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Although cardiovascular mortality for men has been declining, the number of women
dying from cardiovascular disease has slightly increased. Differences between women
and men have been identified throughout the entire spectrum of ischemic heart disease,
from risk factors to presentation and from diagnosis to treatment and outcomes. In
the setting of an acute coronary syndrome or acute myocardial infarction, women 
are significantly more likely than men to report multiple non–chest pain symptoms,
including dyspnea, nausea/vomiting, abdominal pain, back pain, neck pain, and jaw
pain. Investigations into the pathophysiology of ischemic heart disease in women
have broken away from the traditional thinking that coronary artery disease simply
equals epicardial stenosis. In women, the new paradigm of coronary artery disease also
focuses on diffuse atherosclerosis, endothelial dysfunction, and microvascular disease.
Further research focusing on sex differences in cardiovascular disease is needed, but
enough is currently known to offer a sex-based approach, which may ultimately lead
to improved outcomes.
[Rev Cardiovasc Med. 2007;8(2):61-68]

© 2007 MedReviews, LLC

Key words: Cardiovascular disease • Women • Diabetes • Diffuse atherosclerosis
• Endothelial dysfunction • Percutaneous coronary intervention

Providing care for a woman with cardiac risk factors or coronary artery dis-
ease (CAD) in 2007 requires a shift from the traditional paradigm of care
that developed in the latter half of the 20th century. The traditional para-

digm was born in the early 1950s, when there was a surge of interest in under-
standing the high prevalence of CAD afflicting previously healthy, working,
middle-aged men. From this interest grew an enormous body of scientific data
and clinical experience that ultimately shaped and solidified our current think-
ing and teaching of ischemic heart disease (IHD). The paradigm was based on
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men and it served them well—the
number of men who died from car-
diovascular disease (CVD) decreased
steadily over the ensuing years. It
was assumed that this paradigm
could be applied to women, but that
assumption has been challenged. Al-
though cardiovascular mortality for
men has been declining, the number
of women dying from CVD has
slightly increased. This difference
has resulted in a widening sex gap,
with more women than men dying
from CVD each year since 1984.1

Efforts to raise awareness and calls
for studies have resulted in a solid
foundation of scientific literature on
women. Differences between women
and men have been identified
throughout the entire spectrum of
IHD, from risk factors to presentation
and from diagnosis to treatment and
outcomes. As the literature continues
to grow and evolve, so emerges a new
paradigm.

The Woman at Risk
Although women and men are both
adversely affected by the traditional
cardiac risk factors, the prevalence
and relative importance of these risk
factors in determining outcome is
often different between the sexes.
Diabetes in women is particularly
distinct because it significantly nar-
rows the gap in cardiovascular mor-
bidity between women and men.2

The relative risk of coronary heart
disease (CHD) due to diabetes is
much greater in women (3-fold to 7-
fold) than in men (2-fold to 3-fold),3

as is the risk of CHD death (3.50,
95% confidence interval [CI], 2.70-
4.53 in women vs 2.06, 95% CI,
1.81-2.34; P � .0001).4 Adjustment
results in a larger attenuation of the
relative risk of fatal coronary heart
disease among women than men,
suggesting that women with diabetes
have an overall more unfavorable
cardiovascular risk profile than men

or that the cardiac risk factors associ-
ated with diabetes have a bigger im-
pact on women than men. In both
sexes, diabetes is considered a CHD
risk equivalent. 

Insulin resistance and the meta-
bolic syndrome also predict future
cardiovascular risk in women. The
Women’s Ischemia Syndrome Evalu-
ation (WISE) study, a prospective 4-
center project of over 900 women
(mean age 59 � 12 years) sponsored
by the National Heart, Lung, and
Blood Institute (NHLBI), was de-
signed to evaluate diagnostic tech-
niques and pathophysiologic mecha-
nisms in women presenting with
suspected myocardial ischemia and
referred for elective coronary angiog-
raphy. When women from the WISE
study were divided into 3 categories
of metabolic status (normal, meta-
bolic syndrome, and diabetes), inves-
tigators found an approximately 2-
fold increase in the adjusted risk of
death (hazard ratio [HR] 2.01, 95%
CI, 1.26-3.20; P � .003) and major
adverse coronary events (HR 1.88,
95% CI, 1.38-2.57; P � .0001) for
each unit increase in metabolic sta-
tus.5 The metabolic syndrome also
conferred a significantly lower 4-year
survival and event-free survival in
women found to have angiographi-
cally significant CAD at study entry
compared to women without angio-
graphically significant CAD.6 The
WISE study was notably a sex-
specific study so differences between
women and men with insulin resis-
tance and the metabolic syndrome
could not be evaluated.

Two major contributors to dia-
betes and insulin resistance are obe-
sity and physical inactivity. Likewise,
more adult women than men in the
United States are obese7 and seden-
tary.8 The association of body mass
index and physical activity with car-
diovascular morbidity and mortality
was examined at 20 years (or more)

follow-up in a large cohort of women
from the Nurses’ Health Study who
were initially free of CVD. Both a
high body mass index and a low
level of physical activity were signif-
icant and independent predictors of
developing CHD and cardiovascular
mortality.9 In addition, even a mod-
est weight gain (4 kg to 10 kg) during
adulthood was associated with a
27% increased risk of CHD compared
with women with a stable weight,
after adjusting for physical activity
and other cardiovascular risk
factors.10 Whether obesity and phys-
ical inactivity confer a greater overall
risk in women than men remains to
be determined, as does the relative
impact of body fat distribution (cen-
tral vs peripheral) between the sexes.

The lipid profile seen with insulin
resistance and diabetes, specifically
high triglyceride and low high-
density lipoprotein (HDL) levels, has
been shown to predict cardiovascu-
lar death in women, whereas low-
density lipoprotein (LDL) and total
cholesterol levels, stronger predictors
in men, are poorer predictors in
women. In a study of 1400 relatively
healthy middle-aged women with an
average of 14 years follow-up, the
highest death rates occurred in those
women with low HDL, high triglyc-
erides, and normal LDL. In women
with a high HDL (� 50 mg/dL), the
increased risk associated with a high
total cholesterol or LDL was essen-
tially negated.11 This effect may con-
tribute to the lack of a cardiovascular
benefit seen in lipid-lowering, pri-
marily through statin drugs, in
women without CVD.12

With differences in risk factor
prevalence and relative impact on
women compared with men, our
current methods of risk stratifying
and treating asymptomatic individu-
als by the Framingham risk score or
the National Cholesterol Education
Program Adult Treatment Panel III
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(NCEP ATP III) criteria may be inade-
quate. There is growing evidence
that these scores do a poor job of ap-
preciating risk and predicting my-
ocardial ischemia in women. In one
study, 98% of the women fell into
the low-risk category by Framing-
ham, but nearly a third of them had
evidence of significant subclinical
atherosclerosis (as indicated by a
coronary calcium score determined
with multidetector computed to-
mography).13 A retrospective analy-
sis of young (age � 65) women hos-
pitalized for an acute myocardial
infarction (AMI) showed similar
findings. Although women had a
higher mean number of major risk
factors than men (2.9 vs 1.5; P �

.001), when characterized according
to the Framingham risk predictor, no
woman in the study qualified as high
risk, only 5% were considered inter-
mediate risk, and the remaining 95%
had a 10-year CHD risk of less than
10%.14 The most recent guidelines
for cardiovascular disease prevention
in women have highlighted and at-
tempted to address this problem.15

A Different Pathophysiology?
Women presenting with chest pain
suggestive of angina are significantly
less likely than men to have angio-
graphic evidence of obstructive
CAD.16,17 Investigations into the
pathophysiology of IHD in women
have broken away from the tradi-
tional thinking that CAD simply
equals epicardial stenosis. In women,
the new paradigm of CAD also fo-
cuses on diffuse atherosclerosis, en-
dothelial dysfunction, and microvas-
cular disease. Our understanding of
these pathophysiologic abnormali-
ties comes predominately from the
WISE study, which as mentioned,
evaluated only women. Whether or
not these abnormalities are unique
to women or if they are equally ap-
plicable to all patients presenting

with symptomatic non-obstructive
CAD remains to be determined.

It is well known that women have
smaller coronary arteries than men,
even after adjusting for body surface
area.18 In addition, intravascular ul-
trasound studies have demonstrated
that women with cardiac risk factors
tend to have diffuse atherosclerosis
in their coronary arteries associated
with positive remodeling.19,20 Such
epicardial vessels may look accept-
able on angiography, but they do
not necessarily represent a benign
pathology. It has been demonstrated
by using a coronary pressure wire
and calculating fractional flow re-
serve during a slow pullback that dif-
fusely diseased epicardial vessels
without angiographic evidence of a
focal stenosis often have a graded,
continuous loss in pressure along the
arterial length, and that the presence
and/or severity of this coronary pres-
sure gradient cannot be predicted
from the angiogram alone. This re-
sistance to flow in diffusely athero-
sclerotic epicardial arteries likely
contributes to myocardial ischemia
that is noted in the absence of ob-
structive coronary disease.21

Endothelial vasomotor dysfunc-
tion, defined as a significantly blunted
epicardial vasodilatory response (by
quantitative coronary angiography) to
an endothelial-dependent vasodilator,
such as acetylcholine, was found in
more than half of the women tested
in the WISE study, 75% of whom had
no or only mild epicardial CAD. Fur-
thermore, the presence of endothelial
dysfunction was an independent
predictor of long-term cardiovascular
events, including myocardial infarc-
tion, congestive heart failure, and
death (P � .001).22

Endothelial dysfunction is not
only thought to be an early marker
of atherosclerotic CAD, but it may
also contribute to myocardial is-
chemia at the level of the micro-

circulation. Dysfunction of the
endothelial-lined resistance vessels
has important implications because
these vessels are the primary regula-
tors of myocardial perfusion, particu-
larly in the absence of significant
epicardial disease. Disorder of the
coronary microcirculation leading to
myocardial ischemia has long been
postulated as a prominent cause of
angina-like chest pain in patients
without angiographic evidence of
obstructive CAD.23 Advances in non-
invasive and invasive techniques
have improved testing of this micro-
scopic vascular bed.

Seventy-four women from the WISE
cohort without angiographic evidence
of CAD underwent phosphorus-31
nuclear magnetic resonance spec-
troscopy (MRS). During low-level
isometric handgrip exercises, 19% of
them were found to have an abnor-
mal ratio of myocardial high-energy
phosphates, phosphocreatine to
adenosine triphosphate, indicating
myocardial ischemia. These women
were then compared with women
having no CAD and a normal MRS,
as well as with women having CAD
(� 50% stenosis in � 1 coronary
artery). The cumulative 3-year rate of
freedom from events, including
death, myocardial infarction, con-
gestive heart failure, stroke, other
vascular events, or hospitalization
for unstable angina, was highest in
women with no CAD and a normal
MRS (87%). This rate was signifi-
cantly better than the rate in women
with no CAD but an abnormal MRS
(57%; P � .009) and in women with
CAD (52%; P � .0001).24

In addition, WISE researchers
found that 60% of the women tested
had evidence of microcirculatory
dysfunction by coronary flow reserve
(CFR) using an intracoronary Doppler-
tipped guidewire (mean CFR � 1.84).
Women with evidence of microcircu-
latory dysfunction also tended to
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have a blunted epicardial dilation to
intracoronary adenosine compared
with women who had normal mi-
crovascular reserve function (�1.7%
vs �17.2% change in epicardial cross-
sectional area by quantitative coro-
nary angiography), suggesting the
presence of endothelial dysfunction.25

Although methods of evaluating
the coronary microcirculation have
improved, they are still limited. Both
CFR and P-31 nuclear MRS likely
underestimate the presence of mi-
crovascular dysfunction because they
evaluate a limited portion of the
myocardium. CFR is generally per-
formed in a single vessel and P-31
nuclear MRS spectroscopy evaluates
metabolism in only a small area of
myocardium in the anterior wall of
the left ventricle. When microvascu-
lar function is evaluated by 13N-NH3

positron emission tomography, there
is substantial discordance of classifi-
cation of microvascular function
among coronary artery distributions
in women with chest pain and no
CAD, suggesting that microvascular
dysfunction is distributed heteroge-
neously in the myocardium.26

Platelet function and plaque vul-
nerability appear to differ between
the sexes. Among young survivors of
myocardial ischemia, women have
more platelet aggregability to adeno-
sine diphosphate and less platelet in-
hibition to prostacyclin than men.27

Thrombi found at autopsy in women
who died of sudden cardiac death are
more often associated with erosion of
a proteoglycan and smooth muscle
cell–rich plaque rather than rupture
of a thin fibrous cap exposing a lipid-
rich, often calcified plaque.28 In addi-
tion, when compared with women
who die from plaque rupture, women
who die from plaque erosion tend to
be younger and more likely to smoke,
and they have relatively little coro-
nary narrowing associated with their
plaque.29 Women who die from

plaque rupture tend to be older and
more hypercholesterolemic, and to
have a relatively severe coronary
stenosis associated with their plaque.

Symptomatic and 
Clinical Presentation
The contemporary paradigm sug-
gests that clinicians who evaluate
women for possible ischemic coro-
nary disease should listen for a
broader range of symptomatic com-
plaints than are typically heard from
men. In the setting of an acute coro-
nary syndrome (ACS) or AMI, the
most common symptom reported by
both women and men is chest pain,
and they are equally likely to report
it. However, women are significantly
more likely to report multiple
non–chest pain symptoms including
dyspnea, nausea/vomiting, abdomi-
nal pain, back pain, neck pain, and
jaw pain. Women report a mean of
3.4 � 1.8 symptoms, whereas men
report a mean of 2.5 � 1.4 symptoms
(P � .0002).30-32 In addition, al-
though men and women are equally
likely to have exertional angina,
women are more likely to experience
pain at rest, during sleep, or with
mental stress.33 This difference may
reflect the pathophysiology of en-
dothelial and microcirculatory dys-
function. Although such symptoms
have been traditionally called
“atypical,” the term is a misnomer in
the current era. They may be atypical
for a man, but they are typical for a
woman, and failure to recognize this
distinction may contribute to delays
in diagnosis and treatment. 

Asking premenopausal women
with symptoms where they are in
their menstrual cycle can be infor-
mative. Estrogen increases nitric
oxide synthase activity in the vascu-
lar endothelium and directly relaxes
vascular smooth muscle by antago-
nizing calcium channels.34 It has
been demonstrated in both healthy

women and women with evidence of
endothelial dysfunction that flow-
mediated dilation of the brachial
artery is significantly lower during
the menstrual phase, when estrogen
levels are lowest.35 In women with
evidence of endothelial dysfunction,
ischemic episodes defined by ST-
segment changes on 24-hour ambu-
latory electrocardiographic monitor-
ing are most common during the
menstrual phase and least common
during the follicular phase, when es-
trogen levels are highest (3.9 � 0.6
episodes per day vs 0.3 � 0.1
episodes per day; P � .001).36

Multiple studies show that com-
pared with men, women who pre-
sent with ACS or AMI are older at
presentation (by about 3 to 8 years)
and are more likely to have a history
of hypertension, diabetes, hyperlipi-
demia, prior angina, and prior con-
gestive heart failure. Women are less
likely than men to have a history of
myocardial infarction, percutaneous
coronary intervention (PCI), or coro-
nary artery bypass grafting (CABG).
In addition, women tend to present
later, are more likely to present with
unstable angina than a myocardial
infarction, and have a higher Killip
class upon presentation (despite a
more preserved left ventricular func-
tion). These differences in baseline
characteristics persist even after ad-
justment for other baseline charac-
teristics, including age.17,37 Finally,
women presenting with ACS are less
likely than men to have elevated cre-
atinine kinase-myocardial band and
troponin T (TnT) or troponin I (TnI)
levels, but are more likely to have
elevated high-sensitivity C-reactive
protein (hs-CRP) and brain natri-
uretic peptide (BNP).38 Elevated
biomarkers, particularly TnT and
TnI, predict adverse outcomes—
including death or myocardial in-
farction—in both sexes. These find-
ings have implications for optimal
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treatment strategies, as will be
discussed.

Noninvasive Diagnostic Testing
When it comes to diagnosing CAD,
noninvasive tests appear to be less
accurate in women than in men. The
least accurate is exercise electrocar-
diography.39 Reasons for the lower
accuracy in women include a lower
CAD prevalence, digoxin-like estro-
gen effects, differences in chest wall
anatomy, the inability of many
women to reach maximum aerobic
capacity, and the fact that the meth-
ods and thresholds for exercise elec-
trocardiography were developed
using men almost exclusively. Imag-
ing, with either echocardiography or
radionuclide scans, improves diag-
nostic accuracy, particularly in terms
of specificity. In general, exercise
echocardiography has the highest
sensitivity and specificity for
women, with rates that are equiva-
lent to those for men.40 The slightly
lower accuracy of nuclear imaging in
women has been attributed to breast
attenuation, the higher prevalence
of single-vessel disease, and a smaller
left ventricular chamber size.41 Mod-
ernization of nuclear perfusion imag-
ing, however, has improved its accu-
racy so that now it is on par with
stress echocardiography. In women,
the use of Tc-99m sestamibi radioiso-
topes instead of thallium-201 in elec-
trocardiogram-gated single-photon
emission computed tomography
(SPECT) improves the specificity for
detecting stenoses of 70% or greater
from 58.8% to 82.4% (P � .01).42

As the pathophysiology of IHD in
women becomes clearer, diagnostic
testing will likely incorporate modal-
ities capable of interrogating en-
dothelial function and the micro-
circulation, such as flow-mediated
dilation, positron emission tomo-
graphy, and cardiac magnetic
resonance. Given the prognostic

implications of endothelial and mi-
crocirculatory dysfunction in women,
there is a need for practical methods
of identifying these derangements.

Management and 
Prognosis of ACS/AMI
Women, particularly older women,
who present with ACS or AMI are
less likely to receive coronary an-
giography than are men.17 The rea-
son for this difference remains un-
clear, although women’s “atypical”
presentations, lower incidence of tra-
ditionally elevated cardiac biomarkers
or significant electrocardiography
changes, and higher rates of comor-
bidities may all contribute. The ef-
fect of this referral difference on clin-
ical outcomes appears to be small,
but not null. 

A post-hoc analysis of data from
the Clopidogrel in Unstable Angina
to Prevent Recurrent Events (CURE)
trial evaluated sex differences in the
management and prognosis of
ACS.16 Significantly fewer women
than men received coronary angiog-
raphy during their initial hospitaliza-
tion (39.4% vs 45.5%, P � .0001).
The lower rate of angiography in
women initially seems reasonable
given that among those who had an-
giography, women were more likely
than men to have normal coronary
vessels (26.7% vs 13.2%; P � .0001)
and less likely to have significant
CAD (34.9% vs 44.7%; P � .00001).
However, the rate of angiography
was lower for women regardless of
their Thrombolysis In Myocardial
Infarction (TIMI) risk score. High-risk
women went to angiography less
often than similarly high-risk men
(38.1% vs 45.5%; P � .001), but, un-
like low- and moderate-risk women,
the high-risk women were found to
have an incidence of significant CAD
similar to their male counterparts
(60.8% vs 59.4%; P � .68). This find-
ing raises the concern that CAD in

high-risk women is underidentified
and treated. Overall, there was no
difference in cardiovascular death,
myocardial infarction, or stroke be-
tween women and men, although
the incidence of refractory angina
and rehospitalization for chest pain
during follow-up was significantly
higher among women, particularly
high-risk women (23.9% vs 15.3%;
P � .0001). Endothelial and micro-
circulatory dysfunction may con-
tribute to a higher incidence of re-
fractory angina by limiting collateral
function in the territory of a diseased
vessel or causing ischemia in territo-
ries other than those supplied by the
diseased vessel.

The Treat Angina with Aggrastat
and determine Cost of Therapy with
an Invasive or Conservative Strategy–
Thrombolysis In Myocardial Infarc-
tion 18 (TACTICS-TIMI 18) study
was a randomized trial in 2220
patients (34% women) with ACS
comparing early conservative ther-
apy versus early invasive therapy.
Women in this trial were similarly
less likely than men to have signifi-
cant CAD on angiography. In addi-
tion, regardless of the TIMI risk
score, the adjusted likelihood of
death, nonfatal myocardial infarc-
tion, or rehospitalization was not
different between women receiving
the early invasive therapy compared
with the conservative approach, ex-
cept in those women who had an el-
evated troponin T.43 Further investi-
gation found that any elevated
cardiac biomarker (including TnT,
TnI, CRP, and BNP) was associated
with a benefit from the invasive
strategy in both sexes. However,
women with no positive biomarker
had an increased risk of death, my-
ocardial infarction, or rehospitaliza-
tion with the invasive strategy (odds
ratio [OR] 3.1, 95% CI, 1.17-8.31),
whereas men with no positive bio-
marker had no significant difference
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in outcome by treatment strategy.38

This consistent finding of no signifi-
cant benefit, and possibly harm,
with angiography in lower risk
women likely reflects the fact that
these women are less likely to have
obstructive coronary disease but
more likely to have moderate or se-
vere bleeding than men.17,44 In
essence, they incur all of the risk of
catheterization without any of the
potential benefit. Still, accurately
identifying these higher risk women
remains difficult.

In addition, simply performing an
analysis by sex may not reveal the
whole story. There is a body of evi-
dence that further sex differences in
in-hospital mortality rates for my-
ocardial ischemia appear if one also
stratifies by age. The National Reg-
istry of Myocardial Infarction 2
(NRMI 2) was initiated in 1994 to
gather data on consecutive patients
admitted with AMI to 1658 hospitals
within the United States. An analysis
of 248,878 patients (155,565 women)
from this registry revealed that for
every 5-year decrease in age, the ad-
justed odds of death during hospital-
ization for women relative to men
increased by 7% (95% CI, 5.9-8.1).37

In women younger than 50 years of
age, the mortality rate during hospi-
talization was more than twice as
high as for similar-aged men (6.1%
vs 2.9%). Younger women were more
likely than younger men to have di-
abetes and a history of congestive
heart failure; to present with more
severe clinical findings, such as a
higher Killip class and lower systolic
blood pressure; and to have complica-
tions such as hypotension, heart fail-
ure, cardiogenic shock, and major
bleeding. Younger women (� 55
years) also have a greater than 2 times
higher rate of coronary vascular in-
jury (intimal tear, dissection, acute
occlusion, or side branch injury) com-
pared with women over the age of 55
and with men of all ages.45 However,

these sex-based differences are not
apparent between older women and
older men. Several explanations for
these sex and age–based differences
have been postulated, including de-
lays in recognition by both the pa-
tient and physician, variation in the
pathophysiology of IHD (with pre-
mature disease in young women
being a particularly aggressive type),
or sex-based differences in the mor-
tality rate before hospitalization.
This interaction between sex and age
persists for long-term outcomes.
Younger women have a lower 5-year
adjusted survival rate than younger
men, whereas older women have a
higher 5-year survival rate than older
men, so that for every 10 years of
increasing age, the relative hazard
change of death in women as com-
pared with men decreases by 14.2%
(95% CI, 10.1-17.5; P � .001).46

PCI
Once significant CAD is identified by
angiography, there is no significant
difference in the rate of revascular-
ization, either percutaneous or surgi-
cal, between women and men
(69.2% vs 72.7%; P � 1.0).16 Women
undergoing PCI are less likely to
have multivessel disease, but more
likely to have ostial disease.45 Al-
though attempted lesions in women
have a smaller reference vessel diam-
eter than in men (2.96 mm vs 3.06
mm; P � .001), overall angiographic
characteristics tend to be similar.44

There is a growing body of data on
sex differences in the era of drug-
eluting stents (DES). A single-center
study evaluating consecutive pa-
tients undergoing PCI for de novo
CAD during the first-year experience
with DES in the United States found
that women were just as likely as
men to receive DES and to have a
successful procedure. Women had a
smaller stent diameter (2.90 mm vs
3.04 mm, P � .0001) and received
fewer stents per case than men, al-

though this difference may be attrib-
uted to the fact that they had fewer
vessels with CAD. PCI complexity
and the percentage of multivessel in-
terventions did not differ between
the sexes.47

Short- and long-term outcomes for
women undergoing PCI have tradi-
tionally been worse than for men,
but with refinements in management
and techniques, outcomes now ap-
pear to be relatively similar between
the sexes. The most recent update of
the NHLBI Dynamic Registry, which
included patients receiving DES,
found no difference in in-hospital or
1 year death or myocardial infarction
between women and men undergo-
ing PCI, nor was there a sex differ-
ence in stent thrombosis rates. Still,
even in the DES era, women are more
likely to have recurrent angina prior
to hospital discharge (15.8% vs 8.2%;
P � .0004). Major vascular complica-
tions also remain significantly more
likely in women (12.0% vs 4.2%; 
P � .0001), even after adjusting for
age, body surface area, sheath size,
heparin dose, glycoprotein (GP)
IIb/IIIa use, and thrombolysis (OR �
3.375, 95% CI, 1.81-6.31; P � .0001).47

Although women have higher rates
of bleeding complications than men,
they benefit similarly from GP
IIb/IIIa use in terms of decreased rates
of death, myocardial infarction, and
urgent revascularization at 30 days.48

Much of the excess bleeding rate in
women secondary to GP IIb/IIIa use
has been attributed to excessive
dosing.49 Studies comparing the long-
term outcomes of women versus men
in the DES era are underway. 

CABG
The National Cardiovascular Net-
work database contains data on
51,187 patients (30% women) who
underwent CABG at 23 centers.50

Consistent with other reports, as
compared with the men, the women
were older; had more comorbid
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conditions such as diabetes, heart
failure, and renal insufficiency; and
had a more severe triage status and
angina (as classified by the Canadian
Cardiovascular Society). However,
the women had less severe CAD and
left ventricular dysfunction than the
men. These sex differences became
less marked in the older patients. The
adjusted in-hospital mortality follow-
ing CABG was significantly higher
among women, particularly younger
women (� 60 years), who were twice
as likely to die as men in the same
age category (age � 50, OR 2.23, 95%
CI, 1.41-3.52 and age 50-59, OR 1.86,
95% CI, 1.32-2.61). Less than 30%
of the mortality difference between
the sexes could be explained by
the higher rate of comorbid condi-
tions in women. Women, especially
younger women again, were also
more likely to suffer early post-op
myocardial infarction, neurologic
complications, and renal failure.

Older studies found that women
were less likely to receive arterial
grafts,51 although that trend appears
to be improving.52,53 Rates of com-
plete revascularization also appear
similar, with women and men re-
ceiving the same mean number of
grafts. The 30-day mortality after
CABG decreased significantly from
1991 to 2004, particularly in
women.53 A notable change over this
time was that the rate of increase in

the use of arterial grafts was greater
in women than in men, although this
study found that women remained
consistently less likely across time to
receive an arterial graft, independent
of the number of diseased vessels.
Long-term follow-up data show that
once discharged, women have better
or equivalent rates of death (HR 0.9,
95% CI, 0.83-0.98) and repeat revas-
cularization (HR 1.0, 95% CI, 0.91-
1.06), but they have higher rates of
cardiac readmission (HR 1.3, 95% CI,
1.28-1.41), due to readmissions for
unstable angina and congestive heart
failure, but not AMI.54

Conclusions
The differences in IHD between
women and men are broad-ranging
and numerous, yet often subtle. Put
together, they are creating a new par-
adigm by which women can be
thought about and cared for as
women, instead of as men. Elucida-
tion of this paradigm will come with
further research aimed specifically at
investigating sex differences, as well
as from studies performed on women
independently of men. It is hoped
that shifting paradigms and discrimi-
nating between the sexes will lead to
improved outcomes for all.
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