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CHRONIC OBSTRUCTIVE CORONARY ARTERY DISEASE

Sex Differences in Response 
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More women than men die of coronary artery disease (CAD) each year. In women, 
cardiovascular disease can present atypically and may be caused by small vessel 
disease rather than by major epicardial coronary luminal narrowing. Women with
CAD tend to have more diffuse disease, endothelial dysfunction, and microvascular
disease than men. In those studies that have looked at sex differences in treatment 
response, sex-specific physiologic, pharmacokinetic, and pharmacodynamic differences
appear to be the cause. Women have smaller hearts, higher heart rates, shorter cardiac
cycle lengths, and longer QT intervals than men. CAD medical treatments such as 
antiplatelet agents, anticoagulants, �-blockers, and antithrombin agents may have 
different effects in women and men. Only 30% of percutaneous coronary interventions
are performed in women. Women are less likely than men to undergo diagnostic 
angiography and are more likely to experience delays in treatment.
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Cardiovascular disease is the leading cause of death in the United States,
despite advances in cardiovascular research and technology. In the
United States, as in many countries, women die of heart disease more

often than their male counterparts. In women, cardiovascular disease often pre-
sents atypically and may be caused by small vessel disease rather than by major
epicardial coronary luminal narrowing. Nevertheless, the disease can progress
to cause chronic disability and adverse cardiovascular events.1 Not only is the
disease process different between the sexes, but in recent years, we have dis-
covered that there may be sex differences in the response to treatments for
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coronary artery disease (CAD). This
article will discuss differences in the
way men and women respond to
medications and percutaneous ap-
proaches for the treatment of
chronic CAD.

CAD in Women
The paradigm of treating CAD origi-
nated in the 1950s and was based on
data gathered from middle-aged men
with CAD. Large population studies
such as the Framingham Study
(started in 1948) were undertaken to
learn how best to approach, treat,
and prevent CAD. Up until the late
1980s, it was thought that only men
suffered from this disease. It was
eventually recognized, however, that
women were dying from CAD more
often than men were. Data from the
Women’s Ischemia Syndrome Evalu-
ation (WISE) study were among the
first to show pathophysiological dif-
ferences in CAD between men and
women. This large study from the
National Heart, Lung, and Blood In-
stitute (NHLBI) found that women
tended to have more diffuse disease,
endothelial dysfunction, and mi-
crovascular disease than men.2

Advances in imaging technology
(intravascular ultrasound [IVUS],
computed tomography [CT], mag-
netic resonance imaging [MRI], and
retinal photography) have allowed a
closer look into the characteristics of
CAD. Women have smaller coronary
arteries, even after adjusting for body
surface area.3 In the presence of car-
diac risk factors, women appear to
have a different vascular remodeling
response to diffuse atherosclerosis.
This characteristic is often not seen
on plain angiography and can there-
fore be missed.2 The available treat-
ment options for CAD have been
predominantly studied in large pop-
ulations of white men. In recent
years, with the increasing number of
women enrolled in cardiovascular

disease studies, it has been recog-
nized that women respond differ-
ently to cardiovascular medications.
Unfortunately, many of the studies
that have enrolled a significant por-
tion of women have not analyzed
the data to identify differences be-
tween the sexes.

In those studies that have looked
at sex differences in treatment re-
sponse, sex-specific physiologic,
pharmacokinetic, and pharmacody-
namic differences appear to be the
cause. Women have a lower body
mass index, smaller organ size, and a
higher proportion of body fat, differ-
ences that result in a smaller volume
of distribution for specific medica-
tions.4 Women also have smaller
hearts, higher heart rates, shorter
cardiac cycle lengths, and longer QT
intervals than their male counter-
parts. These differences may cause
diverging responses to therapies.5,6

Although drug absorption does not
appear to be significantly different
between men and women, sex-spe-
cific differences in how enzymes me-
tabolize drugs may be clinically rele-
vant.7 There have been conflicting
studies on whether there truly is a
difference in enzyme metabolism in
men and women. Such differences, if
present, could cause levels of drugs
to be higher or lower in men or
women than what would normally
be expected. Furthermore, female-
specific factors such as the menstrual
cycle, pregnancy, and menopause
can cause differences in drug activ-
ity.8 For example, during the men-
strual cycle, the cardiac cycle dura-
tion fluctuates. This fluctuation
disappears if there is complete auto-
nomic blockade.5 Sex steroid con-
centrations themselves can change
the pharmacokinetics of drugs. Ex-
ogenous estrogens and progestins
have already been shown to interact
with a number of cardiovascular
drugs, and may cause drug levels to

increase or decrease.7 Although the
ramifications of these differences are
unclear, it has been shown that
women are 50% to 70% more likely
to have adverse reactions to medica-
tions, and differences in pharmaco-
kinetics and pharmacodynamics
may be the culprit.9

CAD Pharmacotherapy
There are many drugs that are used
to treat chronic CAD. Just as CAD
presents itself differently in men and
women, it appears that the medica-
tions used to treat this disease may
also manifest different responses.
Furthermore, it appears that women
are treated less often with medica-
tions (aspirin, �-blockers, and
statins) for secondary prevention of
CAD.10 There are some sex-specific
data on antiplatelet agents, antico-
agulants, �-blockers, calcium chan-
nel blockers, statins, angiotensin-
converting enzyme (ACE) inhibitors,
antianginals, antithrombotics, and
renin angiotensin system blockers.
We will discuss a few of these below.

Aspirin
Aspirin is the most studied an-
tiplatelet agent and one of the most
studied cardiovascular drugs on the
market today. It works by irreversibly
inhibiting cyclooxygenase-1, which
in turn prevents the conversion of
arachidonic acid to thromboxane
A2. This action inhibits platelet ag-
gregation and prevents platelets
from forming hemostatic plugs in
atherosclerotic vessels.11 Aspirin has
well-documented benefits for both
the primary and secondary preven-
tion of cardiovascular disease, but
these benefits may be different for
men and women.12,13

Gender differences in platelet reac-
tivity have been described since the
early 1970s. Women have higher
platelet reactivity than men do, and
aspirin achieves greater inhibition of
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platelets in men than in women. Fur-
thermore, studies have shown that
women are more likely than men to be
aspirin-resistant or semiresponders.14

Clinically, aspirin plays an impor-
tant role in the prevention of CAD.
This too has shown sex-specific ef-
fects. For secondary prevention of
myocardial infarction (MI), aspirin
therapy consistently lowers mortal-
ity in both men and women when
compared with placebo. For this rea-
son, the American College of Cardi-
ology/American Heart Association
(ACC/AHA) guidelines recommend
low-dose aspirin for the secondary
prevention of MI.13 One should keep
in mind, however, that the studies
recruited far more men than women
and, therefore, decision-making on
treatment of women is still limited.
The significance of aspirin for
women in primary prevention is less
clear. A prospective, nonrandomized
study showed a significant reduction
in the risk of first MI in women tak-
ing aspirin in more than 6 years of
follow-up. There was no effect on
stroke.15 Conversely, Ridker and col-
leagues16 in the Women’s Health
Study showed that there was a re-
duction in ischemic stroke but not in
MI or mortality in women random-
ized to low-dose aspirin versus
placebo. Of note, however, in a sub-
group of women ages 65 or older,
there was a significant reduction of
26% in cardiovascular events and
30% in ischemic stroke. This benefit
was counterbalanced by a 40% in-
crease in gastrointestinal bleeding
and a 24% increase in risk of hemor-
rhagic stroke.16

Clopidogrel
Clopidogrel works by preventing
adenosine diphosphate–mediated
thrombocyte activation and aggrega-
tion. Oxidation of clopidogrel by he-
patic enzymes (CYP2B6, CYP34A,
CYP2C19) and hydrolysis form the

active metabolite, which inhibits
platelet aggregation. There are no
studies with clopidogrel alone that
have analyzed the effect on women
with established CAD. A few studies
have examined the benefit of clopi-
dogrel plus aspirin in women and
men who were undergoing elective
percutaneous coronary intervention
(PCI) and who were at risk of acute
coronary syndrome (ACS).17 The
Clopidogrel in Unstable Angina to
Prevent Recurrent Ischemic Events
(CURE) trial studied patients who
presented with non–ST-elevation
myocardial infarction (NSTEMI)
within 24 hours of symptoms.
Women had a smaller relative risk re-
duction when given clopidogrel plus
aspirin than men, and there were
no differences in major bleeding
episodes between men and women.18

This finding was also seen in the PCI-
CURE trial, in which the benefit of
these 2 drugs was relatively greater in
men than in women who were un-
dergoing PCI for ACS.19 In the Clopi-
dogrel for the Reduction of Events
During Observation (CREDO) trial,
patients undergoing elective PCI
were given clopidogrel plus aspirin
following PCI. This study showed a
greater relative risk reduction in
women than men for the 1-year
combined endpoint of death, MI, or
stroke. This reduction was associated
with a nonsignificant increase in
major bleeding.20

�-Blockers
Sex hormones can modulate �-
adrenergic receptors in the heart and
vasculature. In times of estrogen de-
ficiency, �-1 receptors are upregu-
lated. Hormone supplementation
can attenuate this upregulation. It is
logical then to assume that the phar-
macodynamics and the pharmacoki-
netics of �-blockers would have sex-
specific differences.8 Cardioselective
and noncardioselective �-blockers

have been found to have sex-specific
differences in their pharmacokinet-
ics. For example, men have greater
activity of the liver enzyme CYP2D6,
which is known to metabolize some
�-blockers, such as metoprolol. This
increased activity, added to the sig-
nificantly lower volume of distribu-
tion in women, may result in plasma
concentrations that are more than
100% higher in women. These
higher plasma concentrations can be
further increased in women taking
oral contraceptives. Clinically, this
difference translates into a more pro-
nounced decrease in heart rate and
blood pressure, as well as an inability
to increase exercise heart rates as
compared with men.21 Higher
plasma concentrations may ulti-
mately result in profound fatigue in
women. Studies investigating the
sex-specific benefits of �-blockers in
secondary prevention after MI have
produced conflicting results, primar-
ily due to the low numbers of
women that have been enrolled. A
recent meta-analysis of 5 studies ex-
ploring metoprolol’s effect on mor-
tality after MI revealed no difference
in the relative reduction of cardiac
death between men and women.22

Investigations of �-blocker therapy
in the heart failure literature have
provided conflicting results. The
Metoprolol CR/XL Randomised
Intervention Trial in Congestive
Heart Failure (MERIT-HF) and the
Carvedilol Prospective Randomized
Cumulative Survival (COPERNICUS)
trial demonstrated no differences in
relative benefit for women compared
with men, whereas the subgroup
analysis from the Cardiac Insuffi-
ciency Bisoprolol Study (CIBIS II)
suggested that women with chronic
heart failure have a prognostic ad-
vantage (Figure 1).8,22-24 Once again,
the paucity of women in these stud-
ies hinders definitive interpretation
of the data.

Sex Differences in Response to Treatments for CAD continued
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Statins
Statins are used for primary and sec-
ondary prevention of CAD. They are
competitive inhibitors of HMG-CoA
reductase, resulting in a reduction in
intrahepatic cholesterol, an increase
in low-density lipoprotein–receptor
turnover, and a reduction in overall
low-density lipoprotein cholesterol.
Some statins increase high-density
lipoprotein cholesterol as well, al-
though this increase is modest at
best.25 Statins show only a small
pharmacokinetic difference between
men and women. Although statin
levels are slightly increased in
women, the increase is so small that
there have not been any recommen-
dations for dose adjustment.8 Clini-
cally, there do not appear to be dif-
ferences in statin effect between men
and women. In a study of patients
who experienced a recent cere-
brovascular accident or transient is-
chemic attack, treatment with ator-
vastatin 80 mg reduced stroke and

cardiovascular events equally in men
and women.26 This effect was seen
again in a meta-analysis of 10 studies
of patients who were taking statins.
The relative risk of severe coronary
events was 0.73 for men and 0.77 for
women.27 Despite the equally benefi-
cial effects in primary and secondary
prevention of CAD in men and
women, women are still treated less
frequently with statins.

ACE Inhibitors
Estrogens reduce ACE and renin ac-
tivity through negative feedback reg-
ulation by elevating angiotensin II.
Thus, premenopausal women have
lower ACE levels than post-
menopausal women, although this
difference is eliminated by hormone
replacement therapy.28 Whether this
decrease affects the activity of ACE
inhibitors has not been elucidated.
The only study looking at ACE
inhibitors and CAD that also ana-
lyzed sex differences was the Heart

Outcomes Prevention Evaluation
(HOPE) study. In this trial, cardiovas-
cular deaths were decreased by
38% (P � .0068) in both men and
women.29 Two other studies evalu-
ating coronary disease and ACE
inhibitors, the European Trial on
Reduction of Cardiac Events With
Perindopril in Stable Coronary
Artery Disease (EUROPA) and
the Prevention of Events With
Angiotensin-Converting Enzyme
Inhibition (PEACE) study, did not
include enough women to make a
statement as to whether there were
sex differences.30,31 The PEACE trial
of 8290 patients found no benefit of
ACE inhibition in either men or
women. Frequency of ACE inhibitor
side effects, such as angioedema and
urticaria, does not appear to differ
between men and women.

Ranolazine
Ranolazine is the newest antianginal
medication in the CAD armamentarium.
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Figure 1. Relative risk ratios and 95% confidence intervals for total mortality in women and men, in studies evaluating the impact of �-blockade in
heart failure. CIBIS II, Cardiac Insufficiency Bisoprolol Study; MERIT-HF, Metoprolol Extended-Release Randomized Intervention Trial in Heart Failure;
COPERNICUS, Carvedilol Prospective Randomized Cumulative Survival; NP, not provided. Reprinted from Jochmann N et al. Female-specific aspects in
the pharmacotherapy of chronic cardiovascular diseases. European Heart Journal. 2005;26:1585-15958 by permission of the European Society of
Cardiology. Adapted with permission from Ghali JK et al. Metoprolol CR/XL in female patients with heart failure: analysis of the experience in
Metoprolol Extended-Release Randomized Intervention Trial in Heart Failure (MERIT-HF). Circulation. 2002;105(13):1585-1591.57
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It is used to treat stable angina and
has been very effective. It works by
reducing sodium entry into cardiac
cells, thus maintaining sodium and
calcium hemostasis. This action pre-
vents ischemia-induced diastolic
dysfunction.32 There have been 4
large studies evaluating ranolazine:
Monotherapy Assessment of Ra-
nolazine in Stable Angina (MARISA),
Combination Assessment of Ra-
nolazine in Stable Angina (CARISA),
Efficacy of Ranolazine In Chronic
Angina (ERICA), and Ranolazine
Clinical Study #080 (RAN080).33-36

Wenger and colleagues37 summa-
rized sex comparisons of the efficacy
and safety of this medication in
these studies. Because the designs
were different for each study, a 
meta-analysis was not performed,
and each study was individually 
assessed in reference to sex-specific
differences. Ranolazine, in all
studies, worked equally as well in
reducing angina in men and
women. In MARISA, CARISA, and
RAN080, ranolazine improved exer-
cise performance in women less
frequently than in men. The study
investigators believed that this
finding suggested only that exercise
treadmill tests were a less sensitive
indicator of ranolazine efficacy in
women.37

Antithrombin Agents
Unfractionated heparin (UFH) is
used routinely in patients with CAD
who are undergoing PCI or coronary
artery bypass grafting (CABG). UFH
is a thrombin inhibitor, which inac-
tivates Factor Xa by binding both
thrombin and antithrombin. Low-
molecular-weight heparin (LMWH)
is similar, although it binds to
antithrombin and has a lesser effect
on thrombin due to its size.38 Con-
versely, fondaparinux does not bind
to thrombin. Heparin has a narrow
therapeutic window, and may be as-

sociated with bleeding at high doses
or clotting at subtherapeutic doses.
Women have been shown to have
higher heparin levels following
equivalent heparin doses than men,
especially if they are older. Men and
women are at higher risk of bleeding
when heparin is used in conjunction
with aspirin, glycoprotein (GP)
IIb/IIIa inhibitors, or fibrinolysis.
This finding has led to weight-based
heparin protocols of an intravenous
bolus of 60 to 70 U/kg with an
infusion of 12 to 15 U/kg/h. The
ACC/AHA guidelines recommend
lower doses of heparin for women,
particularly those who are receiving
concomitant GP IIb/IIIa inhibitors.39

A significant side effect of heparin is
heparin-induced thrombocytopenia
(HIT). HIT is a drug-induced immune
reaction affecting platelets. Large,
retrospective studies have found that
women are more likely to experience
HIT than men are. This finding was
again seen in a large German study
that looked at multiple databases of
medical and surgical patients receiv-
ing UFH and LMWH. Women were
twice as likely to have HIT (OR, 2.37;
95% confidence interval, 1.37-4.09)
than their male counterparts.40

LMWH as compared with UFH has
more bioavailability, more pre-
dictable dose response, and less HIT.
There is no difference in efficacy and
safety in LMWH between men and
women for PCI, although there may
be a slight increase in bleeding
overall.41

Bivalirudin is a direct antithrom-
bin with a short half-life that acts on
both clot-bound and circulating
thrombin. This drug has been shown
in multiple studies to reduce the in-
cidence of major bleeding when
compared with UFH for use in
PCI.42,43 This finding was also specif-
ically confirmed in women as well.
There was a reduction in major and
minor bleeding from 34.1% with
UFH to 19.7% with bivalirudin.

However, despite treatment with bi-
valirudin, women still have signifi-
cantly higher risk of bleeding than
men.

GP IIb/IIIa Inhibitors
GP IIb/IIIa inhibitors work by bind-
ing to the platelet GP IIb/IIIa recep-
tor, which inhibits platelet aggre-
gation. When platelet activation
occurs, these receptors are expressed
on the platelet surface where they
bind to fibrinogen and other protein
ligands, forming a bridge between
2 platelets. This activity promotes
platelet aggregation. The GP IIb/IIIa
inhibitors bind to the receptor and
inhibit the platelets from binding
to each other. A few studies have
looked at sex differences with GP
IIb/IIIa inhibitors with respect to
nonurgent PCI. A pooled analysis of
3 trials (Evaluation of c7E3 for the
Prevention of Ischemic Complica-
tions [EPIC], Evaluation in PTCA to
Improve Long-Term Outcome With
Abciximab GP IIb/IIIa Blockade
[EPILOG], and Evaluation of Platelet
Inhibition in Stenting [EPISTENT])
examined sex differences with the
use of abciximab and heparin in
PCI.44 Abciximab reduced the com-
posite endpoint of death, MI, or ur-
gent revascularization in both men
and women at 30 days and 6 months
(30 days: from 11.3% to 5.8% in men
and from 12.7% to 6.5% in women;
6 months: from 14.1% to 8.3%
in men and from 16% to 9% in
women). At 1 year, mortality was
decreased from 2.7% to 1.9% in
men and 4.0% to 2.5% in women.
Major and minor bleeding were in-
creased in women with and without
abciximab.44

The Enhanced Suppression of the
Platelet IIb/IIIa Receptor With Inte-
grilin Therapy (ESPRIT) trial exam-
ined use of heparin and eptifibatide
in PCI. Although women were at
higher risk, there were no differ-
ences between men and women in

Sex Differences in Response to Treatments for CAD continued
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absolute benefit of reducing death,
MI, urgent revascularization, or
“bail-out” GP IIb/IIIa inhibitor use at
48 hours (from 14.5% to 6.0% in
men and from 28.9% to 20% in
women). Nor was there any differ-
ence in men and women in the com-
bined endpoint of death, MI, and
target-vessel revascularization at 1
year (from 9% to 6.8% in men and
from 19.5% to 16.6% in women).
There was, however, an increase in
bleeding events in women, especially
with eptifibatide.45

Invasive Therapy
PCI
Sex-based differences in the out-
comes of PCI have decreased since
the advent of contemporary treat-
ment with drug-eluting stents (DES).
Despite the well-established benefit
of PCI, and data showing that more
women than men die of cardiovascu-
lar disease each year, only 30% of the
1.2 million PCIs performed annually
in the United States are in women.
Women are less likely to be sent for
diagnostic angiography and are more
likely to experience delays in treat-
ment. This disparity exists despite
growing evidence suggesting that
outcomes after PCI are similar in
men and women. Many reasons
have been cited for the lack of refer-
rals to PCI for women. Some of these
include small body size, small coro-
nary vessels, older age, increased
risk profile, and atypical symptoms.
Recent advances in equipment
and devices have allowed optimal
treatment in these less optimal
circumstances.41

In 2008, Singh and colleagues46

published data gathered from the
Mayo Clinic experience with PCI
from 1979 to 1995 and 1996 to 2004.
They found that women were more
likely to have diabetes, hyperten-
sion, and hyperlipidemia. Women
also had higher absolute adverse

event rates. After adjustment for risk
factors, however, the 30-day and
long-term mortality rates from 1994
onward were similar between men
and women.46 Glaser and cowork-
ers47 echoed these findings with data
from the NHLBI-sponsored Dynamic
Registry, which included 20 centers.
In this study, investigators examined
1-year major adverse cardiac event
(MACE) outcomes of PCI in stable
angina versus non–ST-elevation
acute coronary syndromes (NSTACS)
in women compared with men. In
the stable angina cohort, outcomes
were similar in both men and
women, but outcomes were higher
for women in the NSTACS group.47

In a study by Lansky and col-
leagues41 of risk-adjusted outcomes
of elective PCI in 15 studies, there
was an increase in in-hospital mor-
tality in women compared with
men, but no difference in outcomes
of late mortality (Figure 2).

There have been many studies ex-
ploring sex differences with the type
of stent (DES vs bare-metal stent
[BMS]) deployed. Prior to the stent-
ing era, angioplasty studies reported
higher rates of angiographic success,
lower incidence of procedural com-
plications, and better long-term
outcomes in men compared with
women.48 With the advent of stents,
specifically DES, 1-year MACE rates
and target-vessel revascularization
in men and women seem to be sim-
ilar. Earlier BMS study subgroup
analyses showed conflicting results
on whether MACE rates were com-
parable between men and women.
There have been 2 more recent
studies of sirolimus-eluting stents
(SES) and paclitaxel-eluting stents
(PES) comparing outcomes in men
and women. The first looked at data
derived from the TAXUS IV trial.
This trial demonstrated the safety
and efficacy of PES versus BMS in
elective PCI. Women with PES had
higher rates of ischemia-driven

target-vessel revascularization and
target-lesion revascularization than
men with PES. When the data were
adjusted for confounding factors
(diabetes, vessel size, and body sur-
face area), there was no difference
between men and women.49 Similar
observations have been made with
SES. Solinas and colleagues50 pub-
lished their data on 1748 patients
(1251 men and 497 women) who
were randomized to SES or BMS.
Compared with men, women were
more likely to have diabetes, hyper-
tension, and congestive heart fail-
ure. Treatment with SES had compa-
rable outcomes in all endpoints
between men and women. Women
with an SES had an 86% reduction
in in-lesion binary restenosis and a
92% reduction in in-stent binary
restenosis as compared with women
who received a BMS. Men with an
SES had an 82% reduction in in-
lesion binary restenosis and a 93%
reduction in in-stent binary resteno-
sis as compared with men who re-
ceived a BMS. Overall, there was a
66.7% reduction in 1-year MACE.
Unlike in TAXUS IV, women did not
have a significant difference in the
unadjusted data. This finding may
be due to the differences in drugs
and polymers that have been seen in
SES and PES.50

As mentioned earlier, women tend
to be offered PCI less often than
men are. One of the reasons for this
difference is the increase in vascular
complications in women compared
with men. Although vascular com-
plication rates have decreased over
time, women still have a 1.5 to 4
times higher risk of vascular com-
plications than their male counter-
parts. This finding is illustrated by
Applegate and colleagues,51 who
evaluated 20,645 patients undergo-
ing 31,000 diagnostic catheteriza-
tions or PCIs from the femoral ap-
proach between the years 1998 and
2005. As seen in other studies, the
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incidence of vascular complications
did decrease over time in both sexes,
although at the end of this study,
there was still a higher incidence in
women than in men. This higher
incidence persisted even after rates
were adjusted for confounding vari-
ables. Predictors of vascular compli-
cations for both men and women
included closure device failure, his-
tory of renal failure, age, peripheral
vascular disease, and sheath size.51

Decreasing vascular complication
rates in women have been attrib-
utable to reduction in levels of
periprocedural anticoagulation and
an increase in bivalirudin use. Al-
though the transradial approach has
reduced complications in men,
women still have higher hematoma
rates than men with the use of this
access approach.52

Coronary Artery Bypass Grafting
There have been mixed results on
outcomes of women undergoing
CABG. In earlier trials, operative
mortality in women seemed to be
higher than in men, although long-
term mortality seemed to be similar.
Many theories have been explored as
to why women may have higher op-
erative mortality. Women have in-
creased comorbid factors including
smaller body surface area, smaller
coronary arteries, and older age, and
they are less likely to receive internal
mammary grafts.53 More recently, in
the Bypass Angioplasty Revascular-
ization Investigation (BARI) trial, 
in-hospital mortality was similar
between men and women (1.3% vs
1.4%). In this study, women had a
higher rate of pulmonary edema,
congestive heart failure, and Q-wave

MI. These results were not specifi-
cally attributable to sex differences,
but instead reflected the increased
risk profile among women.54

A recent meta-analysis of 23 studies
between 1985 and 2005 involving
outcomes with CABG reported con-
flicting results. In this study, women
had higher in-hospital mortality, al-
though after adjusting for comorbidi-
ties, the magnitude of risk decreased.55

The data have been more consistent
regarding long-term mortality rates
between men and women. There does
not seem to be a difference between
men and women in regard to long-
term mortality rates. This similarity
was most recently seen in the Arterial
Revascularization Therapies Study II
(ARTS II).56 In this study, patients were
randomized to an SES or CABG.
Follow-up was performed at 1, 6, and

Sex Differences in Response to Treatments for CAD continued
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Alfonso59 981 16 6.0 2.0 .01

WHC60 7372 28 1.39 0.66 �.002

Malenka61 12,232 NA 1.64 0.7 �.001

Bell62 3557 27 4.2 2.7 .005

NHLBI63 2136 26 2.6 0.3 �.001

NCN*64 150,918 33 1.8 1.0 –

Mehilli†65,66 4264 24 3.1 1.9 .02

Welty67 5989 35 1.2 0.52 .017

Malenka68 33,666 33 1.2 1.1 .1

NHLBI69 2524 35 2.2 1.3 –

NCN70 109,708 33 1.8 1.0 �.001

Arnold71 5000 25 1.1 0.3 .001

NACI72 2855 34 1.4 1.1 NS

Weintraub73 10,785 26 0.7 0.1 �.001

Study

Women vs

Men (%)Women (%)N P Value

Unadjusted Mortality Rate

In-Hospital

Mortality

Adjusted OR (95% CI)

0 0.5 1 2 3 4 5
Higher in Women

6 7 8 9 10

Late

Mortality
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1 y
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Figure 2. In-hospital and late mortality rates in women versus men after percutaneous coronary interventions that were mostly elective. *The adjusted OR is for women younger
than 50 years. †The in-hospital figures are for death and myocardial infarction. OR, odds ratio; CI, confidence interval; WHC, Washington Hospital Center; NHLBI, National
Heart, Lung, and Blood Institute; NCN, National Cardiovascular Network; NACI, New Approaches to Coronary Intervention. Reprinted with permission from Lansky AJ et al.
Percutaneous coronary intervention and adjunctive pharmacotherapy in women: a statement for healthcare professionals from the American Heart Association. Circulation.
2005;111(7):940-953.41
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12 months, and at 3 and 5 years.
There was no difference between men
and women for major adverse cardiac
and cerebrovascular events at any of
the follow-up time points.56

Conclusion
There are still many unanswered
questions regarding differences in the
ways men and women with CAD re-
spond to treatment. Most of the data
analyses are retrospective and involve
very few women. More studies specif-
ically looking at treatment differences
between men and women must be
performed. More women should be
enrolled into cardiovascular disease
studies, and the reasons why women
do not receive evidence-based treat-
ment should be elucidated. Only then
will we be able to win the war on
cardiovascular disease.
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