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Background: Women with clinical findings sugges-
tive of ischemia but without findings of obstructive coro-
nary artery disease (CAD) on angiography represent a
frequent clinical problem; predicting prognosis is
challenging.

Methods: The Women’s Ischemia Syndrome Evalua-
tion (WISE) study examined symptomatic women re-
ferred for clinically indicated coronary angiography and
followed up for a mean 5.2 years. The St James Women
Take Heart (WTH) Project enrolled asymptomatic, com-
munity-based women with no history of heart disease who
were followed up for 10 years. We compared cardiovas-
cular events (ie, myocardial infarction, stroke, and hos-
pitalization for heart failure) and death in 540 WISE
women with suspected ischemia but no angiographic evi-
dence of obstructive CAD with those from a cohort of
1000 age- and race-matched WTH women.

Results: Compared with the WISE women, asymptom-
atic WTH women had a lower prevalence of obesity, fam-

ily history of CAD, hypertension, and diabetes mellitus
(P� .001). Five-year annualized event rates for cardio-
vascular events were 16.0% in WISE women with non-
obstructive CAD (stenosis in any coronary artery of 1%-
49%), 7.9% in WISE women with normal coronary arteries
(stenosis of 0% in all coronary arteries), and 2.4% in
asymptomatic WTH women (P� .002), after adjusting
for baseline CAD risk factors. The cardiovascular events
were most frequent in women with 4 or more cardiac risk
factors, with the 5-year annualized cardiovascular event
rate being 25.3% in women with nonobstructive CAD,
13.9% in WISE women with normal coronary arteries,
and 6.5% in asymptomatic women (P=.003).

Conclusion: Women with symptoms and signs sugges-
tive of ischemia but without obstructive CAD are at el-
evated risk for cardiovascular events compared with
asymptomatic community-based women.
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S YMPTOMS OF ANGINA IN THE

absence of clinically signifi-
cant coronary artery disease
(CAD) constitute a rela-
tively common clinical sce-

nario in women and remain a challenge
for physicians caring for such patients. Un-
til recently, the prognosis of women with
signs and symptoms suggestive of myo-
cardial ischemia in the absence of obstruc-
tive CAD was thought to be benign,1-3 and
such women have been offered little more
than reassurance that they do not have
heart disease, despite signs and symp-
toms that have required them to undergo
coronary angiography.4 More recently, the
notion of its benign nature has been chal-
lenged, with evidence showing that women
with chest pain in the setting of normal
or nonobstructive coronary arteries have
a high risk of future cardiac events.5-9 To
our knowledge, there have been no pro-
spective studies examining the implica-

tions of chest pain in the absence of ob-
structive CAD in women, relative to a
population of asymptomatic women.

Chest pain and other equivalent car-
diac symptoms that are suggestive of myo-
cardial ischemia, even in the absence of ob-
structive CAD, have important functional
and economic implications to women and
society. A recent retrospective study of men
and women with suspected ischemia re-
sulting in referral for angiography showed
that women were more often found to have
angiographically normal coronary arter-
ies. These same women were 4 times more
likely to be readmitted for chest pain or
for acute coronary syndrome within the
next 180 days.9 Data from the Women’s
Ischemia Syndrome Evaluation (WISE)
study estimate that, among the approxi-
mately 500 000 US women who undergo
coronary angiography annually, half will
have no obstructive lesions (where ob-
struction is considered �50% narrowing
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in any coronary artery) in contrast to 7% to 17% of men
who undergo angiography.9-13

Given this high rate of nonobstructive coronary an-
giograms, until recently such women were usually of-
fered little in terms of treatment, despite recurrent symp-
toms requiring hospitalization, repeated procedures,
functional disabilities, and future cardiac events that trans-
late to a heavy economic burden with average lifetime
costs estimated to be greater than $750 000.14 Despite
being a common clinical scenario with important pub-
lic health consequences, the prevalence of chest pain in
the absence of obstructive CAD has not declined since it
was first reported.15-18

We sought to investigate the prognostic implications of
cardiacsymptomsinwomenwithnonobstructiveCADcom-
pared with community-dwelling women without cardiac
symptoms. We investigated this prospectively in a cohort
ofsymptomaticwomenreferredforclinicallyindicatedcoro-
nary angiography and compared them with a cohort of
asymptomatic women free of known CAD at baseline.

METHODS

SYMPTOMATIC WOMEN

The symptomatic women were enrolled in the WISE study, spon-
sored by the National Institutes of Health and National Heart,
Lung, and Blood Institute, a prospective study that enrolled
women at 4 clinical centers. The aim of the WISE study was to
improve diagnostic testing strategies and advance new hypoth-
eses related to the pathophysiologic processes of cardiovascu-
lar disease in women and has been described in full else-
where.19 The study cohort included 936 women of 7603 screened
who presented with chest pain symptoms or suspected myo-
cardial ischemia and underwent diagnostic coronary angiog-
raphy. Women with a diagnosis of CAD or a previous coro-
nary event (ie, myocardial infarction, stroke, or revascularization)
were excluded from this study.

All participants underwent a baseline physical examina-
tion that included blood pressure and physical assessments.
Demographic data, medical history, and symptoms were col-
lected at the initial evaluation. Cardiac risk was assessed using
a self-report questionnaire inquiring about the patient’s his-
tory of diabetes mellitus, dyslipidemia, and hypertension and
family history of CAD and other cardiac risk factors. All women
underwent coronary angiography at enrollment, and these an-
giograms were quantitatively and qualitatively evaluated for the
presence and extent of CAD by the WISE angiographic core
laboratory (blinded to historical data) as previously de-
scribed.20 Obstructive CAD was defined as 50% or greater ste-
nosis in any epicardial coronary artery, and only the 540 women
with normal coronary arteries (defined as 0% stenosis in all coro-
nary arteries) or nonobstructive CAD (defined as 1%-49% ste-
nosis in any coronary artery) were included in this analysis.

Outcomedatawerecollectedbytelephoneinterviewat6weeks
after the initial assessment and annually thereafter. Death certifi-
cates were reviewed blindly to determine the cause of death. The
mean follow-up timewas5.2years. Studyprocedures and follow-
up methods were approved by each center’s institutional review
board. Informedconsentwasreceived fromallWISEparticipants.

ASYMPTOMATIC WOMEN

The asymptomatic population came from the St James Women
Take Heart (WTH) Project. The aim of the WTH was to evalu-

ate the role of exercise stress testing in asymptomatic women.
The WTH cohort has been described in full previously.21,22

Briefly, in 1992 a call for volunteers from the greater Chicago
metropolitan area resulted in a cohort of 5932 asymptomatic
women. Inclusion criteria were being 35 years or older, hav-
ing no active cardiovascular disease, and being able to walk on
a treadmill at a moderate pace. Women were excluded if they
were pregnant, had experienced typical anginal symptoms or
myocardial infarction within the previous 3 months, weighed
more than 147 kg, or had blood pressure of 170/110 mm Hg
or higher before initiating the stress test.

All participants underwent a physical examination. During
the recording of the baseline resting electrocardiography, su-
pine blood pressure was measured by technicians using stan-
dard clinical procedures.23

For this analysis, the WTH study-specific exclusion crite-
ria were (1) performance of the modified Bruce protocol
(n=109); (2) presence of any cardiac disease, including pre-
vious myocardial infarction, documented cardiovascular dis-
ease, heart failure, or valvular heart disease (n=91); and (3)
incomplete data concerning cardiac risk factors (n=11). In
2001, a clinical follow-up was performed. Questionnaires
were used to document new cardiovascular outcomes since
the baseline evaluation. All-cause mortality was determined
using a National Death Index search to identify deaths and
causes of death from the baseline evaluation in 1992 through
the end of 2000.

Study procedures and follow-up methods were approved
by the institutional review boards of the study’s research
centers. Informed consent was received from all WTH
participants.

CARDIOVASCULAR END POINTS

The cardiovascular end point collected in both cohorts in-
cluded myocardial infarction, hospitalization for heart failure,
stroke, cardiac mortality, and all-cause mortality. The pri-
mary composite end point consisted of cardiovascular events,
defined as the composite of myocardial infarction, hospitaliza-
tion for heart failure, stroke, or cardiac mortality. The second-
ary composite end point consisted of myocardial infarction, hos-
pitalization for heart failure, stroke, or all-cause mortality.

STATISTICAL ANALYSIS

For the 540 WISE women without obstructive CAD, we ran-
domly selected 1000 age- and race-matched WTH women with-
out previous evidence of CAD. Matching was accomplished by
oversampling among minority and older WTH women. The
WISE women were further stratified by the presence vs ab-
sence of obstructive stenosis, with normal coronary arteries de-
fined as 0% stenosis (normal coronary arteries) (n=318), and
nonobstructive coronary arteries defined as 1% to 49% lumi-
nal stenosis (n=222). Descriptive analyses of all variables were
examined. Population characteristics between the sympto-
matic (WISE) and asymptomatic (WTH) women were com-
pared using �2 tests or Fisher exact measures for categorical
variables or using the t test or nonparametric rank sum test (2
sided), where appropriate, for continuous variables. Because
time-to-event data were unavailable in the WTH women,
standard survival analysis methods could not be used. In-
stead, we calculated average 5-year event rates that were then
entered as the number of events per subgroup into �2 analysis.
To calculate risk-adjusted P values, adjusted event rates were
generated by general linear methods and reconverted to
5-year risk-adjusted number of events per subgroup for �2

analysis.
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RESULTS

COMPARISON OF POPULATION
CHARACTERISTICS

The WISE and WTH women were well matched, with a
mean (SD) age of 55.7 (10.8) vs 55.0 (10.3) years (P=.20)
and racial minorities constituting 17.6% vs 17.5% (P=.96).
Within the symptomatic WISE cohort of 936 women, a total
of 396 (42.3%) had 50% or greater stenosis in 1 or more
coronary arteries. Among those without obstructive le-
sions, 318 (58.9%) had normal coronary arteries and 222
(41.1%) had nonobstructive CAD. Baseline characteris-
tics of the WISE and WTH populations are summarized
in Table 1. As expected, most traditional cardiac risk fac-
tors were more prevalent in the symptomatic compared with
the asymptomatic women, with the highest prevalence in
those with nonobstructive CAD (P� .001). The only ex-
ceptions were that the asymptomatic women had lower
mean high-density lipoprotein (HDL-C) and higher mean
low-density lipoprotein (LDL-C) cholesterol levels com-
pared with the symptomatic cohort, regardless of the de-
gree of stenosis. Diastolic blood pressure was also higher
in the asymptomatic women (P� .001). Family history of
CAD was highest in those with symptoms of angina, but
there was no difference in the prevalence in those with nor-
mal coronary arteries compared with those with nonob-

structive CAD. The use of aspirin, antihypertensive medi-
cation, andmedications to lower lipid levelswas significantly
greater in the symptomatic women, particularly those with
nonobstructive CAD (P� .001) (Table 1).

5-YEAR CARDIOVASCULAR EVENT RATES

Rates of adverse cardiovascular events were highest for the
symptomatic women with nonobstructive CAD com-
pared with the symptomatic women with normal coro-
nary arteries (P� .001) (Table 2). However, sympto-
matic women with normal coronary arteries had
approximately 3-fold higher rates of the primary and sec-
ondary composite end points compared with the asymp-
tomatic cohort of women (P=.002 and P=.008, respec-
tively), even after adjusting for age, race, body mass index
(calculated as weight in kilograms divided by height in me-
ters squared), history of hypertension and diabetes melli-
tus, education, employment, family history of CAD, meno-
pausal status, smoking history, and presence of the
metabolic syndrome (Table 2). In addition, further analy-
ses were performed that adjusted for LDL-C and HDL-C
levels and history of hypertension, and no significant dif-
ferences were found compared with the reported analysis;
however, these covariates were not available for all women
and are not reported herein. The increased rates of events
in symptomatic women with normal coronary arteries were
largely accounted for by increased incidence of hospital-

Table 1. Baseline Demographic and Clinical Characteristicsa

Asymptomatic Women
(WTH)

(n=1000)

Symptomatic Women (WISE)

Age-Adjusted
P Value

Normal Coronary
Arteriesb

(n=318)

Nonobstructive
CADc

(n=222)

Age, mean (SD), y 54.8 (10.3) 53.6 (10.4) 58.7 (10.6) .02
BMI, median (IQR) 26.0 (23.4-29.9) 29.1 (25.6-34.6) 28.9 (24.7-33.2) �.001
Race .85

White 82.2 81.8 83.3
African American 12.3 17.3 16.2
Other 5.5 0.9 0.4

Postmenopausal 68.1 73.2 85.9 �.001
Family history of CAD 43.6 66.2 64.5 �.001
Hypertensiond 17.6 50.2 60.8 �.001
Diabetes mellituse 5.0 14.2 19.8 �.001
Metabolic syndromef 35.5 49.8 59.5 �.001
Smoking history 17.2 45.6 57.7 �.001
SBP, mean (SD), mm Hg 129.7 (19.1) 134.8 (19.8) 136.5 (21.4) �.001
DBP, mean (SD), mm Hg 82.2 (10.2) 76.8 (10.5) 76.9 (10.8) �.001
HDL-C level, mean (SD), mg/dL 52.4 (15.3) 55.7 (12.3) 54.3 (13.8) .003
LDL-C level, mean (SD), mg/dL 136.0 (34.8) 111.3 (36.2) 113.8 (39.6) �.001
Use of medications to lower lipid levels 2.7 11.7 36.5 �.001
Antihypertensive medication use 12.3 40.7 47.8 �.001
Aspirin use 23.9 44.3 62.0 �.001

Abbreviations: BMI, body mass index (calculated as weight in kilograms divided by height in meters squared); CAD, coronary artery disease; DBP, diastolic
blood pressure; HDL-C, high-density lipoprotein cholesterol; IQR, interquartile range; LDL-C, low-density lipoprotein cholesterol; SBP, systolic blood pressure;
WISE, Women’s Ischemia Syndrome Evaluation; WTH, St James Women Take Heart Project.

SI conversion factor: To convert cholesterol levels to millimoles per liter, multiply by 0.0259.
aUnless otherwise indicated, data are expressed as percentage of patients.
b Indicates 0% stenosis.
c Indicates 1% to 49% stenosis.
dBased on a self-reported history of hypertension (treated or untreated).
eBased on a self-reported history of diabetes mellitus and/or fasting blood glucose level of greater than 140 mg/dL or nonfasting blood glucose level of greater

than 200 mg/dL (to convert glucose to millimoles per liter, multiply by 0.0555).
fDefined by the Third Adult Treatment Panel criteria, with at least 3 of 5 of the stated criteria.
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ization for heart failure (P=.002) and stroke (P=.004). Al-
though the rate of cardiovascular death was more than twice
as high as the rate in the control WTH (asymptomatic)
women, this was not statistically significant.

When categorized by the number of cardiovascular risk
factors, which included smoking history, diabetes, LDL-C

levelofgreater than130mg/dL,HDL-Clevelofgreater than
50 mg/dL (to convert cholesterol levels to millimoles per
liter,multiplyby0.0259), familyhistoryofCAD,bodymass
index of 30 or greater, and systolic blood pressure higher
than 140 mm Hg, within each population of women there
was an increased rate of the primary composite end point
withanincreasingnumberofcardiacriskfactors(Figure1).
TheWISEwomenhadhigher ratesof theprimarycompos-
ite end point within all risk categories compared with the
WTH women. Among those with 4 or more cardiovascu-
larriskfactors,WISEwomenwithnonobstructiveCADwere
more than 3 times as likely to experience the primary com-
positeendpointthanasymptomaticwomen(25.3%vs6.5%,
respectively) (P� .001).

The relationship between age and cardiovascular events
differed by subgroups (Figure 2). In asymptomatic
women, age was an important risk factor with respect to
outcome. Specifically, before age 62 years, the event rate
increased slightly by age. After 62 years of age, the event
rate underwent a sharp increase (P� .001 for trend), be-
coming similar to the event rate experienced by symp-
tomatic women without noticeable stenosis. In sympto-
matic women with completely normal-appearing coronary
arteries, there was a slight trend toward increasing event
rates with age. However, this trend is not statistically sig-
nificant (P=.55 for trend). Despite similar event rates in
both of these groups after 62 years of age, the overall rates
differ significantly, as demonstrated in Figure 2 (P=.003).
Finally, age is a significant factor in symptomatic women
with nonobstructive CAD (P=.047 for trend), with most
of the difference from the other 2 groups emerging after
54 years of age (Figure 2).

COMMENT

Women with cardiac symptoms but without obstruc-
tive CAD constitute a relatively common clinical sce-
nario and, until recently, have been considered to be a

Table 2. Five-Year Rates of Cardiovascular Outcomes in Asymptomatic Women Compared With Symptomatic Women
With Normal and Nonobstructive CAD

Asymptomatic Women
(WTH)

(n=1000)

Symptomatic Women (WISE)

Adjusted
P Valuec

Adjusted
P Valuec,d

Normal Coronary
Arteriesa

(n=318)

Nonobstructive
CADb

(n=222)

MI, % 0.7 0.9 3.9 .07 .31
Hospitalization for CHF, % 0.3 3.3 5.6 �.001 .002
Stroke, % 1.0 2.4 5.2 .002 .004
Death due to CV, % 0.6 1.5 4.4 .11 .82
All-cause mortality, % 2.1 3.0 8.2 .04 .74
Primary composite end point, %e 2.4 7.9 16.0 �.001 .002
Secondary composite end point, %f 3.9 9.1 19.1 �.001 .008

Abbreviations: CAD, coronary artery disease; CHF, congestive heart failure; CV, cardiovascular causes; MI, myocardial infarction; WISE, Women’s Ischemia
Syndrome Evaluation; WTH, St James Women Take Heart Project.

a Indicates 0% stenosis.
b Indicates 1% to 49% stenosis.
cAdjusted for age, race, body mass index, systolic blood pressure, diabetes mellitus, education, employment, family history of CAD, smoking history, and the

metabolic syndrome.
dCompares the WTH cohort with the WISE cohort who had normal coronary arteries.
eConsists of MI, hospitalization for heart failure, stroke, or cardiovascular death.
fConsists of MI, hospitalization for heart failure, stroke, or death due to any cause.
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Figure 1. Five-year primary composite event rate according to risk factor
category. Rates are presented for asymptomatic women (group 1) compared
with symptomatic women with normal coronary arteries (0% stenosis)
(group 2) and nonobstructive coronary artery disease (stenosis in any
coronary artery of 1%-49%) (group 3). Cardiovascular risk factors include
smoking, diabetes mellitus, low-density lipoprotein cholesterol level of greater
than 130 mg/dL, high-density lipoprotein cholesterol level of less than 50
mg/dL, family history of coronary artery disease, body mass index (calculated
as weight in kilograms divided by height in meters squared) of 30 or more, and
systolic blood pressure higher than 140 mm Hg. Primary composite event
consists of nonfatal myocardial infarction, hospitalization for congestive heart
failure, stroke, or cardiovascular death. WISE indicates Women’s Ischemia
Syndrome Evaluation; WTH, St James Women Take Heart Project. To convert
cholesterol levels to millimoles per liter, multiply by 0.0259.
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low-risk population based on early cohort studies.2,3,24 De-
spite evidence of myocardial ischemia that is demon-
strated after presenting with cardiac symptoms, an an-
giogram that is reportedly normal or shows nonobstructive
CAD will ultimately result in little medical treatment, aside
from reassurance, despite the presence of cardiac symp-
toms. This approach is of concern to clinicians and pa-
tients because many of these women will continue to have
symptoms that will lead to rehospitalization, repeated di-
agnostic testing, and little treatment or relief of the pre-
senting symptoms. Our study demonstrates for the first
time, to our knowledge, that community-dwelling women
with symptoms of myocardial ischemia have an in-
creased risk of future cardiovascular events, even in the
absence of obstructive CAD by coronary angiography or
when results of an angiogram are considered com-
pletely normal compared with asymptomatic women. The
risk of nonfatal and fatal cardiovascular events for symp-
tomatic women with nonobstructive CAD during the next
5 years is almost twice that of symptomatic women with
normal coronary arteries and 4-fold greater than that of
asymptomatic women. This is the first study to date dem-
onstrating that normal coronary arteries associated with
cardiac symptoms do not carry a benign prognosis when
compared with those of asymptomatic women, even af-
ter controlling for traditional cardiac risk factors.

Only 1 previous study in women shows that the pres-
ence of ischemic symptoms may be associated with in-
creased cardiovascular events.25 The Women’s Health Ini-
tiative Observational Study followed up a large cohort
of postmenopausal women free of heart disease at base-
line. The authors demonstrated that women who were
hospitalized with a diagnosis of nonspecific chest pain
were at an increased risk for a future cardiovascular event
after the hospitalization (11.0% compared with 9.5% in
those without such a hospitalization). These women with
nonspecific chest pain were older and had more cardiac
risk factors, which is confirmed by our findings. How-
ever, that study included only women who were hospi-
talized overnight and thus did not include women who
may have had an outpatient workup for similar symp-
toms; importantly, no data were provided regarding
whether angiography was performed or what the results
of such testing were. Nonetheless, results of that study
and ours support the notion that symptoms suggestive
of ischemia may be an independent predictor of cardio-
vascular events.

We hypothesize that the reason for the poor progno-
sis in symptomatic women in the absence of obstructive
CAD is the fact that an appreciable number of women
with cardiac symptoms have myocardial ischemia due to
endothelial dysfunction, as previously shown in a sub-
set of women from the WISE Study.5 Therefore, the ap-
pearance of normal coronary arteries may be misleading
because many women may have myocardial ischemia re-
lated to atherosclerotic disease reflected by endothelial
dysfunction that is not seen by results of traditional coro-
nary angiography. Endothelial dysfunction reflects an ab-
normal coronary arteriole response to myocardial oxy-
gen demand. In normal coronary arteries, coronary flow
reserve can increase 2.5- to 5-fold in response to a meta-
bolic or pharmacologic stress.26,27 An impaired response

reflects ischemia that may be occurring during periods
of increased myocardial oxygen demand.28

It has been hypothesized that this abnormal endothe-
lial response may be the earliest marker of vascular dis-
ease, representing a critical step in atherosclerosis.29,30 The
mechanism of this impaired endothelial response ap-
pears to be due to imbalance between endothelium-
derived vasodilators that have antithrombotic and anti-
mitogenic properties and endothelium-derived
vasoconstricting factors with proatherogenic activ-
ity.31-33 Endothelial dysfunction can be detected by coro-
nary flow response during cardiac catheterization using
intracoronary Doppler ultrasonography velocity with pro-
voking agents such as acetylcholine.6,34 It can also be as-
sessed using single-photon emission computed tomog-
raphy,35 positron emission tomography,26 and magnetic
resonance imaging,35,36 where myocardial perfusion is as-
sessed at the endothelial level.

Previous studies, including studies from the WISE co-
hort, have demonstrated that women without angio-
graphic CAD but with persistent anginal symptoms have
a worse prognosis if there is evidence of endothelial dys-
function.5-7,37,38 In the WISE study, 74 of the women with
no CAD on angiography underwent magnetic reso-
nance spectroscopy to detect myocardial ischemia with
handgrip stress, and 14 of these had an abnormal result.
Women with no obstructive CAD and a normal mag-
netic resonance spectroscopy finding had a 13% cardio-
vascular event rate during the next 3 years. Women with
no obstructive CAD but an abnormal magnetic reso-
nance spectroscopy finding had a cardiovascular event
rate of 43% during the next 3 years, which was similar
to the event rate in the reference WISE women with ob-
structive CAD (48%) (P=.42).5 Another study that fol-
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Figure 2. Five-year primary composite event rate according to age. Rates are
presented for asymptomatic women (group 1) compared with symptomatic
women with normal coronary arteries (0% stenosis) (group 2) and
nonobstructive coronary artery disease (stenosis in any coronary artery of
1%-49%) (group 3). Primary composite event rate consists of nonfatal
myocardial infarction, hospitalization for congestive heart failure, stroke, or
cardiovascular death. WISE indicates Women’s Ischemia Syndrome
Evaluation; WTH, St James Women Take Heart Project.
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lowed up 42 women with chest pain, angiographically
normal coronary arteries, and evidence of severe endo-
thelial dysfunction demonstrated that 30% of these women
developed CAD during the next 10 years.6 Similar find-
ings were shown in a study by Suwaidi et al,37 in which
157 men and women with nonobstructive CAD under-
went testing for endothelial dysfunction. Those with evi-
dence of severe endothelial dysfunction had an increase
in cardiovascular events.

Our present study also demonstrated that, although the
number of cardiac risk factors was directly associated with
cardiac events, the presence of ischemic symptoms in these
women was an independent predictor of future cardiac
events, despite their angiographically normal or nonob-
structive coronary arteries. Previous studies have shown
that endothelial dysfunction is associated with traditional
cardiac risk factors known to predispose to atherosclero-
sis.39,40 Although the relative importance of each cardiac risk
factor is difficult to determine in the small studies to date,
several studies have demonstrated that the treatment of car-
diovascular risk factors known to result in endothelial dys-
function is associated with an improvement in endothe-
lial response.41-44 It has been hypothesized by others that
endothelial dysfunction may be thought of as the inte-
grated risk of cardiac risk factors and may serve as a sen-
sitive marker for their functional significance,33,45 which may
explain why in the symptomatic women the effect of car-
diac risk factors on future cardiac events was greatest in

the women with nonobstructive CAD compared with symp-
tomatic women with normal coronary arteries and was least
in the asymptomatic women. The risk factor burden seems
to be greatest in those with some visible atherosclerotic dis-
ease, despite its nonobstructive nature. Nonetheless, women
with normal-appearing coronary arteries who are symp-
tomatic have a poorer prognosis, even with the same risk
factor burden, possibly because their symptoms reflect en-
dothelial dysfunction due to the effect of traditional car-
diac risk factors on these women.

STUDY LIMITATIONS

The symptomatic WISE women included only women
who were referred for a coronary angiogram if clinically
indicated based on signs and symptoms suggestive of myo-
cardial ischemia. This group would include both appro-
priate and potentially inappropriate referrals, but such a
referral pattern reflects what is seen in most angio-
graphic laboratories. The WISE cohort was accessed
through 1 of 4 hospital systems and, as such, this cohort
reflects women who have access to health care.

The asymptomatic WTH cohort is a volunteer cohort
of women who were asked to undergo an exercise stress
test as part of the study and is subject to the usual effect
of volunteer bias.

Cardiovascular events were self-reported in both co-
horts and, as a result, were subject to recall bias. Only

Consider coronary vascular
function study

Medical management, consider
coronary revascularization

Normal myocardial stress
evaluation results?

Asymptomatic woman

Symptoms stable?

Woman with symptoms suggestive
of ischemia

Normal angiography findings
or nonobstructive CAD (1%-49%

luminal diameter stenosis)?

Cardiac risk factor management as per
AHA evidence-based guidelines for
heart disease prevention in women

Myocardial stress evaluation (gated SPECT,
MRI, or PET) to assess for ischemia

Aggressive medical and symptom
management (aspirin, β-blockers, statins,
angiotensin-converting enzyme inhibitors,
tricyclic antidepressants, exercise training)

Coronary angiographyEvaluated nonischemic cardiac and
noncardiac causes of chest pain,

aggressive cardiac risk factor management

Normal coronary vascular
function study results?

Yes No

Yes No

Yes No

Yes No

Yes

Figure 3. Suggested algorithm for the treatment of women with and without symptoms suggestive of ischemia. AHA indicates American Hospital Association;
CAD, coronary artery disease; MRI, magnetic resonance imaging; PET, positron emission tomography; and SPECT, single-photon emission computed
tomography. Adapted and modified with permission from Bugiardini and Bairey Merz.4
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deaths in the WISE cohort were confirmed by medical
records and adjudicated for cause. The WTH cohort was
reexamined and interviewed for cardiovascular events at
10 years in contrast to the annual collection of events by
the WISE investigators, possibly introducing more recall
bias into the WTH event rates. All of the women under-
going assessment in both cohorts came from different geo-
graphical areas with different rates of cardiovascular dis-
ease, and this may be a confounder in the analysis. A subset
of the WISE cohort underwent assessment of endothe-
lial function, and we based our hypothesis on this and
the findings of other studies.

Another limitation of this study was our inability to
adjust for left ventricular hypertrophy on electrocardiog-
raphy because this was not available for the full WISE
cohort. Evidence of left ventricular hypertrophy has been
shown to be associated with increased cardiovascular
events.46 Nonetheless, we adjusted for systolic blood pres-
sure, which is often associated with left ventricular
hypertrophy.47

CLINICAL IMPLICATIONS

Based on our findings reported herein and the findings
of others5-7,34,37,38 linking endothelial dysfunction and fu-
ture cardiovascular events, we recommend that all women
with symptoms suggestive of ischemia undergo initial
evaluation for obstructive CAD. If there is no evidence
of obstructive CAD, such women need further assess-
ment for endothelial dysfunction. If endothelial dysfunc-
tion is identified by coronary vascular function studies,
targeted treatment to improve endothelial function is rec-
ommended.4 Women with symptoms but without endo-
thelial dysfunction need aggressive risk factor modifica-
tion.4 Asymptomatic women should have routine risk
factor management, as outlined by the American Heart
Association guidelines for heart disease prevention in
women (Figure 3).48

CONCLUSIONS

Women with signs and symptoms of myocardial ische-
mia but normal coronary arteries or a nonobstructive find-
ing on a coronary angiogram historically have been told
that they do not have heart disease. Nonetheless, these
women often have persistent symptoms that require re-
hospitalization and repeated cardiac testing and that pose
great difficulty to clinicians caring for such women.14 We
have demonstrated that such symptomatic women with
normal and nonobstructive CAD are at a relatively high
risk of future cardiac events, particularly symptomatic
women with 1 or more cardiac risk factors. Given that
CAD remains the leading cause of death in women in the
United States and that this clinical scenario of cardiac
symptoms in the absence of obstructive CAD is rela-
tively common, future investigations need to expand on
the mechanisms and pathophysiologic processes of vas-
cular dysfunction in symptomatic women. In addition,
future research needs to focus on randomized clinical trials
to determine the effectiveness of treatment both for symp-
toms and for endothelial dysfunction. Nonetheless, symp-

tomatic women with normal coronary arteries or non-
obstructive CAD do not have a benign prognosis and, as
such, should have cardiac risk factors aggressively treated
and possibly should be considered for further testing for
endothelial dysfunction.
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