilization and profitability (2). Yet often, women’s
health care needs were not adequately addressed by traditional health care systems
based on a male model of care, with resulting negative impact on their outcomes (3).

The biomedical and health care communities have responded to these major trends
in US heath care in several ways. Curriculum reform intended to improve physician
training through the integration of gender-specific information has been implemented
in several specialties. Indeed, women’s health, once thought of in terms of
obstetrics/gynecology (OB/GYN) practice, has earned a place as a subspecialty or clin-
ical focus of internal medicine, family practice, and other specialties. Conversely, 4-
year OB/GYN residencies are now required to provide 6-month primary care (4). An
increasing number of women are entering medicine and the biomedical research pro-
fessional workforce, thus influencing attention to women’s issues.

The impact of women’s power as consumers has not been lost on the business com-
munity. The altruism and business interests of large pharmaceutical firms with signifi-
cant financial interest in women as consumers of their products has fostered the
development of large media campaigns that target gender-focused conditions affecting
mortality, morbidity, and quality of life.

The paucity of gender-focused research was addressed through increased research
funding at the basic translational and outcomes levels to augment evidence in women’s
health. Similarly, public health efforts by governmental and nongovernmental organiza-
tions (NGOs) to benchmark and improve access and delivery systems for women’s health
care, nationally and internationally has contributed to the development of women’s cen-
ters. By establishing diverse women’s health care advocates drawn from the public, pri-
vate, and professional sectors with focused interests and expertise on one or more of these
areas, it is hoped that these activities will lead to improved health among all women.

What began in the latter part of the last century as a “movement” has evolved into an
evidence-based standard of practice, with established benchmarks for services, quality,
accreditation and outcomes. The field of women’s health is complicated by the facts that:

1. Scientific advances are a rapidly moving target with which providers, payers, and
patients (consumers) must constantly struggle to keep pace.

2. Women, as a subset of the US population and the global population, are a highly hetero-
geneous target group, whose health risks and needs vary widely by age, socioeconomics,
geography, genetics, and interest level.

3. Competitive market forces and contradictory evidence of risk and benefit, fueled by pop-
cultural and media-marketing influences, create confusion among expert and ingénue
consumers alike as to the best practices in a wide range of fundamental and niche areas.

4. Successes (screening mammography) and failures (hormone replacement therapy [HRT]
for secondary coronary event prevention) may not be evenly or equally reported. “Sex
sells,” and gender-based scientific reports may garner greater interest and lower peer
scrutiny in the lay and medical presses. Unrecognized biases and overt fraud may
degrade this literature, along with other subjects.
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WHAT’S DRIVING WOMEN’S CARDIOVASCULAR 
HEALTH CARE?

Because women control the majority of health care decisions, they have a direct
impact on the traditional provider’s revenue stream. Additionally, women are leaders in
a consumer dynamic that is changing health care. It is estimated that 42% of women
utilize complementary therapies, and approx 52% utilize the Internet (2). These market
forces, in combination with women’s increasingly busy lives, are indications that
health care providers must consider adapting in meeting the increased consumer
demand for accessibility or lose their business to other sources of care and information.

In planning women’s health services, consideration must be given to demographics
and market trends. For instance, 21% of women report feeling “super-stressed” vs 15%
of men; the average woman sleeps 20% less than her grandmother did; and, 70% of
health care visits by women can be traced to stress-related causes (2). The ethnic
makeup of the female population is projected to change from a predominantly (71%)
white demographic today to a 47% minority population by 2050. The aging of this
population from primarily childbearing age to menopausal and postmenopausal demo-
graphic, combined with increased ethnic diversity among women, has many implica-
tions for providers. Ethnic and cultural influences, as well as gender influences, will
become a more prominent component of health care in terms of incidence of disease,
treatment responses, and competence in working with a diverse population. The
emphasis on reproductive health, long the dominant force in women’s health, will be
replaced with a focus on gender-specific specialty programs, postmenopausal services,
and wellness and lifestyle preservation (2).

PROMOTING HEALTH AND WELLNESS IN WOMEN

The emerging care model for women extends well beyond the obstetrical experi-
ence, addressing the life continuum from adolescence through maturity. The model that
women want, and that fits best with their emerging leadership in the consumer market,
is one that embraces a wellness philosophy that is directed in partnership by the woman
and her health care provider.

Access to basic primary care services is key to women’s cardiovascular health. In
2001, The National Women’s Law Center published a national and state-by-state
report card regarding women’s health in an attempt to assess women’s overall health
status. According to the report, women’s accessibility to health services is severely
compromised by inadequate health insurance coverage. Nearly one in ten persons
lives in a “medically underserved area,” with limited access to primary care, and only
one state has adequate policies that affect reimbursement for prescription medica-
tions. In terms of cardiovascular health, no state has met the national goals for
increasing physical activity, reducing overweight status, and improving diet; and, no
state has met the goal for reducing the percentage of women with hypertension. Min-
nesota, the state with the best ranking for women and heart disease, where 65.4 per
100,000 women died of coronary heart disease (CHD) when compared to Missis-
sippi, where 141.2 per 100,000 died (5). Beyond lost lives, CHD takes a huge eco-
nomic toll, with an estimated cost of $326.6 billion in 2000 in health-related outlays
and lost productivity (6).
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CARDIOVASCULAR HEALTH AS A WOMEN’S HEALTH ISSUE

Currently, three major trends influence women’s health care. Increasing evidence of
the health and financial advantages of prevention has resulted in payers’ and providers’
focus on health promotion and education. Managed care systems have emerged and
continue to evolve as primary insurers within the goal of cost control. The emphasis on
outcome-focused care has increased funding for female-focused health research (7).
The study of chronic conditions affecting women is another factor that influences
women’s health programs. For the first time, the causes of mortality and morbidity
among postmenopausal women (age 50–79) are under investigation. The National
Institutes for Health’s (NIH) Research Agenda is a primary factor of this trend, through
their emphasis on disease prevention, health promotion, and directives to include
women in clinical trials. The NIH established the Women’s Health Initiative (WHI) in
1991. This 15-year initiative is one of the largest US prevention studies of its kind, with
$628 million projected funding.

Epidemiological studies and randomized clinical trials provide evidence that CHD is
largely preventable. Health promotion and wellness behaviors have been directly asso-
ciated with positive cardiac health. Stamper et al. (8) applied data from the Nurse’s
Health Study over a 14-year period to assess the effect of a combination of lifestyle
practices on the risk of CHD and stroke. Among women, this study found that adher-
ence to lifestyle guidelines involving diet, exercise, and smoking abstinence was asso-
ciated with a risk of CHD more than 80% lower than in the rest of the population. The
single most important factor was smoking, with a relative risk of 5.48 for those smok-
ing 1–14 cigarettes per day vs nonsmokers.

Although heart disease is recognized by the health care profession as the leading
cause of death for postmenopausal women, disease severity and potential is not well
understood by the general public. Mosca et al. (9) concluded that most women do not
perceive heart disease as a substantial health concern and report that they are not well-
informed about their risk. Of the 1000 respondents in this study, 61% rated cancer as
the greatest health problem for women vs 8% who cited heart disease or stroke. Gener-
ally, cancer was the disease that caused the greatest worry to the most women (30%,
followed by breast cancer (28%), heart disease (22%), and heart attack (20%).
Although over 70–90% of women believe they discuss heart disease and prevention
with their health care provider, less than 30% reported doing so (9,10). Significantly, a
majority of women reported that they were not well-informed about heart disease pre-
vention. Of those who did have information, magazines were identified as the major
source of information (43%), followed by television (24%), and health care providers
(18%).

This information underscores the importance of incorporating cardiovascular health
promotion into women’s health encounters. Likewise, evidence of gender differences
regarding cardiac disease onset, intervention, and management must be considered
across all practice settings. Cardiovascular disease (CVD) is more lethal and less
aggressively treated in women than in men (11). Intragender differences, such as
higher risk of stroke, hypercholesterolemis, diabetes, and obesity among minority
women also affect CVD risk. Gender and ethnic differences in factors, such as the
implications of lipid levels, onset of disease, and presenting symptoms, further support
the integration of cardiovascular health into women’s health center programs.
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Designing meaningful primary care services that women want and need requires a
combination of replicating successful evidence-based health and wellness program-
ming with market research. Most surveys regarding ideal women’s health programs
identify convenience, a wholistic approach to care, and amenities as components that
are important to women. Although many programs offer female practitioners as an
additional marketing advantage, research shows that provider gender is not a primary
concern for women. Only 17% actually select a provider based on gender (12). The
female majority indicate that attention to their concerns and provider empathy are more
important attributes than gender.

TECHNOLOGICAL ADVANCES

A variety of technological advances have also influenced the progress of women’s
health care and have influenced the development of women’s health specialty centers.
Examples of such advances are as follows:

1. Therapeutic
a. Isolation and characterization of the estrogen receptor

• Target for antagonist and agonists (Rx)—natural, synthetic, and mimetic
• Tissue distribution of receptors in health and disease—tumor growth-modulating

effects (direct or indirect)
b. Pharmacological modulation of the female reproductive cycle

• Menstrual cycle
• Birth control
• Secondary effects (i.e., immunological)
• Ovarian failure (drugs, surgical techniques, egg harvesting, artificial insemination,

and so forth)
c. Dose-response variability

• Efficacy of Rx (different dosing)
• Safety of Rx (biodistribution)
• Teratogenicity (thalidomide)
• Toxicity (end-organ differences, cytotoxicity profiles, and so forth)

c. OTC market
• Direct marketing to patient
• Common illnesses
• Local pharmacy

2. Devices and techniques
a. Surgical approaches

• Anatomy differences
• Left internal mammary artery (LIMA), coronary artery bypass grafting (CABG)

b. Implantable devices
• Sizing constraints (stents)

c. Trends
• Ultrasound/noninvasive
• Minimally invasive (laparoscopic)

d. Percutaneous
• Delivery systems (vascular, other)

e. Prosthetics
• Cosmetic and reconstruction
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• Materials testing
• Breast-augmentation surgery

3. Diagnostics
a. Home testing

• Privacy issues (reproductive), convenience
b. Screening approaches

• High-risk populations (mandated)
• General recommendations
• Standardized/credentialed, facilities/regs (pap smears, mammography, and so

forth)
• Payer recognition of cost efficiency

c. Noninvasive imaging
• Ultrasound (± contrast agents)
• Nuclear medicine/radiotracers/software
• Attenuation, hardware
• Echocardiogram (ECG) gating, resolution of single photon emission tomography

(SPECT)/photon emission tomography (PET), and so on.
• Computed tomography (CT; mammography)
• Digital data
• Mammoscintigraphy (Tc99m cardiolite)

d. Information technology (IT)
• Web-based (Web MD, Mayo, and so on)
• Tele-medicine (telepathology, pap)
• Consumer driven (general inquiry, comparison shopping, and so forth)

Although technology has significantly improved women’s health outcomes and life
expectancy, it has also created service delivery challenges because of increased
demand for services and lack of reimbursement resources. These technological
advances and benefits of screening tests, such as pap smears and mammograms, have
been instrumental in transitioning women’s health care from episodic, system-based
medical visits to regular, routine, prevention-focused care.

DESIGNING AN EFFECTIVE WOMEN’S 
CARDIOVASCULAR HEALTH PROGRAM

Effective delivery of women’s cardiovascular services requires that health care sys-
tems and/or practices have a strong organization commitment to improving women’s
health outcomes. The founders must be prepared to invest the resources necessary to
deliver top-quality, convenient services in an environment that women value. From the
outset, it is extremely important to capture patient outcomes data that can be used to
benchmark quality and performance to parent organizations, payers, national data
repositories, and government watchdogs. Underresourced or virtual women’s health
care delivery programs that do not significantly consider quality, fail to document their
positive results, or lack commitment to task, are generally ineffective and destined to
fail in the future.

It must be recognized early in the planning process that such commitment requires
significant investment, and financial returns will not be immediate. A careful capital-
budgeting process must also be in place to assure that the providers are equipped with
the best in modern health care technology, and practice facilities are state-of-the-art.
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However, chasing every new diagnostic and therapeutic advance can lead to bleeding
edge, not leading edge performance. Every effort should be made to assemble a team
of highly trained and experienced providers, who are each individually committed to
their own specialized tasks within the broader mission of the women’s health care prac-
tice. The growing number of credentialed graduate medical and nursing education pro-
grams in women’s health are a rich source of well-trained and expertly mentored health
care professionals.

Although advanced training and modern technology are important, around-the-clock
health care provider availability and high-practice site ambiance are frequently cited as
key attributes by women health care consumers. As with any business, practice location
is a critical element to provide convenient public services. Operating hours must take
into consideration the business hours of working women, the school-day schedules of
students, and the desirability of offering limited services on holidays. Administrative
and support staff who present the practice to patients and families on a daily basis are
often the greatest attribute of any women’s health care practice.

It is also important that insurers, press, and local health officials come to recognize
the importance of cardiovascular health to their women constituents, which requires a
continual education process. The women’s health message is now being consistently
delivered by nonprofit organizations with the mission of promoting good health at both
the regional and national levels, such as the American Heart Association (AHA).
Development is the major source of funding or the educational efforts and public
awareness campaigns of the organizations. Although corporate donors, foundations,
and endowments are critical contributors, the practice must also participate in such pro-
grams and be generous with its in kind and actual giving activities.

Those forming a women’s cardiovascular program should therefore initiate effective
business planning, raise public awareness on the subject, participate in philanthropy,
and keep pace with emerging technology. Successful and progressive practices in the
area of cardiovascular women’s health care have usually mastered all of these facets of
new practice development.

A LIFESPAN APPROACH TO CARDIOVASCULAR HEALTH

Cardiovascular health is just one component of women’s health. Because of its
significance to women’s health, it is important to consider the mechanisms to incor-
porate cardiovascular health into all stages of the health care continuum. Risk
assessment, health promotion education, and appropriate and timely referral is
essential in maintaining optimal cardiac health, yet may be challenging to opera-
tionalize in practice. Table 1 summarizes the range of services that can be featured,
separated by age.

PRIMARY PREVENTION

The health care setting is one venue for primary prevention activities. Ideally,
health promotion interventions in the primary care setting complement those in
place through public health initiatives and other community venues. At a minimum,
health promotion education and support for lifestyle change should be incorporated
into the primary care visit. Risk reduction information in primary care encounters
should include:
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• Smoking prevention/cessation. An estimated 60,000 women die each year from smoking-
related heart disease (13). Tobacco use impacts women’s health throughout the lifespan.
Elementary school-age initiators of cigarette smoking are least likely to attempt to quit or
successfully quit and are most likely to smoke as adults (14).

• Increase physical activity. More than 50% of women are inactive. Sedentary lifestyle has
been linked to a 1.5–2.5 fold increased risk of CVD (10,13). Yet, reported areas for phys-
ical activity is generally higher among men than women, with lack of time, feeling tired,
and lack of motivation being the most commonly cited barriers to exercise (15). Inactivity
begins early, as activity levels drop sharply during adolescence. Despite the proven bene-
fits of physical activity, only New Jersey requires students in grades 9–12 to take 4 years
of physical education (5).

• Weight reduction. Obesity significantly affects cardiovascular health. Data from the
Nurses’ Health Study indicates that women who gain more than 20 pounds after age 18
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Table 1
Services to Consider in Women’s Health Programs

Adolescent Services:
• Assessment of risk taking behaviors (motor vehicle behavior—seat belt use, helmet use,

unsafe sexual practices, and risk of STDs, HIV, pregnancy, and ATOD use)
• Exposure to violence—intimate partner violence and violent home/school/work environment
• Depression and suicide risk. (Suicide is third leading cause of death)
• Nutrition—screening for disordered eating (anorexia, bulimia, and overeating)
• Routine health screenings—immunizations, growth, iron status, scoliosis, and so forth.
• Cardiovascular health—blood pressure, cholesterol, and obesity interventions

Young/Early Adult Services:
• Preconception health
• Interconceptional counseling
• Well woman exams, including screenings for STDs, cervical cancer, breast exams, and risk

factors associated with the development of chronic disease conditions
• Infertility assessment
• PMS, perimenstrual symptoms, and dysmennorrhea
• Mental health screening, including depression, anxiety, stress, and ATOD use
• Exposure to interpersonal violence

Midlife and Postmenopausal Services:
• Physical/psychological changes associated with perimenopause/menopause
• Knowledge deficits related to physiological changes
• Identification of risk factors associated with CVD
• Mental health screening, including depression, anxiety, stress, and ATOD use
• Exposure to interpersonal violence
• Mammography
• Bone densitometry/osteoporosis screening and interventions
• HRT

Other Services: Self-Advocacy Activities Across Populations
• Special events, including educational programs, resource libraries, and newsletters
• Evidence-based information related to complementary therapies
• Cosmetic surgery
• Services for populations with special needs (i.e., culturally competent programs for minority

and immigrant women, women with disabilities, and so on)



increase their risk of coronary disease by 30% (16). Approximately 11% of children are
overweight, and an additional 14% are at risk for being overweight (17). Disease risk
increases as body mass index (BMI) exceeds 25, however, even a 5–10-pound weight loss
can be cardioprotective (16,18).

Interventions that targeting modifiable risk factors should be designed to meet the
needs of women at each developmental stage. Addressing nonmodifiable risk factors,
from the standpoint of individual risk, can serve as a motivator (19).

Women utilize a variety of health care providers to obtain reproductive and nonre-
productive health care. According to the Commonwealth Fund Survey of Women’s
Health, 33% of women reported seeing both a family practitioner or internist and an
OB/GYN; 16% saw only an OB/GYN, 39% saw only a family practitioner or internist,
3% saw only other specialists, and 10% had no regular physician (20). Therefore, it is
important for health care providers in these specialties to be cognizant of cardiovascu-
lar risk factors, lifestyle modifications, current recommendations, and interventions
pertinent to women.

Currently, there are three models of primary care women’s health centers: (1) hospi-
tal owned/operated centers in community hospitals and academic centers; (2) indepen-
dent-for-profit centers founded by physicians, advanced practice nurses, or
entrepreneurs, and marketed to privately insured women; and (3) community-based
nonprofit centers. Six case studies of primary care women’s health centers in the
United States found the centers usually functioning at full capacity, require little mar-
keting to attract patients, and have high patient satisfaction. One study comparing three
women’s primary care centers with three internal medicine practices found that women
accessing care at the centers received more clinical preventive services, more preven-
tive counseling, and reported higher satisfaction levels than women attending tradi-
tional internal medicine practices (4). Health care providers may be challenged to
consider more integrated models of care that address women’s total health needs in
order to be competitive in the women’s health market.

BUILDING THE TEAM—AN INTERDISCIPLINARY 
MODEL OF CARE

Interdisciplinary integrative models of care consider the whole person in relation to
health and utilize a team approach to health care. This model requires health care
providers to work on a team where “individual members understand cognitive maps of
other members and try to modify their perspective in light of the other’s perspective”
(21). This differs from a unidisciplinary model in which providers function individu-
ally and from a multidisciplinary model where “individuals representing different
professions work together as a team” (21). The interdisciplinary team works interde-
pendently with each other to provide care, contrary to unidisciplinary and multidisci-
plinary teams where members remain highly autonomous. Interdisciplinary
collaboration requires providers to interact with each other toward patient-centered
outcomes. Providers in interdisciplinary practices have an intimate understanding of
one another’s disciplines.

Unidisciplinary models of care have been the most common in medical care. Multi-
disciplinary models have often been employed to provide care to clients with complex
medical problems or with at-risk populations for poor outcomes. Interdisciplinary
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teams are the most time-intensive to form, but have significant potential to affect
patient outcomes and differentiating practice.

An integrative model forms the basis of a comprehensive framework for women’s
health assessment and health maintenance across the lifespan (22). It requires the
provider to view the woman as a whole person on a continuum of health at a given
point in the lifespan. At a minimum, the integrated team of women’s health experts
consists of physicians and/or advanced practice nurses, nurses, behavioral health
experts, lifestyle change consultants, and nutritionists. Access to specialists in various
services that affect women’s health, such as cardiology, endocrinology, gerontology,
bone health, and other services are essential to the team. The integrated approach
accomplishes the following outcomes in addressing CVD prevention.

• Incorporates biological, psychosocial, environmental, and professional sciences into a
“whole person” understanding of health.

• Incorporates linkages between prenatal, childhood and adult health throughout the lifes-
pan that includes health promotion, disease prevention, and disease management (22).

• Addresses a full range of issues that impact health throughout the continuum.

THE ROLE OF ADVANCED PRACTICE NURSES 
AND PHYSICIAN ASSISTANTS IN IMPROVING PATIENT 

AND FINANCIAL OUTCOMES

Advanced practice nurses (APNs) and physician assistants (PAs) have been shown
to effectively expand practice capacity and profitability while enhancing patient out-
comes. The term APN encompasses nurse practitioners in all specialties, clinical nurse
specialists, and certified nurse midwives. Typically, APNs are educated within their
specialty at the Masters level, have completed extensive didactic coursework and pre-
cepted practicum experiences beyond that of the registered nurse, achieved national
certification in their specialty, and meet state Board of Nursing requirements for prac-
tice. Considerable clinical literature supports the claim that primary care nurse practi-
tioners (NPs) can satisfy the medical needs of 50–90% of the ambulatory patient
population. According to the Office of Technology Assessment Report (23), NPs can
deliver as much as 80% of primary health care for adults and 90% of pediatric care. A
randomized study of 1316 patients to either NPs or physicians found no significant dif-
ferences in patient health status or health service utilization. Additional studies support
the effectiveness of APNs and PAs in providing appropriate health care, selecting pre-
scriptions appropriate to the diagnosis, and positively affecting patient outcomes
(24–26). Naylor et al. (27) also found that hospitalized elders who received compre-
hensive discharge planning and home follow-up by APNs had fewer hospital readmis-
sions, increased readmission time, and fewer hospital days per patient. Patients in
collaborative APN/MD practices receive more comprehensive care than care provided
by either discipline alone. The practice that offers the most comprehensive services
will be the most competitive (28). Clearly, utilization of advanced practice providers
can benefit patient outcomes at all levels of care.

APNs have also been shown to positively impact practice financial outcomes. One
study conducted in a large health maintenance organization (HMO) setting found that
adding a NP to the practice could double the typical panel of patients seen by the physi-
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cian (29). In an American College of Obstetrics and Gynecology survey of OB-GYN
practices, respondents who employed an advanced practice professional were more likely
than their counterparts to report revenue in the upper one-third of revenue producers (30).

Rules governing advanced practice providers’ scope of practice are typically defined
by the Board of Nursing for APNs and the medical licensing board for PAs in the state
of practice. Generally, services provided by APNs are independently reimbursable by
third-party payers. In the Balanced Budget Act of 1997, direct reimbursement of NPs
was defined. According to the Medicare rules, NPs may bill in their own name and are
reimbursed at 85% of the physician rate or 80% of the fee schedule, whichever is
greater. However, the NP may be reimbursed at 100% of the physician fee schedule if
the service is billed as “incident to” physician services. Several rules govern “incident
to” claims, the most significant being that the physician must be in the office suite
when the services are performed. Physician practices that employ NPs and other
advanced practice providers must have a clear understanding of the Medicare rules
when billing for services to prevent audits and loss of income (31,32).

FINDING AND UTILIZING COMMUNITY RESOURCES 
TO SUPPORT HEALTH

Health and human service providers who work with women emphasize issues affect-
ing individuals. The next intervention stage at the community level focuses on building
programs and services that promote and support women’s health. Understanding
women’s resources within a community and building mechanisms for appropriate
referral and access can enhance health care practices and leverage provider time. Often,
women enter primary care services for routine care, such as female exams, family plan-
ning, and screenings. Access to the primary care provider offers the opportunity for a
comprehensive analysis of physical, emotional, environmental, and sociocultural fac-
tors affecting women’s health, with concomitant health care guidance and referral to
community resources. Because community resources vary widely between communi-
ties, it is essential to be familiar with resources in the practice area. Examples of com-
munity resources that may be important to support cardiovascular health include:

• Recreation resources—fitness centers, YM/WCA programs, community walking trails,
and mall walking programs.

• Nutrition resources—dieticians and local Weight Watcher programs.
• Behavioral Health Resources—private providers, hotlines, help centers, and chemical-

dependent treatment centers.
• Interpersonal violence programs—women’s shelters and hotline numbers.

However, awareness of community resources is not enough. Access to community
resources may be intimidating and requires time and effort on the part of the client.
Women involved in caring for children, aging parents, work, volunteer commitments,
and school may not have the time or financial resources to make frequent telephone
calls, know the economical intricacies of their situation, or have the flexibility in their
schedule to make repeated attempts to explore resources. Therefore, it is important for
women’s health centers to establish links with community resources that enhance and
complement their services and meet their client’s needs. Basic information regarding
any referral should be made available to the client to facilitate a positive entry into rec-

Chapter 23 / Role of Women’s Health Centers 381



ommended resources. Before referring a woman to a new resource, it is important for
the health care provider to become familiar with the resource. A file of basic informa-
tion about referral resources can easily be updated and shared with patients. Minimum
information in the office referral file should include: referral name, address and phone
number, contact person, required source of referral, eligibility requirements (i.e., finan-
cial need, nutritional status, and so on), fees, services provided, appointment policy,
and items to take to the appointment (i.e., physician consult form, proof of address, and
so forth).

MARKETING THE PROGRAM

Women’s health programs, including those featuring cardiovascular services, exist
in an increasingly competitive environment. It is difficult to differentiate the services
provided in one practice from those offered by another. Effective branding of a practice
can be enhanced through naming, ad placements, and novel offerings. However, the
best practices are fundamentally characterized by their quality and by an established
track record of excellence in health delivery. These attributes lend credibility to the
practice in the viewpoint of patients, press, and the general public. With quality and
credibility come the professional accolades and public recognitions that can be right-
fully claimed as a mark of quality. It takes tremendous effort to sustain a position of
prominence.

Routine marketing tactics rely on the accurate identification of what the consumer
wants and the subsequent promotion of services that satisfy these needs. Focus groups
and outside consultants can be helpful at the early stages of a marketing campaign,
serving as an interface between the desires of the potential patient population and the
vested interests of the practice group. In the creative phase, the best ideas and aspira-
tions of both groups can be brought into play. Eventually, the marketing experts refine a
product that can be brought before the public in a variety of deliverables, including tar-
geted mailings, print ads, radio and TV spots, and so on—creating awareness. The bud-
get is often the only constraint as to the level of marketing coverage that can be
provided.

Practices have effectively combined the announcement of the services and a mea-
sure of philanthropy by sponsoring public radio and TV programs or by placing their
providers before the public as “experts” in media health information areas. Being affil-
iated with the organization of prominent not-for-profit-sponsored events, such as the
network of regional AHA Heart Balls in February Heart Month, can be an effective
means to gain exposure. Involvement of practice members on the boards of such orga-
nizations of a practice is to plan or participate in public education and continuing med-
ical education programs that feature subjects of interest to the patients and their
referring physicians. In addition to promoting the clinical services offered by the prac-
tice, value-added activities, such as nutritional support, exercise training, and lifestyle
modification advice, can be noted to add substance. Case-based teaching using real-life
success stories is highly effective with both patients and physicians.

One recent development that has brought prominence to some practices is the offer
of new medical advances through clinical trails within the practice (33). Practices that
participate in phase 3 and 4 clinical research studies are frequently perceived as being
“cutting edge,” and are viewed as more advanced than their competitors. The infra-
structure required for safe and compliant clinical trails operations is significant, with
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Institutional Review Board, data management, and clinical research coordinator capabil-
ities being essential. Although the research infrastructure can be expensive, the direct
return on investment from sponsor grants and contracts, as well as the intangible per-
ceived quality benefits bestowed on the practice, frequently make this a good investment.

The final element of highly effective marketing, which accrues measurable financial
and reputation benefits, is constant concept review and marketing program renewal.
Although it is attractive to stick with a winner, who can rebut the value of a marketing slo-
gan that pervades the consciousness of pop culture, most major health systems and nearly
all practices cannot aspire to achieve this level of market penetration. As such, quality
must remain a constant, but the introduction of fresh faces and offerings to pique public
interest can be invaluable, even in the health care arena. In addition, the capacity to link
the practice to health habits, not just disease management, can prove useful.

CASE STUDIES IN PRIMARY PREVENTION

Health care providers can participate in primary prevention activities at the individ-
ual, family, and community level. Many health care providers are collaborating with
communities to bring cardiovascular health messages to patients in a variety of venues,
as well as using innovative staff-led models of patient education within the office set-
ting. The following are two examples of such primary prevention initiatives.

• One small Midwestern community on the outskirts of a large urban area noted an increase
in the number of children with obesity, diabetes, lung disease, and poor nutrition habits.
Dr. Dolores Gunn, a family practice physician, in collaboration with the community
school district and the Institute for Research and Education in Family Medicine, (St.
Louis, MO) developed an innovative school health program. Offered weekly to children
in primary and secondary grades in lower income and at-risk neighborhoods, the program
focuses on preventative health education and the development of healthy lifestyles. Edu-
cational classes, seminars, and demonstrations in exercise and low cholesterol nutrition
have been implemented, along with aggressive campaigns that target substance abuse pre-
vention. The overall goal is to improve the quality-of-health education and prevention
messages in the community and foster a healthier generation of adults.

• In 2000, the Association of Women’s Health, Obstetric, and Neonatal Nurses
(AWHONN) in collaboration with the American Nurses Foundation launched the Cardio-
vascular Health for Women Initiative. The program is designed to educate nurses and
women about CVD within the context of a health promotion and disease prevention
framework. A panel of women’s health experts, including physicians and APNs,
researchers, national consumer advocates, AHA representatives, and professors in health
policy worked in partnership with organizational staff to develop an evidence-based
guideline and tool kit to support the implementation of cardiovascular primary prevention
activities to target women in clinical and community settings.

CONCLUSIONS

In final analysis, we must consider the various motives and motivations of the stake-
holders in what has become a major life sciences industrial segment. These include:
profit, professional advancement, public notoriety and acclaim, pure altruism, reaction
to personal loss, and so on.
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If we can conclude anything from this complex evolutionary process, we must agree
that the women’s health “project” is a work in progress. As we emerge from the era of
potential gender bias against women into the neocontemporary phase of gender equity
in the women’s health field, it is appropriate to critically consider whether this is cause
for celebration or a starting point for the next phase of progress.

At the risk of being politically incorrect, one could rightfully posit that this recent
phase of playing health care “catch up” should be naturally followed by an era of over-
reaching goals, and biomedical advances that would place women’s health at the fore-
front of all health and biomedical activities. The benefits of this novel realignment of
the health sciences world should not be prejudged as being bias to men or negative
toward society. On a global population basis, there is at least a 51:49 chance that a par-
adigm of women’s health superiority would represent a fundamental advance for
mankind, leading to benefits for all.

The next logical step down from the specific identifiers of homosapiens to the
geopolitical ideal of “citizens of the world,” is being left as male or female from a
pluripotential stem cell at the moment of creation. This sentinel event, and the resulting
hormonal sequelae that define our gender biology and disease pathophysiology, are
what largely determine our individual health risks and medical futures.
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INTRODUCTION

Obstetrics and gynecology (OB/GYN) is a distinctive field of medicine that com-
bines the most basic aspects of office preventive medicine and the unique medical-sur-
gical specialties of obstetrics and gynecology. The obvious common denominator in
these disparate areas is the health care of women. With the evolution of managed care
over the last decade, fitting the multifaceted field of OB/GYN into the standard “either
primary care or specialty care” paradigm has been difficult for both the specialty itself
and the health care industry.

The fact that a majority of women reported a preference for seeing an
obstetrician/gynecologist for their routine gynecological care, despite having a primary
care physician (PCP), may be a reflection of the unique and strong bond often found
between the patient and her physician in the field (1). The substantial contribution of
the preventive medicine specialty is obvious because of the preventive procedures pop-
ularized by the obstetrician/gynecologist (i.e., the annual examination, pap smears, and
mammograms) are among the most commonly measured indicators of health care qual-
ity used today (2). Problems are also inherent in the combination of primary care with a
surgical specialty, clearly illustrated by that fact that most common surgical procedures
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performed primarily by obstetrician/gynecologists (i.e., hysterectomy and cesarean
section) now account for one-third of all surgical procedures in this country today (3).
The close scrutiny of these procedures by the health care industry addresses both their
importance to health maintenance for women and to the unique role of the obstetri-
cian/gynecologist as both primary care “gatekeeper” and surgeon.

A primary question for both the specialty and our managed care system is “just
where does obstetrician/gynecologist fit in?” Many obstetrician/gynecologists and their
patients insist that we offer both primary care and specialty care (4). Traditional pri-
mary care specialties (e.g., family practice, internal medicine, and pediatrics) are not
convinced that surgical specialists can simultaneously be PCPs. Many practicing obste-
trician/gynecologists agree with this contention, and traditional Obstetrics and Gyne-
cology Residency training has not included much information on the diagnosis and
treatment of nongynecological problems. In response, postgraduate education in
obstetrics and gynecology has made a major shift toward primary care to address these
objections. However, before these questions can be answered and training can be
appropriately readjusted, a more basic question of “what is a primary care physician?”
must be answered.

This chapter examines the ways in which obstetrician/gynecologists serve as PCPs,
along with their special role in preventive and long-term care of women at risk for car-
diovascular disease (CVD). A critical evaluation of the specialty’s successes and limi-
tations evokes several areas where the primary care roles of obstetrician-gynecologists
should be more clearly defined.

DEFINITION OF PRIMARY CARE

Many physicians are referred to as PCPs, but the term primary care is difficult to
precisely define. Primary care has been defined from an institutional perspective as
“the provision of integrated, accessible, health care services by clinicians that are
accountable for addressing a large majority of personal health care needs, developing a
sustained partnership with patients, and practicing within the context of family and
community” (5). This definition addresses important psychosocial aspects, but is some-
what vague as to the types of health care services that are provided.

The US Public Health Service has defined primary care from a research perspective
as “care that is first contact, comprehensive, longitudinal, and person-centered care
(rather than disease- or problem-specific), and that maximizes health and well-being by
providing preventive, curative, rehabilitative care for the most common medical prob-
lems” (6). Again, the psychological aspects of the patient-provider relationship are
alluded to. Additionally, all types of health care (preventive, curative, and rehabilita-
tive) are incorporated. Although both of these definitions touch on important aspects of
primary care, their global nature makes it difficult to determine what type of practition-
ers would be included.

Controversies that concern which specialists should be considered PCPs are long-
standing. Most authors agree that specialists in the fields of family practice, internal
medicine, and pediatrics should be considered PCPs (7,8). These markedly different
specialties are similar because they all are heavily weighted toward preventive care,
provide relatively limited amounts of tertiary care, and are nonsurgical in nature. In
sharp contrast, obstetrician/gynecologists are surgical specialists who provide tertiary
care.
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It is this very different mode of practice that explains why the controversy remains
as to whether obstetrician-gynecologists are PCPs. Even when systematical analysis
results in the placement of obstetrician/gynecologists in the “primary care quadrant,”
there is hesitancy in designating obstetrician/gynecologists as PCPs (9). Nevertheless,
it is clear that many women consider their obstetrician-gynecologists to be their PCPs
(10). Fresh insights into this conundrum may be obtained when various specialists are
analyzed from the perspective of a patient-oriented primary care definition.

The Committee on the Future of Primary Care of the Institute of Medicine has
defined primary care as “the provision of integrated, accessible health care services by
clinicians who are accountable for addressing a large majority of personal health care
needs” (11). However, few knowledgeable patients expect their PCP to know all things
about all medical conditions (e.g., “Dr. Welby”). Patients want a PCP who possesses
the combination of knowledge and judgment required to keep them healthy without
unnecessary tests or treatments. From this perspective, we have recently published a
patient-oriented definition of PCP (12). From the patients’ perspective, PCPs may be
defined as trusted physicians who (1) perform all preventive care necessary to safe-
guard health; (2) diagnose and treat self-limiting conditions; (3) diagnose serious con-
ditions; and either (4) treat serious conditions for which they have expertise or (5) refer
the patient to the best available expert for treatment of serious conditions. The strength
of this functional definition is that it delineates the various health care tiers routinely
provided by all PCPs (Fig. 1).

HEALTH CARE TIERS

Preventive Medicine
The first health care tier is preventive medicine, which includes cancer screening,

immunization, and health counseling. Cancer screening includes pelvic and breast
examinations, both by physical examination and specific screening tests, along with
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cervical cytology (pap smears) and mammograms. In an aging population, screening
for other common diseases (e.g., osteoporosis, diabetes, hypothyroidism, hypercholes-
terolemia, and CVD) brings about increased importance.

CVD is especially important because it remains the single leading cause of morbid-
ity and mortality in the United States, accounting for almost 1 million annual deaths
(13). Fortunately, identifying and altering several risk factors has been shown to reduce
CVD risk (14). Certainly, the most obvious of these risk factors is cigarette smoking. If
obstetrician/gynecologists are to be effective PCPs, identifying smokers and helping
them implement smoking cessation strategies are extremely important.

Several common health risks for CVD relate to physical activity and diet. Our com-
mon sedentary lifestyles and high-calorie, high-fat, and low-fiber diets, appear to
increase the risk of CVD, both directly and indirectly, as a result of obesity, hypercho-
lesterolemia, and type 2 diabetes mellitus. Screening for these secondary risk factors
and patient counseling on changes in diet and physical activity remain the cornerstone
of effective preventive therapy for CVD.

Self-Limiting Conditions
The next health care tier is the diagnosis and treatment of self-limiting conditions.

The patient has two primary purposes for making the effort necessary to see a physi-
cian for the most common symptoms: (1) to make sure that the symptoms do not indi-
cate a serious disease and (2) to relieve the discomfort caused by the symptoms as
quickly as possible. Patients depend on a PCP to get them in quickly for an appoint-
ment, to effectively rule out serious disease, and treat any self-limiting condition with
the safest and most effective therapy. Health maintenance organizations (HMOs) are
also there to make sure that both diagnosis and care are cost-effective.

The treatment of self-limiting conditions warrants special attention. Although most
physicians can diagnose most self-limiting conditions with a reasonable degree of con-
fidence, it is perhaps the crucial indication of an effective PCP to be able to treat these
conditions appropriately. When a patient is diagnosed as having a viral upper respira-
tory tract infection and otitis media, it is less than ideal to refer them to another PCP or
an urgent care facility. To be considered a PCP, appropriate knowledge in this area is
requisite.

Serious Conditions
DIAGNOSIS OF SERIOUS CONDITIONS

The final health care tier is the management of serious conditions, which can be fur-
ther subdivided into diagnosis and evaluation/treatment. The patient is often unable to
distinguish symptoms of self-limiting conditions from those of serious conditions.
Obviously, it is critical that the PCP is able to tell the difference. Unfortunately, all
experienced clinicians are aware that it is often difficult to recognize a serious illness
early in its course.

It is clear from the previous discussion that to be cost-effective, PCPs must have
exceptional diagnostic abilities. Cautious utilization of expensive diagnostic tests may
save money for many self-limiting illnesses (15). However, treatment of serious
chronic conditions by PCPs may save money at the expense of decreased quality of life
in some cases (16). A more serious concern is that underutilization of certain diagnos-
tic tests that could result in late diagnosis and increased cost for the treatment of seri-
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ous illness, although this possibility has not been well-studied. On the other end of the
spectrum, it has been well-documented that overutilization of diagnostic and treatment
modalities (particularly surgical) dramatically increases the health care cost without
measurably increasing patient health (17). The importance of excellent diagnostic abil-
ity among PCPs cannot be overemphasized.

Several common serious diseases are well-established as modifiable risk factors for
CVD, which include hypertension, hypercholesterolemia, and diabetes mellitus. The
obstetrician/gynecologist is in an ideal position to diagnose these conditions during the
annual examination that many women undergo at the time of pap smear. Blood pres-
sure measurement is a routine part of both obstetric and gynecological physical exami-
nations; thus, obstetrician/gynecologists routinely detect new onset hypertension in
both pregnant and nonpregnant patients (18). Similarly, screening for hypercholes-
terolemia has long been a standard part of health maintenance routinely practiced by
obstetrician/gynecologists (19).

Obstetrician-gynecologists are aware of the importance of screening for diabetes
mellitus (DM). Because of its serious implications, DM is almost universally screened
for during early pregnancy (20). Likewise, obstetrician-gynecologists are aware of the
importance of postpartum follow-up of patients with gestational diabetes to detect type
2 diabetes mellitus. More than half of obstetrician-gynecologists screen for diabetes in
nonpregnant patients with a positive family history.

MANAGEMENT AND TREATMENT OF SERIOUS ILLNESSES

Once a serious illness is diagnosed, the PCPs must either treat the condition or refer
the patient to an appropriate expert. Thorough evaluation and treatment of serious ill-
nesses, contrary to diagnosis, are not obligatory in primary care. Treatment ability
varies dramatically among specialties and practitioners. Suboptimal treatment of a seri-
ous condition by a less experienced and confident provider could be detrimental. In
contrast, expert evidence-based treatment can be advantageous from both a health and
a cost perspective (21). Patients prefer to believe that their trusted PCPs know when to
treat and when to refer.

The ability of the obstetrician/gynecologist to treat chronic serious conditions that
put patients at risk for CVD may be increasing with the modern emphasis of primary
care training. Treatment of mild hypertension is certainly within the realm of exper-
tise of many obstetrician/gynecologists (18). However, the actual percentage of
obstetrician/gynecologists who primarily manage uncomplicated hypertension is
uncertain. The effect of hypoestrogenemia and hormone replacement therapy (HRT)
on serum lipid levels has been of great interest to PCP caring for postmenopausal
women. The treatment of hypercholesterolemia is usually relatively simple; how-
ever, the number of obstetrician/gynecologists who primarily manage hypercholes-
terolemia in their patients remains uncertain. Conversely, at least one-third of
obstetrician/gynecologists feel comfortable managing type 1 and type 2 DM, per-
haps because management of gestational DM is a standard part of most obstetric
practices (20).

REQUIREMENTS FOR EXPERTISE

The ability to provide either effective primary care or appropriate treatment for life-
threatening illnesses is not limited to certain specialists. Rather, these abilities depend
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on three requirements: (1) appropriate training, (2) continued interest in the area of
care, and (3) continued experience based on an appropriate number of cases.

Training
The first requirement, an appropriate level of training, includes both residency train-

ing and appropriate continuing medical education (CME). It is not enough to be ade-
quately trained during residency in primary care for the treatment of a serious disease
or high-risk procedure, because training often becomes outdated with emerging light-
ning advances being made in clinical medicine. The dangers associated with out-of-
date treatments are well-recognized by most state medical boards, which require
documentation of a minimum CME amount for continued licensure.

The problem is particularly significant in very comprehensive practices, where the
broad aspects of specialty care may be difficult to keep up with. Although most state
licensure requires CME credit throughout the year, it is uncommon for these credits to
be directed toward the practice needs of individual physicians. It remains the responsi-
bility of individual PCPs to ensure that they remain current in the modern management
of conditions that they elect to diagnose or treat. Also, it remains the specialists’
responsibility to provide primary care so that they remain current in the modern screen-
ing and diagnostic methods for conditions outside their realm of expertise.

Interest
The second requirement necessary for physicians to provide primary care or treat a

serious medical condition is a special interest in that particular process. Only the indi-
vidual physician’s interest will assure that appropriate continuing self-education is
carried out. An excellent example of the need for CME is the evaluation of abnormal
pap smears. For many years, pap smears were classified as grade I–V. A change
occurred in 1989 with the Bethesda system, adding terms such as “Cervical Intraep-
ithelial Neoplasia (CIN) I-III.” The classification system was revised in 1991.
Although the techniques for obtaining an adequate pap smear have remained rela-
tively constant over time, appropriate interpretation and management have dramati-
cally changed. A keen interest in the field and targeted CME is required to avoid
practicing out-of-date medicine.

Experience
The final requirement is continued experience based on an appropriate number of

cases. In other words, the requirement for a screening test must be common enough in
the patient population treated by the PCP to maintain expertise. CME alone is not
enough to maintain skills, especially for complex illnesses and disease processes where
the treatment is highly technical. Surgical examples are the most obvious. It is clear
that surgeons who perform a particular procedure on a weekly basis are much more
likely to be technically excellent than surgeons who perform the same procedure on an
annual basis. It is important for PCPs to be able to judge whether or not their current
skills and knowledge are either first-rate or “rusty.”

With this in mind, it makes sense that some PCPs can appropriately evaluate and
treat common serious conditions if they fulfill the previous criteria. Certainly,
colonoscopy and obstetrical care fit in this category for many family practitioners.
Some have even extended their expertise to include cesarean section and other surgical
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techniques (22). Similarly, obstetrician/gynecologists can appropriately and effectively
provide primary care and treat chronic medical conditions, such as hypertension and
DM, with the appropriate training, interest, and continued experience (18).

PCP PROFILES

Profiles may be created for different primary specialties using this three-tiered defin-
ition of primary care; these profiles should be based on training and practice popula-
tions (Fig. 1). Profiles should consider the relative time available during residency for
training in the various areas. The relative amount of CME required to stay updated in
the various aspects of care would be expected to be roughly proportional as well.
Although somewhat imprecise, these theoretical profiles can serve as a basis to com-
pare and contrast the various primary care specialties.

Family Practice
The ideal model for a PCP in many ways is the family practitioner. Although much

primary care was performed in the past by general practitioners with a limited amount
of postgraduate education, the complexity of modern health maintenance, diagnostic
modalities, and treatments has made this approach impractical. Experience and CME
alone are rarely sufficient to make up for the lack of formal postgraduate training in the
modern age of medicine.

Family practitioners undergo 3 years of postgraduate training that focuses on tech-
niques for health maintenance, diagnosis, and treatment of self-limiting illnesses, as
well as the diagnosis of serious conditions that span from pediatrics to geriatrics for
both men and women (Fig. 1). The result is a broad-based area of expertise. Postgradu-
ate education time constraints necessitate a limited amount of training in the in-depth
evaluation and treatment of serious conditions. Many family practitioners develop lim-
ited areas of specialty expertise during or subsequent to their residency, which often
include diagnostic procedures (e.g., colonoscopy and colposcopy) and surgical proce-
dures (e.g., cesarean section).

Internal Medicine
Internists are a group of specialists that commonly function as PCPs. Their profile is

somewhat more narrow than family practice, because they infrequently take care of
children. This results in a greater proportion of time during both their 3-year postgrad-
uate training and subsequent practice devoted to evaluation and treatment of serious
adult illnesses, including hypertension, heart disease, and diabetes. Evolution of the
specialty toward primary care has required increased emphasis on preventive care and
diagnosis of a broader sphere of conditions, particularly in the gynecology area.

Many internists are comfortable providing primary gynecological care. Although
they routinely diagnose self-limiting gynecological conditions, their ability to thor-
oughly evaluate and treat these conditions is often less than family practitioners and
markedly less than gynecologists. For example, it is unlikely that a woman with peri-
menopausal uterine bleeding would be evaluated with an endometrial biopsy in many
internists’ offices. Conversely, this condition might be routinely evaluated with a
biopsy in a family practitioner’s office and with a biopsy and vaginal ultrasound in a
gynecologist’s office. This difference in diagnostic sophistication is most likely a
reflection of both the level of training in residency and experience in managing this
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common condition and is likely to decrease as training in primary care becomes more
standardized across specialties.

Obstetrician/Gynecologists
Obstetrician/gynecologists, like internists, perform primary care on a relatively nar-

row range of patients when compared to family practitioners. By definition, the prac-
tice is limited to women and occasionally female children. An important difference is
that the postgraduate training is 4 years in length in comparison to 3 years for family
practice and internal medicine.

The most striking aspect of the profile results from the fact that, contrary to the other
PCPs, the obstetrician/gynecologist is a surgical specialty. In addition to preventive
medicine of women, the specialty combines the procedure-dependent area of obstetrics
with the surgical specialty of gynecology. Surprisingly, the most common major surgi-
cal procedures done in the United States are cesarean section and hysterectomy (3).

CVD AND THE OBSTETRICIAN/GYNECOLOGIST

Health Maintenance
Effective patient screening for health risk factors remains the cornerstone of primary

care that delineates this field from other medical activity. Several of the most ubiqui-
tous health risk factors involve lifestyles. Smoking has been said to be the most impor-
tant preventable independent risk factor for CVD (23). Although multiple medical and
psychological approaches to smoking cessation have been developed, interventions by
busy physicians have been shown to significantly increase their patients’ cessation rates
(24). It is an important role of all PCPs to ask about tobacco use, provide advice on
smoking cessation, determine a smoker’s readiness to take action, and offer assistance
in cessation and follow-up. Interestingly, physicians do not alienate smokers by show-
ing their concern, even in those smokers not interested in quitting (25).

Other lifestyles that increase the risk of CVD are poor dietary habits, a lack of phys-
ical activity, and the often-associated obesity (13). The problem appears to be increas-
ing in our populations, and presently more than 25% of all women in the United States
are considered to be obese (body mass index [BMI] ≥ 30 kg/m2) (26). Because
improvements in diet, activity, and body weight have all been shown to independently
and collectively reduce CVD risk, the role of the PCP in identifying and addressing
these problems cannot be overstated. Unfortunately, safe and effective methods for
helping patients make long-term changes in these areas are still at issue.

Equally important for the PCP in the prevention strategy is the early diagnosis of
serious chronic medical conditions that increase the risk of CVD, including diabetes,
hypercholesterolemia, and hypertension (13). These three serious conditions share a
subtle nature that requires careful screening for early detection. Diabetes appears to be
increasing in frequency in this country, possibly as a result of increasing obesity. Type
2 diabetes may now affect more than 7% of US adults (13), in contrast to hypercholes-
terolemia, which may actually be decreasing in the United States, likely resulting from
decreased dietary intake of saturated fat and cholesterol, despite the increased obesity
prevalence (27). Hypertension continues to be a widespread condition in the United
States, affecting more than 20% of adult females (28). Surprisingly, it has been esti-
mated that nearly half of the patients with hypertension in the United States are not
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treated, and another quarter are not well-controlled (13). Because the
obstetrician/gynecologist remains the physician most often seen by women in this
country, effective screening to diagnose these conditions, and referral for appropriate
evaluation, treatment, and follow-up, is our critical responsibility in CVD (29).

Hypoestrogenemia, associated with the postmenopausal period, is another com-
mon chronic condition that increases the risk of CVD. There is Ample evidence exists
that indicates bilateral oophorectomy in premenopausal women increases the risk of
CVD unless exogenous hormones are given (30). However, it is less certain that nat-
ural menopause alone is a risk factor for CVD. The Framingham Heart Study indi-
cated that natural menopause was associated with a fourfold increase in the 10-year
incidence of coronary heart disease (CHD) when compared with premenopausal
women, but no adjustment was made for age or cigarette smoking (31). The Nurses’
Health Study adjusted for age in 5-year categories and found that the rate of CHD
was significantly elevated in postmenopausal women, with an relative risk (RR) of
1.7 (95% CI, 1.1–2.8), but adjustment for cigarette smoking diminished the relative
risk to 1.0 (95% confidence interval [CI], 0.8–1.3; 30). The role of hypoestrogenemia
in the increased CVD incidence postmenopause will certainly be more accurately
defined by further studies.

Hypoestrogenemia diagnosis is a relatively simple matter in most women. The earli-
est signs are often vasomotor “hot flashes” that may signal dropping estrogen levels
months to years before the subsequent hypoestrogenemia becomes a significant health
issue. A good clinical indication is that cessation of menses (menopause) is the best
clinical indicator that hypoestrogenemia has reached a point where medical concerns,
such as increased bone loss and an increased CVD risk, become a concern (32). Signs
of chronic estrogen deficiency include vaginal atrophy and the somewhat subtle signs
of vertebral compression fractures, which include height decline and an exaggerated
curvature of the thoracic spine.

Treatment
Treatment of these chronic serious diseases by PCPs is related to both the provider’s

belief as to the risk of the condition to the patient’s health and the provider’s expertise.
It is well-accepted that the treatment of both hypertension and hypercholesterolemia
can reduce the risk of CVD. Both internal medicine specialists and family practitioners
view treatment of these conditions as part of their primary roles in health prevention.
Although most obstetrician/gynecologists may be comfortable in diagnosing these con-
ditions, few believe that they are appropriately trained to chronically treat them. For
this reason, a referral by obstetrician/gynecologists to another specialist for the long-
term treatment of these conditions is common. Interestingly, many academicians and
clinicians believe that, with improved training, first-line treatment of these conditions
can be effectively carried out by the practicing obstetrician/gynecologists, although
long-term studies of this belief do not yet exist (18,32).

With hypoestrogenemia, it appears to be exactly the opposite: there is significant
disagreement as to whether HRT is effective in decreasing the risk of CVD, but obste-
trician/gynecologists are well-trained to treat this condition (32). The vast majority of
clinical studies have consistently showed a 40–50% reduction in CVD risk with use
of HRT (33). It has been estimated that 25–30% of the observed protective effects can
be accounted for by lipid-dependent mechanisms (e.g., increases in high-density
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lipoprotein [HDL] cholesterol and decreases in low-density lipoprotein [LDL] cho-
lesterol). The remaining 70–75% can be accounted for by lipid-independent mecha-
nisms related to the estrogen’s ability to modify the function of the endothelium and
vascular smooth muscle (e.g., increased vascular dilation and decreased coronary
artery uptake of LDL; 34).

Additionally, multiple studies have supported HRT’s beneficial effect on lipoprotein
profiles. For example, a 3-year randomized double-blind trial showed that estrogen
alone or in combination with progestins increased HDL cholesterol and decreased LDL
cholesterol (35). A randomized double-blind study of newer HRT preparations sug-
gests that this beneficial lipoprotein profile is maintained and perhaps enhanced in
terms of triglyceride levels (36).

However, it remains uncertain as to whether HRT can decrease the risk of CVD in
postmenopausal women with known CHD (37,38). The Heart and Estrogen/Progestin
Replacement Study (HERS) suggested that HRT might not prevent secondary coro-
nary events (i.e., myocardial infarction [MI] or CHD death) in postmenopausal
women with CHD in the first 3 years of use and might actually increase the risk of
venous thromboembolism during the first year of use (37). However, by years 4 and
5, the rate of CHD events was lower in the HRT group, suggesting that HRT might
not prevent the early thrombosis-related CHD events, but may decrease the risk of
later occurring CHD events related to atherosclerotic disease. Hopefully, The
Women’s Health Initiative (WHI) a 12-year prospective randomized, controlled study
of 164,500 postmenopausal women scheduled for completion in 2010) will help
answer many of the questions concerning the risks and benefits of CHD therapies for
women.

DIAGNOSIS OF CVD

CHD diagnosis presents a greater challenge in women when compared with men
both because of the gender differences in the clinical presentation of ischemic heart
disease and the diminished accuracy of diagnostic tools. Follow-up reports from the
Framingham study indicate that women develop chest pain more often than men, but
are less likely to progress to MI (31). Chest pain remains the most common initial
CHD manifestation in women, and nearly 90% of women with MI (similar to that of
men) will have chest pain as a feature of initial clinical presentation (39). However,
women with MI appear to be significantly more likely than men to present with atypi-
cal symptoms of angina, such as upper abdominal pain, dyspnea, nausea, and fatigue.
For this reason, any woman at risk of CVD with chest pain or atypical symptoms of
angina should be carefully evaluated for CHD. Because of the unique challenges pre-
sented for the definitive diagnosis and evaluation of CHD in women, the choice and
interpretation of an array of noninvasive diagnostic procedures for CHD should be
deferred to a specialist expert in this diagnosis.

OBSTETRICIAN/GYNECOLOGISTS AS PCPS

Several obstetrician/gynecologists serve as PCPs for many of their patients. The
majority of obstetrician/gynecologists have an interest in an ongoing relationship with
their patients. One of the primary reasons that many medical students choose obstetrics
and gynecology for further study is that it is unique among the surgical specialties
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because of their continuing relationships with their patients, rather than seeing patients
only when they have been referred for surgery.

Unfortunately, in past years, obstetrician/gynecologists have not received a signifi-
cant amount of primary care training during their residencies. However, an attempt has
been made over the last decade to rectify this situation (40). As the profession strives to
realign its residency programs, an ongoing debate has developed as to whether surgical
training is suffering as a result, and whether the primary care taught during residency is
of use to obstetrician/gynecologists in practice (41).

AREAS FOR IMPROVEMENT IN EDUCATION

Although obstetrician/gynecologists often provide primary care for many of their
patients, insufficiencies in their training remain that must be addressed. The challenge
will be to assure that not only are obstetrician/gynecologists appropriately trained dur-
ing their residencies, but also ensure that they have a continuing medical education and
clinical experience to maintain and update their knowledge.

Health Maintenance
If obstetrician/gynecologists are to fulfill the role of PCPs, they must be adequately

trained and strive to remain updated on contemporary recommendations for health
maintenance and health screening. Obstetrician/gynecologists who perform pap smears
and mammograms on every postmenopausal patient, but fail to provide other health
maintenance services (e.g., check cholesterol or provide routine immunizations), are
not providing their patients with complete primary care.

Diagnosis and Treatment of Serious Nongynecological Conditions
Every obstetrician/gynecologist who provides primary care must be willing and able

to diagnose serious nongynecological conditions. Failure to recognize the symptoms of
serious medical conditions, such as cardiac ischemia, could have tragic results for
patients. Residency training and CME must be provided in this area if we are to pro-
vide appropriate primary care.

It has yet to be determined the best role for the obstetrician/gynecologist in the eval-
uation and treatment of common chronic conditions, including those that increase the
patient’s risk of CVD, and CVD itself. Although all obstetrician/gynecologists should
be able to screen for these conditions, not all of them will be qualified to evaluate and
treat them. Just as many family practitioners and internists refer women with post-
menopausal bleeding to obstetrician/gynecologists, many obstetrician/gynecologists
will continue to refer women with diabetes, hypertension or CVD to other PCPs and
specialists with the training and interest necessary to take care of the patient with the
most current techniques. Few would argue that PCPs must avoid treating serious condi-
tions outside of their realm of expertise if they wish to maintain their patients’ trust.

CONCLUSION

PCPs must be skilled in providing care for their patients at many levels. Because of
the complexities involved in achieving and maintaining expertise in any area of medi-
cine, the most important characteristic of PCPs, as with all physicians, is personal
integrity. Patients must feel confident that PCPs care first and foremost for the patient,
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rather than for the disease. Patients expect their physicians to be up-to-date relative to
current diagnostic and treatment modalities. Patients also trust PCPs to know their limi-
tations and make the best referrals at the appropriate time. To adequately serve patients’
trust as PCPs, obstetrician/gynecologists must strive to improve their capability to pro-
vide comprehensive preventive care, diagnosis, and treatment of self-limited conditions
as well as recognize serious nongynecologic conditions. Because CVD remains the lead-
ing cause of death for women in America, obstetrician/gynecologists must be prepared to
provide prevention, diagnosis, and perhaps treatment of this condition (42).
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INTRODUCTION

As a result of an aging population and emerging new health technologies, health
care providers throughout the world have begun to search for ways to reduce and stabi-
lize the cost of health care while maintaining or improving its quality. Many changes
have been implemented based on a growing emphasis on evidence-based decision
making and medical practices.

Evidence-based approaches to health care include health policies and clinical practices
that are motivated by the conclusions drawn from systematically collected and analyzed
data. The health care field experienced a widespread integration of the evidence-based
paradigm into its decision-making processes both nationally and internationally during
the 1980s and 1990s. However, the concordance between evidence-based health recom-
mendations and formally stated health policy remains incomplete (1,2).

In the late 1960s, the term technology assessment was coined by policymakers in the
United States who defined it as policy research to provide a balanced analysis and per-
spective of a new technology for decision makers (3). Subsequently, the Office of Tech-
nology Assessment (OTA) was introduced in the early 1970s, with the objective to
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research and assess new health technologies for the purpose of informing decision
makers at the government policy level (4). Since then, health technology assessment
(HTA) has spurred much interest and has been used in various ways in health care
organizations throughout the world.

This chapter focuses on how the evidence-based paradigm has affected change
through HTA development and integration in the increasingly managed health care
environment, emphasizing the United States. The association of heath technology and
cardiovascular disease (CVD) in women is also addressed.

EVIDENCE-BASED HEALTH CARE IN THE UNITED STATES

Health insurance coverage policies often determine the rate at which a new health
technology is diffused into clinical practice (5–7). Private payers (e.g., Blue
Cross–Blue Shield) and government-funded health care programs (e.g., Medicaid and
Medicare) must balance the need and drive for the discovery and development of more
effective treatment and prevention programs within a necessarily defined, and often
constrained, budget. Consequently, both public and private health care providers have a
vested interest in the search for health technologies that will provide quality care for
patients and also keep rising health care costs at a minimum (5).

With the rapid advent of new health technologies, illustrated by the many innovative
pharmaceuticals that have been developed in the past few years, health care costs
(including employee and employer premiums) have risen in the United States. Many
patients are unwilling to pay for treatments unless insurance companies will provide
reimbursement. As a result, how the payers, both public and private, determine which
new technologies will be reimbursed and at what rate remains the primary importance
to pharmaceutical and medical device manufacturer’s commercialization plans (5).

Many public and private health care payers have instituted policies that require HTA
and economic analyses to determine whether or not the recently approved technology
will be reimbursed by their coverage policy (Table 1) . Most coverage policies state
that the services the patient receives must be both reasonable and necessary for the
treatment or diagnosis of a current health condition. However, the US Food and Drug
Administration (FDA) approves new health technologies by evaluating their safety and
effectiveness, not their necessity (5). As a result, a new pharmaceutical drug that
received FDA approval for the treatment of a specific disease may not be placed as a
high priority on health plan-covered benefits’ lists because of its cost and/or lack of evi-
dence when compared to other accepted treatments. Additionally, unless there are suffi-
cient conclusive data to support a new technology’s effectiveness (data beyond clinical
trials required by the FDA), it may not be approved for reimbursement by payers, or it
may be placed under strict reimbursement limitations pending more data acquisition, as
in the case of electron beam computed tomography (EBCT) and genetic screening
technologies during the last decade (6,7). Accordingly, the medical device and pharma-
ceutical industries have begun to generate and use HTAs to predict the likelihood of
FDA approval and favorable reimbursement policy.

HTAS

Currently, health professionals and health care organizations worldwide have yet to
come to a consensus as to how the term health technology assessment should be
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Table 1
Health Care Organizational Use of HTA

Organization/country HTA objective(s)

Blue Cross–Blue Sheild To determine whether or not the new technology improves 
Association TEC/ health outcomes, such as length of life, quality of life, and 
United States functional ability, it must meet the following five criteria:

1. The technology must have final approval from the
appropriate governmental regulatory bodies.

2. The scientific evidence must permit conclusions
concerning the effect of the technology on health
outcomes.

3. The technology must improve the net health outcome
(i.e., the health benefits must be greater than the
adverse events).

4. The technology must be as beneficial as established
alternatives.

5. The improvement must be attainable outside the
investigational setting.

Department of Health’s The objective of the HTA program is to assess the cost,
Research and Development effectiveness, and impact of new and some established 
program–National Institute health technologies through efficient high-quality 
for Clinical Excellence research in order to manage and provide care within the 
(NICE)/United Kingdom National Health Service (NHS). Each assessment seeks to

answer four questions (27):
1. Does the technology work?
2. For whom does the technology work?
3. What is the cost of the technology?
4. How does the technology being evaluated compare

with the alternatives?

Danish Center for Evaluation Established in April 2001. Its aim is to carry out HTAs to
and Health Technology (28):
Assessment (DACEHTA)/ 1. Integrate HTA principles into the decision-making 
Denmark policies and procedures at all levels of public health

services
2. Improve the quality and standards of public health

services
3. Improve the value of the money that is spent by the

public health services

Canadian Coordinating Office The Canadian Coordinating Office of Health Technology 
of Health Technology Assessment (CCOHTA) defines HTA as the process of 
Assessment (CCOHTA)/ evaluating medical technologies (devices, equipment,
Canada procedures and drugs) and their use through the system-

atic collection and critically evaluated and synthesized
available research data. Factors such as efficacy, safety,
effectiveness, quality of life, patient use as well as eco-
nomic, ethical, and social implications are all considered,
when appropriate, within the assessments (29).



defined (8). In the early 1980s, the US National Center for Health Care Technology
defined it as “the careful evaluation of a medical technology for evidence of its safety,
efficacy, cost, cost-effectiveness and ethical and legal implications, both in absolute
terms and in comparison with other competing technologies” (9). The International
Network of Agencies for Health Technology Assessment (INAHTA) defines health
care technology as anything that is used for the prevention, rehabilitation, or treatment
of a health condition. These parameters include vaccines, pharmaceuticals, medical
devices, medical and surgical procedures, and the systems within which health is pro-
tected and maintained. The INAHTA defines HTAs as multidisciplinary analyses of the
medical, social, ethical, and/or economic implications of technology development, dif-
fusion, and/or use to support policy changes in health care (10). INAHTA’s broad defi-
nition of HTA is inclusive of the major health organizations different views on what an
HTA is and how it should be used (Table 1). Today, most institutions involved in pro-
ducing HTAs agree that the main purpose of this research is to improve decision mak-
ing regarding the use and diffusion of health technology (8,11).

Ideally, a health technology must be proven safe, efficacious, and effective before it
becomes widely available in the clinical field. HTA uses the best scientific evidence
from clinical trials to assess the short-term safety and efficacy of any health technol-
ogy. However, if this evidence is not available, HTA also uses observational studies to
determine the technology’s effects. As observational studies could be affected by fac-
tors that may confound the relationship between a health technology and a health
effect, their inclusion is guided by the significance of their quality, and their results are
considered with caution in any assessment recommendation. For that reason, when
analyzing evidence, HTA uses a quality checklist to establish a hierarchy of the evi-
dence assessed, which leads to grade recommendations (12–14). Effectiveness is usu-
ally assessed through observational studies; however, megatrials or randomization of
settings, rather than patients, are being advocated as techniques to address the effec-
tiveness of a health technology (15) (Tables 2 and 3).

Patient preferences is a novel area of study in HTA. However, knowledge of patient
preferences is very important when assessing health technologies, particularly for those
associated with benefits as well as risks. Preferences may also affect its effectiveness
(e.g., unaccepted drugs lead to low compliance, and low compliance may preclude the
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Table 2
US Preventive Services Task Force Grading for Strength of Recommendations

A. There is good evidence to support the recommendation that the condition be specifically
considered in a periodic health examination.

B. There is fair evidence to support the recommendation that the condition be specifically
considered in a periodic health examination.

C. There is insufficient evidence to recommend for or against the inclusion of the condition In
a periodic health examination, but recommendations may be made on other grounds.

D. There is fair evidence to support the recommendation that the condition be excluded from
consideration in a periodic health examination.

E. There is good evidence to support the recommendation that the condition be excluded from
consideration in a periodic health examination.

Source: ref. 45.



achievement of expected benefits). Health technologies also have to demonstrate their
superiority or additional value against other available competition for the same clinical
purpose. Moreover, these technologies should ideally prove to be more cost-effective.
The results of this study give a more comprehensive view of the value of a health tech-
nology in a specific health care context (Table 4).

US AGENCY FOR HEALTH CARE POLICY AND RESEARCH

In 1995, the US Congress voted to eliminate the OTA, which left the United States
without a federal organization charged with the task to evaluate new health technolo-
gies. In December 1999, the US Department of Health and Human Services formed
the Agency for Health Research and Quality (AHRQ), formerly known as the Agency
for Health Care Policy and Research (AHCPR), as one of its Public Health Service
agencies. The AHRQ’s mission is “to support research designed to improve the out-
comes and quality of health care, reduce its costs, address patient safety and medical
errors, and broaden access to effective services. The research sponsored, conducted,
and disseminated by AHRQ provides information that helps people make better deci-
sions about health care” (16). One of the nine components of AHRQ is the Center for
Practice and Technology Assessment (CPTA). CPTA coordinates the evidence-based
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Table 3
US Preventive Services Task Force Grading for Quality of Evidence

I: Evidence obtained from at least one properly conducted RCT.
I-1: Evidence obtained from well-designed controlled trials without randomization.

II-2: Evidence obtained from well-designed cohort or case-control analytic studies, preferably
from more than one center or research group.

II-3: Evidence obtained from multiple time series with or without the intervention. Dramatic
results in uncontrolled experiments (such as the results of the introduction of penicillin
treatment in the 1940s) could also be regarded as this type of evidence.

IIII: Opinions of respected authorities, based on clinical experience; descriptive studies and
case reports; or reports of expert committees.

Source: ref. 45.

Table 4
HTA Economics Questions Asked by NICE*

What are the added costs over what we do at present?
Are there savings?
Where and when do costs and savings fall?
Where are the margins (where we consider the added benefit no longer commensurate with the

added cost)?
How do the benefits of using resources in this way compare with other ways of using the same

amount of resource?
Is there some other, perhaps unrelated, area of activity in which we should now disengage?

* NICE, National Institute for Clinical Excellence.



practice program of AHRQ and is accountable for the research on the assessment of
new and established medical technologies, including conducting and performing
assessments to assist other agencies in making quality changes in their current health
care policies. The CPTA reports have historically been requested by Center for
Medicare and Medicaid Services (CMS) and the Civilian Health and Medical Pro-
gram for the Uniformed Services to update policymakers with the current “best-prac-
tices” and data to support coverage policy decisions (17).

CPTA has 12 evidence-based practice centers throughout the United States and
Canada, which include both public organizations and private companies. Each center
develops evidence reports and technology assessments on assigned topics of special
interest to Medicare and Medicaid populations, with a high burden of disease, and/or
treatments or diagnostic procedures that have high costs. Among these reports are rig-
orous reviews of scientific literature and, when appropriate, economical analyses and
meta-analyses (17). Technology assessments and evidence reports have also been used
recently at a national level of influence by several professional societies, such as the
American College of Physicians–American Society for Internal Medicine, the Ameri-
can College of Cardiology/American Heart Association (ACC/AHA), the American
Urological Association (5) and the American Society of Anesthesiologists (18), to
develop evidence-based clinical practice guidelines.

In 1999, Health Care Finance Administration (HCFA), now CMS, established the
Medicare Coverage Advisory Committee (MCAC). MCAC was charged with improv-
ing the decision-making process by which health technologies became a part of
Medicare services. The executive committee decided to evaluate evidence for a technol-
ogy in a two-step process. First, the investigating panel determined whether or not the
available evidence was sufficient to draw conclusions applicable to Medicare patients.
Second, the panel evaluated and compared the technology’s effectiveness to that of cur-
rent treatments in a structured review of the literature. Once both steps were completed
and the findings presented to the MCAC executive committee, public recommenda-
tions were made as to whether or not the evidence was conclusive in the effectiveness
of the new technology (5). This process is fairly new and continues to evolve.

HTA’S ROLE IN WOMEN’S HEALTH CARE

In the United States, one of the most significant HTA contributions to the improve-
ment of women’s health care is in the development and adoption of mammography as a
tool for breast cancer detection. The following section examines the development and
diffusion of breast cancer screening technology, a case study exemplifying HTA impact
on improving female health outcomes. The fundamental HTA questions that pertain to
breast cancer screening and health outcomes discussed next are: Is there evidence that
early detection is beneficial; and, do persons identified with early-stage disease through
screening have better health outcomes than those who present clinically without
screening? (19) (Tables 5–7).

WOMEN, HEALTH TECHNOLOGY, AND CVD

Fueled by a heightened awareness that women have unique health care issues and
experiences, a growing effort exists to develop strategies for improved care and quality
of life for women. Within the last decade, HTAs have played an integral role in the
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development and standardization of guidelines for the screening and treatment of dis-
eases prevalent among women.

HTA in women’s health care has primarily focused on those clinical conditions that
affect women solely or predominantly, such as breast cancer (20), ultrasound prenatal
screening (21), in vitro fertilization (22), and hormone replacement therapy (HRT) for
osteoporosis (23), among others. For those clinical conditions that affect both women
and men (e.g., CVDs), HTA has barely distinguished between genders in its analysis.
Therefore, until now, HTA availability in CVD with exclusive focus in women is gen-
erally lacking. One of the potential explanations may be the gender research bias in the
past (24), although improvements have been made during the end of the last century.

The principles followed by any HTA, as mentioned previously, can also be applied
to the technology assessment addressed to CVD in women. An overview is provided
here of HTA principles using examples of technology addressing CVD in women.
Notably, they are not based on a systematic literature review, but instead exemplify the
thoughts underlying an HTA process.

HRT has been widely prescribed to postmenopausal women during the last decades
and has been proven in clinical trials to be safe and efficacious in the treatment of vaso-
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Table 5
Clinical Advantages and Disadvantages of Mammography

Advantages Disadvantages

Noninvasive, simple procedure Production of consistent, high-quality images may 
Widely available be technically difficult

Routine screening can result in Cannot detect all breast lesions
25–35% reduction in breast cancer Results are difficult to interpret in women with 
mortality among women dense breast tissue, leading to higher rates of 
ages 50–70 (3) false-negative and false-positive results

Optimal screening intervals not well-defined

Generally considered safe Radiation tolerance may be patient-specific

Source: ref. 46.

Table 6
Objectives of the Breast Cancer Surveillance Consortium (BCSC) in 1994

1. Enhance the understanding of breast cancer screening practices in the United States through
assessment of accuracy, cost, and quality of screening programs and the relation of these
programs to changes in breast cancer mortality or other short-term outcomes, such as diag-
nosis stage or survival.

2. Foster collaborative research among consortium participants to examine such issues as
regional and health care system differences in the provision of screening services and subse-
quent diagnostic evaluations.

3. Provide a foundation for the conduct of clinical and basic science research that can improve
the understanding of breast cancer etiology and prognosis. The intent is to collect a core set
of pathological data on established prognostic indicators and to provide the capability to
examine the prognostic potential of other, more investigational indicators (13).

Source: ref. 47.



motor symptoms (hot flashes and night sweats), vaginal dryness, and urethritis after
menopause (25). HRT has also demonstrated, through randomized controlled trials
(RCT), to slow down the loss of bone mass or reverse it postmenopause (23). During
the past two decades, a significant amount of large-scale observational studies have
suggested that women taking estrogen (opposed or unopposed to progesterone) have
one-third of the risk for coronary heart disease (CHD) when compared to those women
estrogen-free (26). The veracity of this effect is very important for women because
coronary disease is the leading cause of mortality in women, with incidence after
menopause equal to that of men (25). In the past, the evidence from these observational
studies has led to several scientific associations recommending the HRT use in all post-
menopausal women, especially for those at CHD risk (i.e., to recommend the estrogen
use for CVD’s primary or secondary prevention; 27).

From an HTA perspective, the benefits attributed to any health technology should be
valued against any other available in the market, addressing the same clinical purpose.
Low-dose aspirin therapy has been shown to have a significant benefit in the primary
prevention of myocardial infarction (MI; 28–30). In 1989, the Physicians’s Health
Study demonstrated that low-dose aspirin reduced MI risk (28). More recently, the
combination of information (using the general variance-based method) from four ran-
domized trials (one trial included 47% women), including 51,000 subjects and 2284
important vascular events, showed a significant reduction of 32% (95% confidence
interval [CI]: 21–41%) for nonfatal MI and 13% (95% CI: 5–19%) for any important
vascular events in those patients assigned to aspirin (29). Additionally, a case-control
study nested in a cohort of 164,769 postmenopausal women (50–74 years of age, fol-
lowed from 1991 to 1995), showed that the relative risk of MI associated with the cur-
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Table 7
US Preventive Services Task Force 1996 Guidelines for Clinical Preventive Services Grading 

of Strength of Recommendations for Clinical Interventions for Breast Cancer Screening

Ages of 
Grade women (years) Clinical intervention

C 70+ Insufficient evidence regarding clinical benefit of mammography or 
CBE. Recommendation for mammography may be made on
basis of high burden of suffering and lack of evidence of differ-
ences in test characteristics in age group vs those age 50–69

A 50–69 Screening for breast cancer every 1–2 years with mammography 
alone or mammography and annual clinical breast examination
(CBE)

C 50–69 There is insufficient evidence to recommend annual CBE
C 40–49 There is conflicting evidence of fair to good quality for women age 

40–49 regarding the clinical benefit from mammography with or
without CBE, and insufficient evidence regarding benefit from
CBE alone; recommendations for or against routine mammogra-
phy or CBE cannot be made based on current evidence.

C All Insufficient evidence to recommend for or against teaching breast 
self-examination in periodic health examination

Source: ref. 45.



rent aspirin use for more than 1 month duration was 0.56 (95% CI: 0.26–1.21), and
nonfatal MI was 0.28 (95% CI: 0.08–0.91; 30). For secondary prevention, low-dose
aspirin has also shown its safety and effectiveness (31).

With this knowledge, what then should a physician recommend to women regarding
taking aspirin or hormones to prevent CVD? To answer this question, a RCT that com-
pares HRT efficacy with aspirin in primary and secondary CVD prevention in women
is needed. Until now, there has been no such study. Additionally, to comprehensively
analyze the added value of one health technology against the other, the impact of each
option’s costs and benefits should be considered. When comparing the cost and effect
of both aspirin and HRT, although aspirin may appear to be a potentially cheaper
option, a statement regarding the better cost-effectiveness of aspirin related to HRT
cannot be performed. To our knowledge, there is a lack of cost-effectiveness studies
that compare these two HT options either for primary or secondary prevention.

As mentioned previously, HTA uses the best available scientific evidence in its
analysis. Therefore, because observational studies can be subject to bias, their results
should be taken into account with caution until high-quality scientific evidence
becomes available, such as an RCT. HRT in postmenopausal women for secondary
CVD prevention has been recently questioned through RCT (32,33). The Heart Estro-
gen/Progestine Replacement Study (HERS) did not show a significant reduction of
coronary events in postmenopausal women who took HRT (32). The HERS study ran-
domized 2763 postmenopausal women to estrogen and placebo. After 4.1-year follow-
up, the incidence of cardiac events was almost identical in the two groups. The results
from this study were supported by the Estrogen Replacement and Atherosclerosis
(ERA) randomized trial of 309 postmenopausal women who underwent coronary
angiography and showed no effect in the progression of coronary atherosclerosis with
established disease as assessed by quantitative coronary angiography (33). Limitations
have been associated with these studies (34). Nevertheless, in light of this new evi-
dence, the AHA has stated its recommendation of not prescribing HRT for CVD sec-
ondary prevention and is awaiting ongoing RCT results in primary prevention (35).
This case shows the importance of considering evidence by its quality when assessing a
health technology as HTA does.

HRT has also been associated with several adverse effects, such as an increased risk
of venous tromboembolism, gallbladder disease, endometrial cancer (when estrogen is
given without progesterone), and likely to an increase of breast cancer (25,26). As a
result of the risk and benefits associated with HRT, several guidelines have recom-
mended taking into account women’s preferences when prescribing this therapy
(27,36). A before-and-after study that used a decision aid for women who considered
HRT following menopause shows the presence of different treatment preferences when
the same information about benefits and risks is given to a group of women (37).

In general, women’s values have not been incorporated into health care decisions,
which is certainly true in the area of CVD, where few studies have addressed prefer-
ences in women’s health care (38). Assessing female preferences is important, as previ-
ous research has shown that men and women value risk differently. For example, white
men perceive risks to be much smaller and more acceptable than women (39). More-
over, considering patient preferences for specific intervention aspects may influence a
patient’s decision to initiate or continue the use of health care services. Men and
women may also differ in their preferences for cardiovascular-related improvement
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programs (e.g., cardiac rehabilitation program features; [40]). Generally, women give
more importance to “not getting tired while exercising” than men (t = 2.42, p = 0.02).

No clinically justified variations in the diagnosis and treatment of ischemic heart
disease between men and women have been well-documented in the literature during
the past decade (41,42). Despite the abundant scientific evidence produced, differences
still remain (43,44). However, non-HTA institutions worldwide have formally assessed
this lack of access for women to scientifically proven diagnostic and therapeutic tech-
nologies for CVD. To our knowledge, there is no governmental strategy that addresses
this inequity. An HTA document on gender differences in access to CVD diagnostic
and therapeutic interventions is recommended in order to solve this issue.

CONCLUSION

The role and measure of HTA continues to evolve in the United States, European
Union, and elsewhere. HTA as a contribution in the identification of appropriate diag-
nostic and therapeutic options for women’s health also continues to gain valuable
momentum. Many examples can be explored that illustrate HTA impact in decision
making regarding technologies relevant to health care in women. Methodologies for
conducting HTA must begin to account for gender-specific health outcomes to become
more effective tools for decision makers. Such methodologies must extend beyond cur-
rently practiced approaches that essentially go no further than outline demographic dif-
ferences in study results or clinical outcomes, eliminating gender as a required subset
analysis. HTA results must be based on technology assessment criteria that captures
specific female responses to health interventions. In that way, the gender-based under-
standing of efficacy can be explored without the intricacies associated with general
population studies. HTA will assume a more important and vital role in women’s health
care as institutions, such as managed care and other health service models, wax and
wane as optimal choices for health care delivery. Having a constant benchmark
methodology and decision-making technique like HTA will stabilize the evaluation of
new technology, despite the health service model of the epoch, and guarantee the adop-
tion and diffusion of the most useful health care technologies.
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INTRODUCTION

In 1997, 30% of total health care expenditures ($326.6 billion) in the United States
were directly or indirectly related to cardiovascular disease (CVD) (1). Given the enor-
mous financial burden placed on society by CVD, there is an increasing interest in
evaluating the efficiency with which the dollars are spent. Cost-effectiveness analysis
(CEA) is a methodology designed for such evaluations.

The purpose of this chapter is to explore the implications of cost-effectiveness for
the treatment of coronary artery disease (CAD) in women. It begins by discussing the
key issues in CEA that impact the analysis of subgroups (including women). Then, the
chapter provides an example of the implications of subgroups analysis by using pub-
lished data to create gender-specific cost-effectiveness ratios for coronary stents.
Finally, the chapter concludes by discussing the implications of the previous sections.

COST-EFFECTIVENESS ANALYSIS

CEA’s purpose is to provide a measurement of the gain in health per dollar spent on
an intervention. In the modern era, proliferation of new treatments and technologies
has led to a decline in mortality rates for some conditions (particularly in CAD),
increases in life expectancy and improved quality of life. However, new treatments and
technology have also led to spiraling health care costs and both explicit and implicit
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rationing of care as the care payers struggle to accommodate new innovations into
health care budgets. As a result, payers and policymakers are increasingly questioning
the actual contributions of expensive technological and pharmaceutical advances to the
health of the population. CEA is a tool that is well-suited to provide guidance to the
“bang for a buck” provided by different interventions.

CEA explicitly measures the trade-off between “cost” and “effectiveness.” CEA
compares a monetary measure of the treatment or intervention cost (e.g., dollars,
pounds) to a effectiveness measure (e.g., life years saved) in the form of a ratio. By
convention, the cost-effectiveness ratio puts effectiveness in the numerator and cost in
the denominator (e.g., a new drug cost $5000 per life year saved or a new surgery cost
$10,000 per life year saved; 2). Because cost-effectiveness ratios are inherently rela-
tive, absolute conclusions regarding the cost-effectiveness of a treatment can rarely be
drawn (3). Instead, after calculating cost-effectiveness ratios, comparisons can be made
across different treatments for the same condition or even across different conditions.

The use of CEA can be theoretically justified both on the grounds of efficiency and
equity (4). From an efficiency perspective, selecting the treatments with the greatest cost-
effectiveness will ensure the dollars spent on health care yield the greatest benefit for soci-
ety. Also, concentrating health care resources on those with the greatest benefit will
produce an equitable spending distribution. However, a complicating factor is a heteroge-
neous treatment response based on observable characteristics. If, for example, the treat-
ment’s effectiveness varies depending on age, sex, or race, then maximal efficiency and
equity can be achieved by calculating separate cost-effectiveness ratios for the subgroups
(5). Conducting a subgroup analysis has implications throughout the analysis, and deci-
sions about the framework for the analysis will contribute to the end result.

CEA typically takes the societal perspective (6). When studies adopt the societal
perspective, all economic resources consumed in an intervention are included, rather
than the costs of medical care to a particular individual or organization. Although stud-
ies that adopt the societal approach may not answer key questions asked by particular
stakeholders, studies using the societal approach will provide accurate intervention
evaluations from the perspective of overall welfare. Studies using other perspectives
may omit significant costs that are paid by other organizations, thus, providing an
incomplete perspective of the overall impact of a program or intervention. For exam-
ple, for a particular health plan, it may be cost-effective to not pay for hypertension
treatments because most members will unenroll before untoward health effects are
realized. However, high-cost adverse health events associated with untreated hyperten-
sion will lead to increased costs for other payers and should be included in the total
cost calculation.

Taking the societal perspective is particularly important when examining subgroups
(e.g., women). If a study examined the cost-effectiveness from the payer perspective,
such as an employer, the lower labor force participation rates among women could lead
to an undervaluing of treatments that are particularly effective for women. The use of a
uniform societal perspective ensures balance in the evaluation of costs and benefits.

Measuring Costs
The denominator of the cost-effectiveness ratio measures the marginal intervention

cost. Health care interventions always have costs even in the absence of market prices.
If a consumed resource has an alternate use, then an economic cost was incurred. Eco-
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nomic and accounting costs are not synonymous. Some costs that appear in a financial
report are not considered economic costs, whereas some economic costs do not appear
in financial reports.

Costs included should be marginal costs, which only include costs that would not
have occurred if the treatment had not been given. CEA should include all economic
costs associated with an intervention, including both direct and indirect medical
costs. Direct medical costs include all costs directly attributable to the intervention.
Examples would include the cost of medical supplies, physician charges, costs asso-
ciated with hospitalizations, and the value of the patient time required for treatment
and travel. Indirect medical costs are costs that are associated with the patient care,
but that cannot be directly attributed to a particular patient or intervention. Examples
include costs associated with maintaining a hospital, such as heating, laundry, and
janitorial services.

In some situations, treatment cost may vary significantly across subgroups. For
example, older men tend to have shorter hospitalizations than older women because
men tend to die earlier. That is, an elderly man is more likely to be discharged home
after a hospitalization because he will have his wife available to care for him. However,
an elderly woman—with the exact same medical condition—may be discharged to a
skilled nursing facility because her husband has died and, therefore, cannot provide
care at home. There are two important implications of this difference: first, although
nonmarket care provided to the man from his wife should be included in the cost of
care, often it is not. This will make the cost of care for the man artificially lower than
the cost of care for the woman. Second, even if the appropriate societal cost of nursing
care for the man is calculated and included, the value of economic alternatives for an
elderly woman (which provides her imputed wage) are likely to be lower than for the
nursing home employees, again yielding a lower cost estimate for the man.

Notably, the difference in cost calculated in the latter case is correct. In truth, the
societal cost of providing care for the man is lower than for the similar woman. This is
a result of the shorter life expectancy rates for men, the limited economical alternatives
for elderly women, and the social contract in many societies that requires women to
provide nursing care for their husbands, but not necessarily vice versa. These realities
are biased to both sexes, but the result is that men are discharged more quickly from
hospitals, requiring less formal nursing support and consequently using fewer health
care resources.

Income transfers (e.g., payments to individuals in exchange for participating in a
trial) are not economic costs. Transfers merely move dollars from one individual to
another; from the societal perspective, one individual has gained and another has lost,
and there is no net change in societal welfare.

Measuring Benefits
The numerator of the cost-effectiveness ratio measures the benefits associated with

the intervention or treatment. There are numerous possible endpoints that could be
selected for evaluation; most clinically meaningful endpoints could be used to measure
the benefit of a treatment. The clinical endpoint most commonly used is mortality.
Mortality rates can be used to calculate the life expectancy for both those who receive
an intervention and those who do not. The two life expectancies can then be compared,
and the marginal effectiveness can be calculated.
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In CAD, mortality is often used as the effectiveness measure. Mortality has several
advantages as an outcome measure. First, its definition is widely agreed on and, sec-
ond, its importance of mortality as an outcome is obvious to all observers. Finally, mor-
tality is relatively straightforward and inexpensive to measure.

The use of mortality rates has important implications for comparisons of the effec-
tiveness of CAD interventions for men and women. Because women have a longer life
expectancy than men at all ages, treatments without gender-specific morality effects
administered to men and women at the same age will be more effective in women than
men. However, women tend to experience CAD later in life than men, which, for treat-
ments without gender-specific mortality effects, will make treatments less effective.

The different life expectancies of men and women also have implications for the dis-
counting effect. Both costs and benefits that occur in the future should be discounted.
There is some disagreement regarding the appropriate discount rate. Standard practice
is now to use a discount rate of 3%, with a sensitivity analysis that applies discount
rates from 0% to 7% (2). If women, on net, have a longer life expectancy, then a higher
discount rate will disproportionately reduce the overall effectiveness of the treatment in
women relative to men. Conversely, a lower discount rate will favor women.

One key shortcoming of mortality as a measure of effectiveness is its bluntness as a
measurement tool. Mortality distinguishes between those who live and those who die,
but treats the outcome of care for all who survive as identical. Often, there is substan-
tial variation among the survivors in recovery time and postrecovery health-related
quality of life (HRQoL). Using measures of HRQoL can help to distinguish between
treatments with similar mortality effects. However, the use of HRQoL when a treat-
ment has a differential subgroup effect is problematic.

The most straightforward problem occurs when recovery times or nonfatal outcomes
are subgroup-specific. For example, previous research has shown that some interven-
tions are less effective in minority populations. There are many possible reasons for
this disparity, including genetic differences, accessibility differences to other health
care services, environmental differences (e.g., worse housing or the effect of income
disparities). Regardless of the cause of the difference, the implication is that a treat-
ment will be considered to have a lower benefit and will therefore be less cost-effec-
tive. Consider a surgical intervention that requires follow-up care. A minority person
may have less access to transportation and therefore higher postsurgical morbidity
rates. A narrow CEA would suggest redirecting resources away from minorities in
order to maximize the output of dollars spent on health care.

A second complication with the use of measures of HRQoL in subgroup analysis is
preference weights. Measures of HRQoL explicitly compare the quality of life in dif-
ferent health states. To create a measure of the relative quality of different health states,
preference weights for different conditions are created. The preference weights vary
depending on who is asked to rank the different health states. To calculate a gender-
specific cost-effectiveness ratio, it would be reasonable to use gender-specific prefer-
ence weights. Indeed, work in this area has already begun (5).

COST-EFFECTIVENESS OF CORONARY ARTERY STENTING 
IN WOMEN VS MEN

To illustrate the issues discussed in the previous section, this section examines the
cost-effectiveness of stenting vs percutaneous transluminal coronary angioplasty

416 Coronary Disease in Women



(PTCA) in women vs men. Stents have become an essential tool in the medical profes-
sion’s treatments for CAD. Since 1996, stents have been implanted in the majority of
percutaneous coronary revascularization procedures (7). Men are more likely than
women to receive a stent, although the rate of use in both genders has risen dramati-
cally during the past 5 years (8). Stenting increases the initial treatment cost (mostly
owing to the device cost), but reduces the likelihood of high-cost complications, such
as revascularization and coronary artery bypass surgery (CABG; 9).

Although there have been numerous studies that examine the effectiveness and the
cost-effectiveness of stents (7), there is relatively little information regarding gender-
specific cost-effectiveness. Women receiving either intervention tend to be older and
have more complications (e.g, diabetes; 8,10–12). Mehilli (11) reports that women
have higher rates of poststent mortality (1.7% vs 0.8%), CAGB (0.9% vs 0.7%), and
repeat angioplasty (2.3% vs 1.5%). Similarly, Peterson (8) reports higher in-hospital
mortality for women (1.4% vs 0.9%) and higher rates of repeat revasculatization (4.8%
vs 4.4%). Alfonso (12) also reports higher in-hospital mortality rates for women (6%
vs 2%) and a higher overall complication rate (9% vs 4%).

This trend also holds true for PTCA: women tend to have higher mortality rates and
higher complication rates. Robertson (13) reports that women had higher mortality rates
(1.4% vs 1.1%) and higher CABG rates (3.3% vs 1.9%). Similarly, Malenka (14) reports
higher mortality rates (1.6% vs 0.7%) and higher CABG rates (3.8% vs 3.1%), and
Arnold (15) found women had an increased risk of death (1.1% vs 0.3%) and postangio-
plasty CABG (5.0% vs 4.5%). Women have also been found to have higher restenosis
rates than men both with stenting (29% vs 26%) and without (52% vs 39%; 16).

Published rates of mortality, restenosis, and CABG vary depending on the date of
the study (because percutaneous coronary revascularization treatments both with and
without stenting have been improving), sample characteristics, location, and study
period (i.e., in-hospital, 1 year, etc.). Table 1 summarizes our estimate of the complica-
tion rates for a “typical” population for both stents and PTCA after 6 months. Women
have been shown to have higher mortality rates for both treatments and higher rates of
other complications.

Estimating differences in cost between gender is more tenuous given the paucity of
available data. Cohen et al. (17) reports that stents are more expensive during the base-
line hospitalization ($9738 vs $7506). More recently, Peterson (9) had a similar result
with stents ($14,802) costing more than PTCA ($11,534) for a baseline hospitalization.

Gender will affect the treatment cost in several ways. First, the relative cost of the
treatments may be different. For example, women are less likely to undergo multivessel
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Table 1
Estimated Rates of Complications by Type and Gender for Coronary Stenting and PTCA

Stents PTCA

Men Women Men Women

No complications 87.2% 83.3% 78.8% 68.1%
Repeat revascularization 9.0% 12.0% 14.0% 18.0%
CABG 2.9% 3.1% 6.0% 12.0%
Death 0.9% 1.6% 1.2% 1.9%



treatment (15). Women also tend to have a smaller diameter stenosis of the infarct-
related artery (16). Consequently, women will use fewer stents on average than men. It
is also likely that women have a different average length of stay because of the higher
mean age of treatment.

Table 2 presents our estimates of gender-specific costs of stents vs PTCA. The cost
of a PTCA without complications is the same for both genders: $11,250. We assume
that the cost of a typical stent is $1250. For men, the cost of receiving stents is slightly
higher because we assume that men receive, on average, three stents versus two for
women. For both genders in both treatment modalities, we assume that if there is a
repeat revascularization, it includes stenting. The cost of the CAGB complication is
equal to the cost of the initial treatment plus the $25,000 reported by Weintraub et al.
(18) Finally, estimates of the in-hospital mortality cost were calculated using Medicare
data and include both the cost of the treatment and the mean additional length of stay
associated with death.

The benefit of the treatment is increased life expectancy. For the purposes of this
exercise, we estimate that the average age at the time of the intervention for women is
69 and for men is 63. A 69-year-old woman has a life expectancy of 81 or 12 additional
years. For a 63-year-old male, life expectancy is 78 or 15 additional years. Given the
lowered mortality risk for women associated with stents, the expected increase in mar-
ginal life expectancy is 0.036 years. For men, with a slightly longer life expectancy, the
expected increase in marginal life expectancy is 0.042 years.

Combining the results in Tables 1 and 2, we estimate that the mean cost of stenting
for men is $17,143, whereas the cost of stenting for women is $16,297. The higher cost
for men reflects the higher device cost. For PTCA, we estimate the average cost for
men to be $14,918 and for women $16,853. The higher costs for women reflect their
higher complication rates. These costs reflect those reported in a recent review of the
PTCA research by Lecomte et al. (19).

Table 3 presents our estimate of the incremental cost of stents, incremental increases
in life expectancy, and cost per life year saved. For women, stents are cost-saving
because the cost-savings associated with the reduction in complication rates because of
stents overwhelms the cost increase associated with the device cost. For women, stents
are unambiguously supported by our analysis: they both save lives and reduce resource
use. For men, stents are likely not cost-effective. Although there are no precise guide-
lines to appropriate cut-offs, one rule of thumb is that interventions that cost more than
$40,000 per life year (the cost of treating mild hypertension) are not cost-effective (20).

418 Coronary Disease in Women

Table 2
Author’s Calculation of the Cost of Stents vs PTCA by Gender

Stents PTCA

Men Women Men Women

No complications $15,000 $13,750 $11,250 $11,250
Repeat revascularization $30,000 $27,500 $26,250 $25,000
CAGB $40,000 $38,750 $36,250 $36,250
Death $22,500 $21,375 $16,875 $18,000



The overall result is borderline cost-effective. The majority of coronary interventions
are in men; hence, the overall cost-effectiveness ratio is heavily weighted toward the
male cost-effectiveness ratio.

CONCLUSION

Proponents of CEA suggest that all health care interventions should be evaluated
and that health care resources should be targeted based on these analyses to maximize
total population health given a set of resource constraints (21).

The role of gender as an independent predictor of mortality and morbidity is hotly
debated, but differences in body size and baseline characteristics are widely accepted
as independent predictors of mortality and morbidity in CAD (8). Specifically among
CAD patients, women tend to be older and smaller than men with different lesion types
and lengths, differences which lead to the cost ratios reported previously. As a result,
stents are unambiguously cost-saving for women and, at best, are marginally cost-
effective for men. A health system might very well approve this intervention for
women, whereas reject it for men.

The notion that men will be prevented from receiving an intervention that would
reduce their mortality risk when undergoing coronary revascularization will strike
many as unfair. Indeed, although health professionals argue for CEA, surveys show
that nonprofessionals reject CEA as a method to allocate health care resources even
when the benefits of the system are clearly explained (22). Musgrove (23) argues that
cost-effectiveness is only one of nine different criteria that could be used to allocate
health resources. Among the alternatives are systems that focus on horizontal equity,
which would argue for equal treatment based on gender, as well as the rule of rescue,
which gives priority to life-saving interventions.

Yet, to not conduct subgroup analysis is equally troubling in its implications. In our
example, men are not cost-effective and women are cost-saving. If we ignore gender
and calculate a singe cost-effectiveness ratio, the overall ratio will be heavily tilted
toward the male ratio because the majority of coronary interventions are performed on
men. The overall cost per life year saved is marginally cost-effective. So, using an
overall ratio in the name of equity might lead to the rejection of an intervention that, in
women, not only saves lives, but also saves money. Increasing both costs and mortality
rates seems an odd way to improve equity.

Subgroup analysis is relatively common in prevention programs because they are
often targeted at particular populations. For example, AIDS prevention programs regu-
larly focus on high-risk groups, such as homosexuals and drug addicts. Because these
programs are only available to the subgroup, the CEA is conducted on the subgroup.
But attitudes toward prevention may be different than attitudes toward curative treat-
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Table 3
Cost-Effectiveness of PTCA vs Stents by Gender

Overall Men Women

Change in cost $1391 2225 –556
Change in life years 0.040 0.042 0.036
Cost-effectiveness ratio $34,775 $52,976 –$15,444



ments. If some groups have a higher risk of contracting an illness, it makes intuitive
sense to make an extra effort to help those groups stay disease-free. But, once an illness
has occurred, many reject the notion that care should be distributed based on associa-
tions between cost-effectiveness and gender or heart vessel size. Yet, only partially
adopting the CEA framework may lead to illogical conclusions.

The long-standing assumption that health care interventions are equally effective in
men and women has been pushed aside. It is now recognized that males and females
with similar health problems will often report different symptoms and, once diagnosed,
have different risk profiles. Researchers that investigate new health care interventions
are now generally required to include men and women, as well as minorities. These
studies will soon inundate the research community with data that allows calculation of
subgroup-specific cost-effectiveness ratios. In theory, this will allow society to focus
treatments on those who will receive the greatest benefit. But it is far from clear
whether society is ready to have access to health care rationed based on gender or race.
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