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Women and Cardiovascular Heart Disease:
Clinical Implications From the Women’s

Ischemia Syndrome Evaluation (WISE) Study

Are We Smarter?

Amir Lerman, MD, FACC,* George Sopko, MD, MPH+
Rochester, Minnesota; and Bethesda, Maryland

Review of the trend in cardiovascular disease mortality for males and females clearly
demonstrated that whereas the trend shows a decline in males this decline is not observed in
females. Multiple important reports emerged from the initial phases of the Women’s
Ischemic Syndrome Evaluation (WISE) study that may have significant clinical implications
for our approach to cardiovascular disease in women. The data derived from the WISE study
certainly provided important information to our understanding of the approach to women
with cardiovascular disease. The clinical presentation may be different, and a gender-oriented
questionnaire may enhance our diagnosis. In a multivariable model, low hemoglobin was
associated with significantly higher risk of adverse outcomes. The risk factor assessment and
the risk factor profiles in women that are associated with coronary artery disease may be
different. Based on the studies from the WISE study, metabolic syndrome is a leading and a
major risk factor in women. Moreover, the data further support the concept that the
mechanism of ischemia in women may be localized in the microvascular coronary arteries.
Therefore, the diagnoses of coronary microvascular dysfunction or endothelial dysfunction
should be considered in women with chest pain who do not have obstructive coronary artery
disease. It may be advantageous to add such diagnostic tests when the conventional tests are
nondiagnostic. A revised clinical approach to cardiovascular disease in women may be

designed and tested based on these findings.

(J Am Coll Cardiol 2006;47:595-62S) © 2006

by the American College of Cardiology Foundation

Coronary heart disease (CHD) is the leading cause of
mortality and morbidity in the U.S. More women than men
have died annually from ischemic heart disease (IHD) since
1984, and coronary artery disease (CAD) is the cause of over
250,000 deaths in women each year. The evaluation of IHD
in women presents a unique and sometimes difficult chal-
lenge for clinicians, owing to the greater symptom burden,
greater functional disability, and lower prevalence of ob-
structive coronary disease as compared to men. Objective
evidence of ischemia, whether symptomatic or asymptom-
atic, identifies individuals with an adverse prognosis. The
results of older trials largely defined the relative places of
medical therapy and coronary surgery for the era in which
they were conducted. A number of significant changes in
selection of patients for surgery, in surgical methods, and in
medical therapies have occurred. New pharmacologic and
revascularization strategies are now available to relieve
ischemia. However, the diagnosis and treatment of CHD
have been primarily based on research conducted in men,
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either excluding women entirely or including only limited
numbers of women and minorities.

Beginning in the early 1970s, with the popularization of
revascularization, a number of studies reported on the
experience of coronary artery bypass surgery. The Coronary
Artery Surgery Study (CASS) was a landmark multicenter
study conducted in the 1970s that influenced clinical prac-
tice in CAD for many years to come. In that seminal study,
which prospectively enrolled patients referred for coronary
angiography, only 24% of the more than 24,959 patients
(registry and randomized trial) enrolled were women. This
represented one of the largest, if not the largest, cohort of
women who had angiography to document CAD at that
time. Despite the relatively small proportion of women in
the CASS trial, important conclusions regarding gender
differences in coronary artery disease were evident. First, a
high proportion of women with the clinical diagnosis of
angina “failed” to show evidence of CAD at angiography.
Second, the use of the traditional risk factor assessment was
limited in prediction of CAD in individual patients and
specifically in women (1,2). The study also generated a
number of interesting findings. Women were 4.5 times
more likely to have false-positive exercise test response even
in the presence of normal coronary angiography. However,
positive exercise testing was potentially more helpful in
predicting the diagnosis of CAD in women than in men (2).
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Abbreviations and Acronyms

BMI = body mass index
CAD = coronary artery disease

CASS = Coronary Artery Surgery Study

CHD = coronary heart disease

Hgb = hemoglobin

IHD = ischemic heart disease

NHLBI = National Heart, Lung, and Blood Institute
WISE = Women’s Ischemia Syndrome Evaluation

Subsequent reports describing these CASS trial results implied
that these paradoxical findings might be explained by the
relatively lower incidence of CAD among women compared to
men; however, critical inquiry was not undertaken.

It has been only recently realized that it may not be
appropriate to extrapolate clinical decisions regarding
women from studies performed in exclusively or predomi-
nantly male cohorts. This realization is underscored by the
alarming epidemiologic data demonstrating that IHD is the
leading cause of morbidity and mortality for women, and
that the gap between women and men in terms of incidence
and mortality narrows with advancing age. Review of the
trends in cardiovascular disease mortality for males and
females clearly demonstrates declines in males, which is not
observed in females. These data suggest that our concept
and understanding of CAD in women are clearly far from
complete.

In response to a need for sex-specific IHD research, the
National Heart, Lung, and Blood Institute (NHLBI)-
funded a number of clinical studies. In 1996, NHLBI
funded the Women’s Ischemia Syndrome Evaluation
(WISE) to improve the reliability of diagnostic testing for
IHD in women, and to develop safe, efficient, and cost-
effective new diagnostic approaches for women with sus-
pected IHD. A number of important reports continue to
emerge from the study that may have significant clinical
implications for our approach to cardiovascular disease in
women. Moreover, a revised clinical approach to IHD in
women may be designed and tested based on these findings.
Clinical evaluation. One of the fundamental steps in the
accurate diagnosis of CAD is a thorough history and
physical examination. The typical textbook symptoms of
substernal chest pain or pressure radiating to the arms may
not be the primary symptoms in women presenting with
CAD. Other symptoms such as dyspnea, fatigue, and lack of
energy may be predominant (3). The new onset of the
symptoms and their relationship to activity has more clinical
relevance than their physical location (4,5). Women report
symptoms more often during daily activities and mental
stress than during exercise (6). Special attention should be
given to the woman’s social history, particularly to the
presence of stressful environment or situations. Recent
reports suggest that the incidence of transient global myo-
cardial ischemia in response to mental stress may be higher
in women than in men (7). Because, among premenopausal
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women undergoing coronary angiography for suspected
myocardial ischemia, disruption of ovulatory cycling char-
acterized by hypoestrogenemia of hypothalamic origin ap-
pears to be associated with angiographic CAD (8), a
detailed history should include this information for the
global assessment. Thus, a female-specific questionnaire
based on the data from the WISE study may enhance our
diagnosis.

One of the laboratory tests that is often overlooked as a
potential risk factor is hemoglobin (Hgb). Low hemoglobin
levels are associated with higher risk for adverse cardiovas-
cular outcomes in women evaluated for suspected ischemia
in the absence of acute myocardial infarction or congestive
heart failure. However, the prognostic significance of Hgb
in women with suspected ischemia is unclear. Recent
evidence from the WISE study demonstrated that women
with low Hgb (<12 g/dl) have a higher risk of death from
any cause and total adverse outcomes (9). In a multivariable
model, low Hgb was associated with significantly higher risk
of adverse outcomes. Also, anemic women had shorter
survival time free of adverse outcome. These findings may
not only be relevant for understanding the mechanism of
CAD in women, but also have potential therapeutic
implications.

Although women are generally at lower risk than men,
the combination (i.e., clustering of novel risk markers) acts
additively and/or multiplicatively to increase risk and there-
fore risk assessment in female cohorts. The metabolic
syndrome is a leading and a major risk factor in women. In
the WISE study , the presence of the metabolic syndrome
was independently associated with increased risk of death
and major cardiovascular events as opposed to increased
body mass index (BMI) (10). Because the metabolic syn-
drome but not BMI predicts future cardiovascular risk in
women, it may be more important to assess the whole
spectrum of the metabolic syndrome rather than the BMI
alone and to recommend control of all modifiable risk
factors in both normal and overweight persons to prevent
transition to the metabolic syndrome (11). For example,
among women with the metabolic syndrome and high levels
of high sensitivity C- reactive protein, the risk of cardiovas-
cular events was similar to that of diabetic women.
Noninvasive functional testing. The lack of correlation
between the symptoms in women and conventional func-
tional testing may again indicate that these tests were
developed in studies that were predominately male, and may
be less applicable for the diagnosis of CAD in women.
Although women have less extensive obstructive disease
than do men, but a similar or worse prognosis (12), this
renders important the need to diagnose such CAD in
women but poses a challenge for further development of
noninvasive diagnostic methods. It may be speculated that
functional tests based on differential perfusion between
vascular territories may be less beneficial for the diagnosis of
myocardial ischemia in women, compared with global
measures of ischemia or risk.
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Among the WISE study women with suspected myocar-
dial ischemia in the absence of obstructive CAD, the
abnormal phosphorus-31 nuclear magnetic resonance car-
diac stress test was a significant predictor of poor cardio-
vascular outcomes in women with chest pain, independent
of the presence of CAD and CAD risk factors. The test was
able to identify women who were more likely to have
persistent and worsening angina requiring catheterization
and hospitalization resulting in greater functional limita-
tions and higher health care costs. These results suggest that
magnetic resonance can have wide utility in evaluating
women with chest pain, reducing the number of women
undergoing repeated coronary angiography, and facilitating
treatment before the ischemia worsens (13). The data
further support the concept that the mechanism of the
myocardial ischemia in women may be localized in the
microvascular coronary arteries.

Coronary angiography. The conventional sequence of
noninvasive functional tests followed by diagnostic coronary
angiography was derived from large multicenter studies that
were based on the hypothesis that the cause of the myocar-
dial ischemia is secondary to epicardial obstructive CAD.
However, it has become apparent that women who present
with angina have less severe and frequent obstructive CAD
on coronary angiography (12). These observations led to the
notion that women had increased false-positive results in
function tests. The WISE study results have advanced our
understanding of the nature of myocardial ischemia in
women. Functional rather than structural abnormalities of
the coronary circulation may be the hallmark of the disease
in women. Reis et al. (14) demonstrated that coronary
microvascular dysfunction can be identified in approxi-
mately half of women with chest pain in the absence of
obstructive CAD and cannot be predicted by risk factors for
atherosclerosis or by hormone levels. Moreover, coronary
flow reserve is lower in women than in men, suggesting
potential primary abnormalities in the coronary microcircu-
lation as a source of ischemia in women (15). Furthermore,
in women in the WISE study, coronary endothelial dys-
function was independently associated with adverse cardio-
vascular outcomes regardless of CAD severity (16). Thus,
the diagnoses of coronary microvascular dysfunction or
endothelial dysfunction should be considered in women
with chest pain who do not have obstructive CAD.

Summary and clinical implications. The WISE study
provides new information to our understanding of the
clinical presentation, diagnosis, and prognosis of IHD in
women. With the use of careful traditional risk factor data
collection, state-of-the-art technology, and comprehensive
analyses, the study has a wealth of data applicable to the
diagnosis and management of women with suspected IHD.

A seminal finding from the WISE study relevant to the
practice of cardiology is that among women referred for
evaluation of suspected myocardial ischemia, approximately
50% do not have obstructive coronary disease, and the
prognosis for these women is intermediate in terms of future
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adverse cardiac events and persistent symptoms. Practitio-
ners should no longer ignore nonobstructive coronary an-
glograms in women nor call evidence of clear ischemia in
this setting, such as a positive troponin or an abnormal stress
perfusion test, a false positive.

The WISE study has further demonstrated that micro-
vascular ischemia is frequently associated with the signs and
symptoms of ischemia for this large cohort of women with
nonobstructive coronary arteries. Because this abnormal
vascular function is often concomitant with abnormal en-
dothelial function, prudent treatment of these women
should involve aggressive medical therapy directed at im-
proving endothelial function, atherosclerosis, and estab-
lished risk factors, including statin lipid-lowering,
angiotensin-converting enzyme inhibitors, and aspirin. Fu-
ture WISE and non-WISE clinical trials will be directed at
testing these strategies for reduction of adverse events in
these women.

The predictive value of novel risk markers demonstrated
in the WISE study may provide us with additional insight
into the sex-specific differences in the pathophysiology of
IHD. For example, because women in general have lower
hemoglobin levels compared to men, due to decades of
menstrual cycling and pregnancy-associated losses, it may
also be prudent to initiate treatment for low hemoglobin
levels in the presence of IHD sooner than current practices
among women. Clearly, prospective randomized trials will
need to address the utility, risks, and benefits of this
approach.

The results of the older trials largely defined the relative
places of medical therapy and revascularization based pri-
marily on experience from studies consisting largely of men.
In the current pace of the rapid evolution and expansion of
invasive and noninvasive interventions, there is a need to
address the optimal therapy suitable for women. Recent
studies suggest that gender-specific approaches could be
beneficial in preventing future events. Based on results from
these studies, it is logical to pose the hypothesis that sex
improves long-term prognosis. However, many uncertain-
ties remain. Clearly, new studies are needed to prospectively
test and validate the WISE study results in a new popula-
tion and to establish the long-term morbidity and mortality
benefits, and quality of life and health care economics, of
practice-based sex-targeted strategies. There is no doubt
that the investment in the WISE study was a “WISE”

move.

Reprint requests and correspondence: Dr. Amir Lerman, Divi-
sion of Cardiovascular Disease and Department of Internal Med-
icine, Mayo College of Medicine, 200 First Street SW, Rochester,
Minnesota 55902. E-mail: lerman.amir@mayo.edu.

REFERENCES

1. Vlietstra RE, Frye RL, Kronmal RA, Sim DA, Tristani FE, Killip T
3rd. Risk factors and angiographic coronary artery disease: a report



62S

Lerman and Sopko
Ischemic Heart Disease in Women

from the Coronary Artery Surgery Study (CASS). Circulation
1980,62:254-61.

. Weiner DA, Ryan TJ, McCabe CH, et al. Exercise stress testing.
Correlations among history of angina, ST-segment response and
prevalence of coronary-artery disease in the Coronary Artery Surgery
Study (CASS). N Engl ] Med 1979;301:230-5.

. McSweeney JC, Cody M, O’Sullivan P, Elberson K, Moser DK,
Garvin B]. Women’s early warning symptoms of acute myocardial
infarction. Circulation 2003;108:2619-23.

. Hayes SN, Long T, Hand MM, et al. Women’s Ischemic Syndrome
Evaluation: current status and future research directions: report of the
National Heart, Lung and Blood Institute workshop: October 2—4, 2002:
Section 6: key messages about acute ischemic heart disease in women and
recommendations for practice. Circulation 2004;109:¢59-61.

. Johnson BD, Kelsey SF, Bairey Merz CN. A clinical risk assessment
in women: chest discomfort. Report from the NHLBI-sponsored
Women’s Ischemia Syndrome Evaluation (WISE) study. In: Shaw L,
Hachamovitch R, Redberg R, Culler S, editors. Contemporary Car-
diology: Coronary Disease in Women: Evidence-Based Diagnosis and
Treatment. Totowa, NJ: Humana Press, 2003:129—-41.

. Sheps DS, Kaufmann PG, Sheflield D, et al. Sex differences in chest
pain in patients with documented coronary artery disease and exercise-
induced ischemia: results from the PIMI study. Am Heart ] 2001;142:
864-71.

. Bybee KA, Prasad A, Barsness GW, et al. Clinical characteristics and
thrombolysis in myocardial infarction frame counts in women with
transient left ventricular apical ballooning syndrome. Am ] Cardiol
2004;94:343-6.

. Bairey Merz CN, Johnson BD, Sharaf BL, et al. Hypoestrogenemia of
hypothalamic origin and coronary artery disease in premenopausal
women: a report from the NHLBI-sponsored WISE study. ] Am Coll
Cardiol 2003;41:413-9.

. Arant CB, Wessel TR, Olson MB, et al. Hemoglobin level is an
independent predictor for adverse cardiovascular outcomes in women

10.

11.

12.

13.

14.

15.

16.

JACC Vol. 47, No. 3 Suppl S
February 7, 2006:59S-62S

undergoing evaluation for chest pain: results from the National Heart,
Lung, and Blood Institute Women’s Ischemia Syndrome Evaluation
Study. ] Am Coll Cardiol 2004;43:2009-14.

Kip KE, Marroquin OC, Kelley DE, et al. Clinical importance of
obesity versus the metabolic syndrome in cardiovascular risk in women:
a report from the Women’s Ischemia Syndrome Evaluation (WISE)
study. Circulation 2004;109:706-13.

Marroquin OC, Kip KE, Kelley DE, et al. Metabolic syndrome
modifies the cardiovascular risk associated with angiographic coronary
artery disease in women: a report from the Women’s Ischemia
Syndrome Evaluation. Circulation 2004;109:714-21.

Hochman JS, Tamis JE, Thompson TD, et al. Sex, clinical presenta-
tion, and outcome in patients with acute coronary syndromes. Global
Use of Strategies to Open Occluded Coronary Arteries in Acute
Coronary Syndromes IIb Investigators. N Engl ] Med 1999;341:226—
32

Buchthal SD, den Hollander JA, Bairey Merz CN, et al. Abnormal
myocardial phosphorus-31 nuclear magnetic resonance spectroscopy in
women with chest pain but normal coronary angiograms (see com-
ment). N Engl ] Med 2000;342:829-35.

Reis SE, Holubkov R, Conrad Smith AJ, et al. Coronary microvas-
cular dysfunction is highly prevalent in women with chest pain in the
absence of coronary artery disease: results from the NHLBI WISE
study. Am Heart ] 2001;141:735-41.

Di Segni E, Higano ST, Rihal CS, Holmes DR Jr., Lennon R,
Lerman A. Incremental doses of intracoronary adenosine for the
assessment of coronary velocity reserve for clinical decision making.
Catheter Cardiovasc Interv 2001;54:34—40.

von Mering GO, Arant CB, Wessel TR, et al. Abnormal coronary
vasomotion as a prognostic indicator of cardiovascular events in
women: results from the National Heart, Lung, and Blood Institute-
Sponsored Women’s Ischemia Syndrome Evaluation (WISE). Circu-
lation 2004;109:722-5.



	Women and Cardiovascular Heart Disease: Clinical Implications From the Women’s Ischemia Syndrome Evaluation (WISE) Study
	Clinical evaluation
	Noninvasive functional testing
	Coronary angiography
	Summary and clinical implications
	REFERENCES


