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Medical and Surgical Management of 
Coronary Artery Disease in Women

Karen P. Alexander, MD; and Eric D. Peterson, MD, MPH

Women compose an increasing proportion of
patients diagnosed as having and dying of
coronary artery disease (CAD). For years it

has been clear that women and men manifest coro-
nary disease differently, receive different care, and
have different short- and long-term outcomes. Many
of these apparent sex “biases” can be confounded by
differences in age, disease severity, prevalence of
comorbid conditions, and body size between women
and men. In this article, we highlight these potential
confounders as we review the prevalence and presen-
tation of CAD in women. We then review our current
understanding of how sex affects treatment with med-
ications, percutaneous coronary intervention (PCI),
and coronary artery bypass graft (CABG) surgery.

. . .  PREVALENCE AND PRESENTATION . . .

The Framingham Heart Study1,2 is the most exten-
sive source of epidemiologic data on CAD in women.
From this study1,2 we know that the clinical manifes-

tations of CAD occur approximately 10 years later in
women than in men. The later onset of disease has
major implications for sex comparisons as women
with CAD frequently have more comorbidity owing to
their older age. Yet, despite the later onset, women
rapidly catch up to men in CAD prevalence and mor-
tality. Coronary artery disease is the number one
killer of both men and women.3 In fact, since 1984,
the number of cardiovascular disease deaths in
women has exceeded that in men by more than
50,000 per year.

Women also present different diagnostic chal-
lenges than men. Symptoms of chest pain are less
predictive of CAD in women. On average, women are
significantly less likely than men to have obstructive
CAD. For example a 60-year-old woman with typical
angina has a 50% chance of having CAD, whereas a
60-year-old man with similar symptoms has a 90%
chance.4-6 Not only is the presence of chest pain a less
specific marker for CAD in women compared with
men, but it also is less sensitive. Women with acute
coronary syndromes more often have atypical symp-
toms such as epigastric pain, back pain, or nausea.

Once women are diagnosed as having CAD, they
have a worse prognosis than men. Unadjusted statis-
tics from the American Heart Association show that
42% of women compared with 24% of men die in the
year after a heart attack.3 Data from the National
Registry of Myocardial Infarction indicate that the
acute risk of death after myocardial infarction
(MI) is 7% higher in women than in men even after

Women and men with coronary artery disease (CAD) differ
in their presenting symptoms, baseline risk factors, age, and
body size. These differences account for most of the previous-
ly reported differences in the management of women with
CAD. When using larger databases and adjusting for con-
founding factors, women increasingly resemble men in terms
of the care they receive and their outcomes. We reviewed
recent articles on the pharmacologic and surgical manage-
ment of women with CAD. Although women and men with
CAD should be treated similarly, physicians still must recog-
nize the sometimes atypical presentation of CAD in women
and be mindful of the smaller body size of women regarding
drug dosing and revascularization.
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adjustment for differences in age, clinical severity,
and clinical history, which accounts for only one
third of the difference in survival.7 After matching
for patient age at presentation, much of the sex dif-
ference seems to reside in younger as opposed to
older women. Women who survive an MI also have
a greater risk of chronic heart failure in part because
of the greater prevalence of diabetes mellitus, hyper-
tension, and advanced age in this population.8

. . .  REPRESENTATION OF WOMEN IN
RANDOMIZED TRIALS . . .

There is a sex gap in knowledge regarding drug
therapy for coronary disease. Women have long been
underrepresented in randomized trials of new thera-
pies for coronary disease either directly by exclusion
of women of childbearing age or indirectly by upper
age limits. Lower enrollment also is partially
accounted for by the older age of women at presen-
tation and the general underenrollment of elderly
individuals in randomized clinical trials. Although
women in the United States currently account for
43% of all MIs, they represent only 24% of patients
enrolled in cardiovascular trials.9-11 A recent review10

of 52 cardiovascular clinical trials funded by the
National Heart, Lung, and Blood Institute indicated
that after excluding 2 large hormone trials, the rep-
resentation of women was significantly less than
their disease prevalence and had not changed much

over time. The underrepresentation of women in
cardiac randomized trials is important because
there are reasons to suspect potential sex differ-
ences in drug safety and efficacy.12 Therefore,
although many studies looking at sex differences are
underpowered, we included the larger studies focus-
ing primarily on sex in this review. In addition, we
included only larger studies of percutaneous and sur-
gical therapy that have adequately controlled for
confounders across sex (Table 1 and Table 2).

. . .  MEDICAL THERAPY . . .

Although women have been underrepresented in
cardiovascular trials, studies that have enrolled suffi-
cient numbers of women have generally not found
major sex-related differences in drug efficacy across
most therapeutic classes (Figure). As noted, therapies
that are efficacious in men seem to work similarly
well in women, including antiplatelets, β-adrenergic
blocking agents, nitroglycerin, thrombolytic agents,
and angiotensin-converting enzyme inhibitors.12

Lipid-lowering therapy also seems to provide substan-
tial benefit in secondary prevention in women.30,31

There are some important differences between
women and men regarding drug safety. Studies of
antiplatelet, anticoagulant, and fibrinolytic therapy
found that women had higher risk for bleeding com-
plications, including intracranial hemorrhage, than
men.32 However, this higher treatment risk in women
was generally explained by the failure to adjust

therapies to account for the
smaller size and increased age
of women.

Finally, although naturally
occurring estrogen is protec-
tive before menopause, there
is less certainty about hor-
mone replacement therapy
(HRT) for cardiovascular pro-
tection. This cardioprotective
effect of estrogen in pre-
menopausal women has been
postulated to explain the nat-
ural delay in the onset of CAD
in women.33 Protective effects
of HRT have also been report-
ed in numerous observational
studies of primary34-36 and
secondary37,38 prevention of
cardiovascular disease in post-
menopausal women. These
observational studies were

Table 1. Percutaneous Coronary Intervention Mortality Risk in Women

NS = not significant.

Mortality, %
Adjusted Odds Ratio

Study and Year Women Men (95% Confidence Interval)

Kelsey et al,13 1993 2.6 0.3 4.53 (1.39-14.70)

Malenka et al,14 1996 1.6 0.7 1.64 (1.09-2.47)

McEniery et al,15 1987 0.3 0.1 NS

Arnold et al,16 1994 1.1 0.3 1.08 (0.81-1.45)

Bell et al,17 1993 4.2 2.7 1.49 (0.90-2.46)

Weintraub et al,18 1994 0.7 0.1 1.74 (0.39-7.69)

Bell et al,19 1995 1.4 1.1 0.94 (0.76-1.15)

Robertson et al,20 1997 1.4 1.1 1.02 (0.87-1.2)

Kahn et al,21 1992 1.4 0.8 NS

Peterson et al,22 2001 1.8 1.0 1.07 (0.92-1.24)
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confounded, however, by the fact
that women who took HRT were
often younger and healthier than
those who did not.39-41

The Heart and Estrogen/Progestin
Replacement Study, the first ran-
domized trial of HRT for secondary
prevention of cardiovascular dis-
ease in postmenopausal women,
found no difference in 4-year car-
diac events between those random-
ized to receive HRT and controls.42

In contrast, women treated with
HRT had an unexpected significant
increase in MI during the first year
after therapy initiation and higher
overall risk for venous thrombotic
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Table 2. Coronary Artery Bypass Graft Surgery Mortality Risk in Women

NS = not significant.

Odds Ratio

Study and Year Unadjusted Adjusted

Jacobs et al,23 1998 0.93 (NS)

Edwards et al,24 1998 1.73 1.30 (P =.001)

O’Connor et al,25 1993 2.23 1.18 (NS)

Higgins et al,26 1992 1.97 (NS)

Khan et al,27 1990 1.77 1.04 (NS)

Loop et al,28 1983 2.23 (NS)

Fisher et al,29 1982 2.37 (NS)

Figure. Proportional Effects of Treatment Strategies on Morbidity and Mortality in Women vs
Men From Randomized Controlled Trials. Unless Otherwise Specified, Summary Frequencies
and Odds Ratios with 95% Confidence Intervals Are Presented. 

*Evaluated aspirin, dipyridamole, ticlopidine, sulfinpyrazone, or suloctidil vs active or placebo control.
†Assessed atenolol, metoprolol, or propranolol vs control.
‡Evaluated diltiazem or verapamil vs control.
§Assessed transdermal glyceryl trinitrate vs control.
||Tested streptokinase, anistreplase, urokinase, or alteplase vs control. Multivariable-adjusted odds ratio, percentages of
patients only.
¶Assessed streptokinase vs alteplase (accelerated administration in GUSTO-I).
#Assessed captopril, lisinopril, or enalapril vs control.
Reprinted with permission of reference 12.
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events.42 The Effects of Estrogen Replacement on the
Progression of Coronary Artery Atherosclerosis study
also found that HRT did not slow the progression of
angiographic disease.43 Based on these results, HRT is
not recommended for the secondary prevention of
CAD. Whether HRT will be helpful for primary pre-
vention when taken early after menopause awaits
results from ongoing clinical studies. Additional stud-
ies of synthetic, tissue-specific hormone replacement
drugs are under way.

Use of evidence-based cardiovascular medications
tends to be lower in women relative to men if looking
at raw numbers. After adjustment for age and other
covariates, use patterns become similar.44 This is not
to say that drug use is optimal, because recent stud-
ies45 have demonstrated that a large gap exists
between ideal drug therapy based on guidelines and
current treatment patterns in both women and men.
Even when prescribed, we often fail to achieve target
dosing for therapies. A recent study46 of lipid-lower-
ing adherence to national cholesterol goals in post-
menopausal women with CAD and elevated lipid
levels found that 47% were given lipid-lowering
agents but that 91% were not at their goal low-densi-
ty lipoprotein level of 2.59 mmol/L (100 mg/dL).

To date, there is limited evidence supporting any
“sex differences” in the effectiveness of drugs used
to reduce risk in patients with CAD. As such, we
should strive to use a similar strategy of evidence-
based care in both women and men. Given the older
age, smaller size, and altered pharmacodynamics of
women, however, careful attention should be paid to
appropriate dosing of their medications.

. . .  BIAS IN REFERRAL FOR CARDIAC 
INTERVENTIONS . . .

A variety of studies have found that, overall,
women were less likely to undergo cardiac
catheterization than men among those being eval-
uated for chest pain47,48 or admitted to the hospital
for acute MI.7,43 Many of these apparent sex biases,
however, are due to underlying differences in
symptom presentation, age, disease severity, and
comorbid conditions. After accounting for these
factors, the sex gap in diagnostic catheterization
narrows considerably.

After catheterization and diagnosis of significant
coronary disease, treatment modes tend to vary by
sex. Even after controlling for disease severity and
comorbid conditions, men remain more likely to
undergo CABG surgery, whereas women are more
likely to be referred for PCI.49-51

. . .  ANGIOPLASTY . . .

Nearly all applicable studies suggest that women
face higher overall risks for mortality and complica-
tions than men after conventional balloon angioplas-
ty (Table 1). However, much of this excess risk is once
again due to the fact that women undergoing angio-
plasty are older, are smaller, and have more comor-
bidity than men. After careful adjustment for these
factors, most sex differences in acute risks are
explained. For example, in the largest study to date,22

analysis of more than 35,000 women undergoing PCI
in the National Cardiovascular Network revealed that
unadjusted mortality was higher in women than in
men (1.8% vs 1.0%), but after adjustment for clinical
factors and body surface area, mortality risks were
similar (adjusted female-male odds ratio [OR], 1.07;
95% confidence interval [CI], 0.92-1.24). However,
women remained at higher risk for vascular compli-
cations (adjusted OR, 1.48; 95% CI, 1.30-1.70), stroke
(adjusted OR, 1.36; 95% CI, 1.10-1.70), and MI
(adjusted OR, 1.25; 95% CI, 1.10-1.40).

With the advent of newer interventional tech-
nologies, such as coronary stents and atherectomy
devices, conventional balloon angioplasty has
become relatively rare. To date, studies have
demonstrated that women and men have similar
access to and outcomes with these newer approach-
es. There is similar procedural success across sexes
for angioplasty and stenting.22,52 A large study of
coronary stenting from 1992 and 1998 found no sex
differences in procedural success or death or MI at
1 year across sex but did find a slightly higher rate
of death and MI within 30 days in women vs men,
which persisted despite adjustment. Interestingly,
diabetes mellitus had a stronger association with
the 1-year mortality rate in women (relative risk for
women vs men, 3.36 vs 1.59), whereas age ≥70
years had a stronger association with the 1-year
mortality rate in men (relative risk for women vs
men, 2.61 vs 3.34).52

Although unadjusted risk of PCI is higher in
women, much of the sex difference in outcome is
seen in the lowest-risk group. Specifically, only
among patients whose predicted risk for PCI is very
low are women more likely than men to have a rare,
unexpected adverse event. Among high-risk patients,
men actually experience more events than women.22

This finding has 2 important implications. First, a
high-risk patient’s sex should not affect the decision
to use PCI. Second, the higher and unexpected event
rates among low-risk women point to potential areas
for quality improvement. For example, they may
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indicate that balloon or stent size must be “matched”
to fit the smaller vessel size in women.

. . .  CORONARY ARTERY BYPASS 
GRAFT SURGERY . . .

Early studies on sex outcomes after surgery found
considerably higher unadjusted mortality rates in
women vs men after CABG surgery (Table 2). Several
reasons have been suggested for this. First, the
smaller size of female coronary arteries may cause
technical difficulties that translate into poorer graft
patency.25,29 In addition, sex-related referral biases
might lead to later presentation, when disease is
more advanced.27 Other researchers25,53 have hypoth-
esized that underutilization of internal mammary
arteries in women or a higher degree of comorbidity
due to the older age of women may also play a role.
After adjustment, much if not all of the impact of sex
on in-hospital mortality is accounted for.54-56

The largest observational analysis came from the
Society of Thoracic Surgeons database, which exam-
ined outcomes in 97,153 men and women undergo-
ing CABG surgery between 1994 and 1996.24 Women
were older and had a higher incidence of diabetes
mellitus, hypertension, and peripheral vascular dis-
ease and more often underwent urgent CABG
surgery than did men. Overall, women had higher
operative mortality than men (4.5% vs 2.6%). After
adjusting for baseline clinical differences and body
size, women remained at slightly higher operative
mortality risk. As with the PCI analyses, they found
that the residual increased mortality rate in women
was confined to those who were predicted to have
low operative risk. Of those at highest surgical risk,
men had slightly higher observed mortality rates
than women. Therefore, although women have
slightly higher risk than men for both revasculariza-
tion procedures, this increased risk is modest, and
other clinical factors should remain the major deter-
minants of therapy selection.

. . .  SUMMARY . . .

Women and men with CAD differ in their pre-
senting symptoms, baseline risk factors, age, and
body size. These differences account for most of the
previously reported differences in the management
of women with CAD. When using larger databases
and adjusting for confounding factors, women
increasingly resemble men in terms of the care they
receive and their outcomes.

Although the main message seems to be that
women and men with coronary disease should be
treated similarly, physicians still must recognize the
sometimes atypical presentation of CAD in women
and be mindful of the smaller body size of women
regarding drug dosing and revascularization.
Continued research efforts are warranted to ensure
that medical and surgical therapies are appropriate
for the patient receiving them. As we continue to
monitor and observe the treatment patterns across
sex, these identified differences may improve care
for patients of both sexes.
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