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N CORONARY ARTERY DISEASE, gender
matters. Although coronary artery dis-

ease is a major public health problem in both
sexes, it does not receive the attention and
concern in women that it receives in men.

Risk factors carry different predictive val-
ues in women than in men, necessitating a
gender-specific approach to primary and sec-
ondary prevention. Furthermore, documented
differences exist in the manifestations in men
and women, making it more likely that coro-
nary artery disease will be overlooked or dis-
counted. Of particular concern: women with
coronary artery disease are more likely than
men to receive suboptimal and less-aggressive
care.

Complicating any discussion of coronary
risk and treatment in women is the issue of
hormone replacement therapy: although hor-
mone replacement has effects on serum lipid
levels that should reduce risk, prospective
studies in women with established coronary
artery disease have failed to show a benefit.

■ CORONARY DISEASE: THE SINGLE
LARGEST KILLER OF WOMEN

Contrary to popular perception, coronary
artery disease is the primary cause of death in
women, responsible for more deaths in women
each year than all other causes combined:
more than a quarter million. Although coro-
nary artery disease mortality has been on the
decline in the United States (recent data from
the Nurses’ Health Study1 showed a 31%
decrease in coronary artery disease incidence
in women from the 2-year period 1980–1982
to the 2-year period 1992–1994), the rates of
decline have been slower in women than in
men.2 More importantly, women with coro-
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Cardiovascular disease is responsible for more deaths in
women each year than all other causes combined. Women
have different cardiac presentations than men and are
more likely to be underdiagnosed and undertreated for
coronary artery disease. This article addresses gender-
specific issues in prevention, diagnosis, and treatment of
coronary artery disease.

■ KEY POINTS

Premenopausal women have a lower incidence of
cardiovascular events than men, presumably because
estrogen has cardioprotective effects.

Diabetes eliminates the protective advantage of female
gender in premenopausal women.

Hormone replacement therapy is an important therapeutic
option for postmenopausal women with risk factors for
coronary artery disease, although it is not specifically
indicated for secondary prevention.

Lipid markers have different predictive values in men and
women. However, statin agents are first-line therapy to
reduce cardiovascular events in both genders.

A healthy lifestyle plays a significant role in reducing the
incidence of coronary heart disease in women.
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nary artery disease have a higher mortality rate
than do men with coronary artery disease.3

Yet women and even many of their physi-
cians underestimate the risk of coronary artery
disease. Although many women think they
are at higher risk of death from breast cancer,
in fact, the risk of a 50-year-old Caucasian
woman dying of coronary artery disease is 10
times greater than the mortality risk from hip
fracture and breast cancer combined.4 And for
African-American and Hispanic women the
risk is even higher.

A source of the confusion is that women
are generally older than men at the onset of
coronary artery disease. The Framingham
study showed that women have a lower inci-
dence of coronary artery disease than men do
up until age 75.5 Presumably this is because
endogenous estrogen in premenopausal
women is cardioprotective. Supporting this
assumption are observational data from pre-
maturely menopausal women and women who
underwent bilateral oophorectomy without
hormone replacement therapy, who have a
higher risk for coronary artery disease than
premenopausal women of the same age.6,7

■ SOME RISK FACTORS
ARE DIFFERENT FOR WOMEN

The major risk factors for coronary artery dis-
ease in women were defined in a statement
from the American Heart Association and the
American College of Cardiology (TABLE 1).8
Although most of these risk factors are similar
in men and women, some gender differences
have been documented, especially in dyslipi-

demia and diabetes. The statement asserts that
coronary artery disease is largely preventable.

Hypertension: More common in women
Hypertension is more common in American
women than in American men, because the
prevalence of hypertension increases with age,
and women live longer. Renovascular hyper-
tension due to fibromuscular dysplasia is more
common in women than in men, although
other causes of secondary hypertension occur
equally in both genders.9

As in men, left ventricular hypertrophy, a
consequence of hypertension, carries an
increased risk of cardiac events in women. It is
important to use gender-specific echocardio-
graphic criteria for left ventricular mass,
because even after controlling for body size,
left ventricular mass is lower in women.

Today’s oral contraceptive pills, which
contain low doses of synthetic estrogen and
progestin, carry minimal risk of increasing
blood pressure, but nevertheless can some-
times cause hypertension by activating the
renin-angiotensin system.

Diabetes triples the risk
Diabetes mellitus is a more powerful risk factor
for women than for men. In one study,10 mor-
tality rates from coronary artery disease were
three to seven times higher in diabetic women
than nondiabetic women, compared with two
to four times higher in diabetic men than in
nondiabetic men. The Framingham Study11

found that diabetes doubled the age-adjusted
risk for cardiovascular disease in men and
tripled it in women.

Diabetes eliminates the protective effect
of female gender: premenopausal women with
diabetes have approximately the same risk as
diabetic men of the same age. The mechanism
may be by impairing estrogen binding.12

Diabetes also decreases the beneficial
effects of hormone replacement therapy on
serum lipid levels. In nondiabetic women,
hormone replacement therapy causes high-
density lipoprotein (HDL) levels to rise. One
cross-sectional study13 showed that hormone
replacement therapy appeared to reduce low-
density lipoprotein (LDL) levels by a similar
amount in diabetic and nondiabetic women,
but it increased HDL levels less in diabetic
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Major risk factors
for coronary artery
disease in women

Cigarette smoking
Diabetes mellitus
Dyslipidemia
Hypertension (including systolic hypertension)
Obesity
Sedentary lifestyle

T A B L E  1

Diabetes
increases risk
more for
women than
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women and it increased triglyceride levels
more.

After a myocardial infarction, diabetic
women have a higher mortality rate compared
with nondiabetic persons.14 Diabetes is an
independent risk factor for poor outcome after
percutaneous transluminal angioplasty in
both genders.15

Lipids:
Low HDL is a stronger predictor of risk
Gender differences exist when predicting
coronary artery disease risk on the basis of
lipid profiles.

Low HDL levels are a stronger predictor
of risk in women than in men.16,17

High LDL levels do not constitute as
strong a risk factor for coronary artery disease
as low HDL levels in women who do not yet
have evidence of coronary disease.18,19

On the other hand, LDL reduction has
comparable benefits for men and women with
known coronary artery disease. The
Scandinavian Simvastatin Survival Study
(4S),20 a randomized placebo-controlled study
in men and women with established coronary
artery disease, showed that taking the lipid-
lowering drug simvastatin reduced the risk of
major coronary events by about 35% regard-
less of gender.

Elevated triglyceride levels appear to be
an independent predictor of coronary artery
disease in older women.18

Lipoprotein (a). It is uncertain whether
lipoprotein (a) [Lp(a)] is an independent risk
factor for coronary artery disease in women.
Despite conflicting results of a prospective
study of men, there is a suggestion of a stronger
association between Lp(a) and coronary artery
disease risk in younger women.21,22 Statins and
other widely used lipid-lowering drugs do not
reduce Lp(a), but estrogen and niacin do.

Guidelines the same. The National
Cholesterol Education Program (NCEP)
guidelines for therapy for men and women are
based on LDL levels and do not include
triglyceride or HDL levels except as modifying
factors.23 New NCEP guidelines are expected
soon.

Statin drugs may have other benefits. A
recent case-control study from the United
States found that women older than 60 years

who took statins were less likely to suffer non-
pathological fractures.24 This finding is sup-
ported by another contemporary population-
based, case-control analysis from the United
Kingdom,25,26 which revealed a 45% lower
fracture risk in women over 50 years old who
used statins compared with those who did not
use lipid-lowering agents. Although these two
studies did not prove that statins improve
bone mass or reduce fracture risk, this is an
area of research to follow closely.

■ IS HORMONE REPLACEMENT
BENEFICIAL? WHAT STUDIES SHOW

As primary cardiovascular prevention (ie, in
apparently healthy women), hormone replace-
ment therapy may have additive effects when
combined with conventional lipid-lowering
drugs, or even supplant them for some women
who have other indications for hormone
replacement. However, hormone replacement
therapy is not currently recommended for sec-
ondary prevention, ie, to prevent coronary
events in women with known coronary artery
disease.

As primary prevention,
hormone replacement should lower risk
Menopause, whether natural, surgical, or pre-
mature, may constitute a risk factor for heart
disease in women. Various observational stud-
ies indicated that postmenopausal women
who take hormone replacement therapy have
a 40% to 50% lower risk of coronary artery
disease compared with those not taking hor-
mone replacement therapy.27

A major question remains whether hor-
mone users have healthier lifestyles and
whether the characteristics of hormone users,
rather than the hormone replacement per se,
account for the large reduction in cardiovas-
cular disease seen in the observational studies.

Nevertheless, a recent prospective obser-
vational study of postmenopausal hormone
therapy28 showed a significantly decreased
risk of 40% for major coronary events in
women without previous heart disease. The
study controlled for lifestyle factors, including
body mass index, diabetes, and tobacco use.
Women who took the ultra-low doses (0.3
mg) of oral conjugated equine estrogen
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enjoyed a cardiovascular risk reduction similar
to that seen with the standard daily dose of
0.625 mg.

Mixed effect on lipids. If hormone
replacement therapy does decrease the risk of
coronary artery disease, it may do so through
its effect on lipid levels.

In the Postmenopausal Estrogen/
Progestin Intervention Trial (PEPI),29 pub-
lished in 1995, oral conjugated equine estro-
gen therapy significantly reduced LDL levels
and increased HDL levels (TABLE 2). Adding
progestin attenuated but did not eliminate
the increase in HDL, and had no effect on
LDL reduction.

On the other hand, estrogen raised
triglyceride levels by as much as 15%, espe-
cially in those with elevated triglyceride levels
at baseline, by increasing the production of
very-low density lipoprotein (VLDL).
Progestin did not counteract this effect.

Elevated baseline levels of triglycerides
mandate careful monitoring of lipid levels fol-
lowing institution of hormone therapy. A
switch to the transdermal patch may be neces-
sary since the patch has no impact on triglyc-
eride levels.30

Although the National Cholesterol
Education Program Guidelines do not consid-
er estrogen a first-line lipid-lowering therapy,
many clinicians believe that it should be con-
sidered as such in postmenopausal women
with hypercholesterolemia and low HDL.
This is particularly important if there are other
indications for estrogen treatment, such as
menopausal symptoms or osteoporosis preven-
tion.

As secondary prevention, hormone
replacement has uncertain benefit
The long-term effects of hormone replace-
ment therapy on established heart disease are
still uncertain.

The Heart and Estrogen/Progestin
Replacement Study (HERS),31,32 a random-
ized, double-blind placebo-controlled trial,
addressed the role of hormone replacement
therapy in secondary prevention of coronary
artery disease events. A total of 2,763 post-
menopausal women with preexisting coronary
artery disease were randomized to receive
combined hormone replacement therapy
(conjugated equine estrogens 0.625 mg and
medroxyprogesterone acetate 2.5 mg daily) or
placebo. After a mean of 4.1 years follow-up,
there was no difference in the primary com-
bined end point of nonfatal myocardial infarc-
tion or coronary artery disease death.

The lack of benefit from hormone
replacement therapy was attributed to several
factors. Follow-up may have been too short for
the presumed antiatherogenic effects of hor-
mone replacement to become manifest. In the
“statin era” during which this study took
place, the event rates were lower than antici-
pated in the placebo group, giving the study
less statistical power than anticipated.

Of interest, during the first year of the
study the incidence of coronary artery disease
events was higher in the group receiving hor-
mone replacement than in the placebo group.
This increase may have been due to chance—
or it may have a physiologic basis. A possible
explanation is that hormone replacement has
early prothrombotic effects in some suscepti-
ble women, which are later outweighed by
benefits in atherosclerosis.31,32

Another possible explanation: A retro-
spective subgroup analysis from the HERS
trial suggested that variations in Lp(a) levels
may explain the early risk for coronary artery
disease events in the trial, and that women
with heart disease and low Lp(a) values were
harmed by hormone replacement.

The PEPI trial29 found that hormone
replacement therapy lowered fibrinogen levels
with little effect on insulin levels and blood
pressure, which are desirable effects and argue
against the thrombotic hypothesis. However, a
look-back analysis of the PEPI trial33 showed a
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Benefits of hormone
replacement therapy
in cardiovascular disease
risk reduction

Increases high-density lipoprotein
Decreases low-density lipoprotein
Decreases fibrinogen levels
Decreases fasting insulin levels
Decreases lipoprotein (a) levels

T A B L E  2

Hormone
replacement
lowers LDL and
raises HDL, but
raises
triglycerides
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large sustained increase in the concentration
of C-reactive protein (up to 85%) in post-
menopausal women taking hormone replace-
ment therapy. These data suggest that hor-
mone replacement therapy may adversely
affect women with established coronary artery
disease through increased inflammation medi-
ators, possibly related to plaque destabiliza-
tion, or thrombosis (TABLE 3).

The Estrogen Replacement and
Atherosclerosis Trial (ERA) showed no ben-
efit of postmenopausal hormone replacement
therapy (conjugated equine estrogen alone or
in combination with medroxyprogesterone)
on the angiographic progression of coronary
artery disease in women with established coro-
nary artery disease after an average of 3 years
of follow-up.34 Importantly, no early harm
with hormone replacement therapy was
found.

Who should receive
hormone replacement therapy?
While waiting for the 7-year follow-up data
from the HERS trial, one should not extrapo-
late these negative secondary prevention find-
ings to healthy women free of known coro-
nary artery disease. The Women’s Health
Initiative is examining the effect of hormone
replacement therapy in primary prevention,
and results should be available by 2006.

The decision to start hormone replace-
ment therapy should be individualized and
based on:
• Presence or absence of risk factors for

coronary artery disease
• Risk of osteoporosis
• Risk of breast, endometrial, or colon can-

cer
• Quality-of-life concerns.

■ HEALTHY LIFESTYLE DECREASES RISK
BUT FEW WOMEN FOLLOW IT

Data from the Nurses’ Health Study35 indi-
cates that a healthy lifestyle could reduce the
risk of coronary artery disease dramatically—
by as much as four fifths. Unfortunately, very
few women adhere to such a healthy lifestyle.

The investigators identified a group of
women who had a “low-risk lifestyle.”
Specifically, these women:

• Did not smoke
• Had a body mass index less than 25
• Engaged in 30 minutes of moderate to vig-

orous exercise daily
• Consumed, on the average, at least 5 g of

alcohol per day (equivalent to about a
half a glass of wine)

• Adhered to a healthy diet.
During 14 years of follow-up, this low-risk

group had an 83% lower incidence of coro-
nary events compared with the other women
in the cohort. The investigators estimated
that 82% of the coronary events in the study
cohort could be attributed to lack of adher-
ence to this low-risk pattern. Unfortunately,
only 3% of the study cohort were in the low-
est-risk group.

Obesity: Even being merely
overweight doubles the risk
The prevalence of obesity has increased
among men, women, and children in the
United States in the past decade. One third of
adult women are classified as obese, ie, having
a body mass index over 30. In the Nurses’
Health Study,36 involving more than 120,000
middle-aged women, the risk of coronary
artery disease was nearly twice as high in mild-
ly to moderately overweight women (body
mass index 25 to 28.9) as in very lean women
(body mass index 21).

Even after accounting for the influence of
other known risk factors, obesity is still an
independent risk factor for coronary artery
disease mortality in women and therefore
should be aggressively treated.37 The pattern
of obesity may be important, with the abdom-
inal android-type (upper, apple-shaped) obesi-
ty conferring a greater risk than the gynecoid-
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Risks of hormonal replacement
therapy with respect to cardiovascular
disease

Increases triglyceride levels with oral estrogens in some
susceptible women
Increases ultrasensitive C-reactive protein levels
Increases relative risk of thromboembolic events, particularly
in the early months of use (absolute risk is low)

T A B L E  3
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with
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type (pear-shaped). This association is found
to be independent of the degree of obesity.

Physical activity: It’s never too late to start
Physical activity reduces the incidence of
coronary artery disease and all causes of mor-
tality in women, presumably through its bene-
ficial effect on body weight and HDL lev-
els.38,39 Prospective data from a large cohort of
women in the Nurses’ Health Study showed
that brisk walking (3 hours/week) and vigor-
ous exercise (1.5 hours/week) reduced the
incidence of coronary events by 30% to
40%.40 Even in middle adulthood or later, a
change from a sedentary lifestyle to an active
lifestyle confers a lower coronary risk in
women.

Alcohol consumption: A mixed benefit
Light-to-moderate alcohol drinking has been
associated with a decreased risk of cardiovas-
cular death.

On the other hand, women are much
more sensitive to the effects of alcohol than
are men, and heavier drinking by women is
associated with increased mortality from other
causes, especially cirrhosis and possibly breast
cancer. Alcohol contributes to hypertension,
obesity, and the problem of alcoholism in
women.

Current guidelines from the American
Heart Association and the American College
of Cardiology41 recommend limiting alcohol
to 1 drink or less per day for women (4 ounces
wine, 12 ounces beer, or 1.5 ounces of 80-
proof liquor).

Smoking: On the rise in young women
Although the prevalence of smoking has been
declining in both men and women, it has been
declining more slowly in women than in men.
Of concern, smoking is strikingly on the rise
in young women.

A woman who smokes has a two to four
times higher risk of coronary artery disease
than a nonsmoking one. The risk appears to
be present even with minimal exposure (so-
called “low-yield” cigarettes), and the relation
follows a dose-response curve.12 Fortunately,
most of the increased cardiovascular disease
risk induced by tobacco begins to decline
within months of cessation and completely

dissipates within 2 to 3 years, unlike lung can-
cer risk.

There is striking synergism between smok-
ing and use of oral contraceptives in increasing
coronary artery disease risk, especially in
women over age 35. The duration of smoking
does not affect this risk among current users,
and the risk rapidly returns to baseline after
stopping the oral contraceptive. Possibly a
short-term mechanism such as accelerated risk
of atherothrombosis accounts for the increased
coronary artery disease risk. Therefore, smok-
ing cessation is a very gratifying clinical inter-
vention. Nevertheless, women are less likely
than men to quit, owing to concerns of sec-
ondary weight gain. Tobacco reduces the age of
menopausal onset by 1 to 2 years.

■ CORONARY PRESENTATION
IS DIFFERENT IN WOMEN

Women have a very different coronary presen-
tation than men. According to the
Framingham Heart Study,42,43 angina is the
most frequent initial coronary presentation in
women, while men tend to present initially
with myocardial infarction. Women with
coronary artery disease tend to be older and
have more comorbid illnesses, which add
more diagnostic confusion. Women are also
more likely than men to experience pain at
rest, during sleep, and with mental stress; neck
and shoulder pain; abdominal pain; and nau-
sea and vomiting. In addition, women are
more prone to noncardiac chest pain in gener-
al.44,45 Therefore, chest pain is a poorer pre-
dictor of coronary artery disease in women
compared to men. But in women older than
65 years, exertional chest pain is as likely to be
ischemic as it is in men.

Mechanisms may differ. Women may
have different mechanisms of coronary artery
disease, with more prevalence of vasospastic
angina (syndrome X) and microvascular angi-
na, which have more favorable prognoses.
However, women also have a higher incidence
of nontransmural myocardial infarctions and
clinically silent myocardial infarctions.

Exercise stress electrocardiography has
lower sensitivity and specificity in women
than in men presenting with chest pain.8 This
can be attributed to the lower prevalence of
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coronary artery disease in younger women,
lower prevalence of multivessel disease, and
higher repolarization abnormalities in women.
However, using the abnormal heart recovery
score,46 stress electrocardiography was found
to have equal prognostic value among middle-
aged men and women in predicting mortality
over a 5-year follow-up. (The heart rate
recovery score is the difference between the
heart rates at peak exercise and 1 minute into
recovery. A value of 12 or less has been shown
to predict mortality in both genders. A value
of 8 or less has been shown to predict all-cause
death as well.) Abnormal heart recovery was
an independent predictor of mortality in
women, and was predictive of death in screen-
ing and in symptomatic patients, conferring
risk-stratification power even over the Duke
treadmill score.

■ WOMEN RECEIVE
LESS AGGRESSIVE CARE

Cross-sectional studies showed that women
are less likely than men to be prescribed
aspirin and beta-blockers after an MI.

In primary prevention, the Nurses’ Health
Study47 found that women older than 50 years
who took six or more aspirin tablets per week
had fewer coronary artery disease events than
women who did not (the trend had borderline
statistical significance), but aspirin had no
benefit in younger women or those taking
higher doses. Therefore, we believe that one
should consider aspirin therapy for women
older than 50 years who are at increased car-
diovascular risk.

Women with myocardial infarction are
also less likely to receive thrombolytics (even
after controlling for eligibility), and receive
them later.48 They are also less likely to be
scheduled for stress testing or referred for
coronary angiography after initial exercise
treadmill testing.49 They face a longer hospi-
tal delay in the treatment of acute myocardial
infarction and have greater prevalences of
tachycardia and heart block and a higher
Killip class. They also have higher rates of in-
hospital complications from myocardial
infarction, including strokes, bleeding, shock,
and cardiac rupture.50,51

A recent retrospective analysis from the
Cooperative Cardiovascular Project8 confirms
that women receive less aggressive treatment
than men do during the early management of
myocardial infarction: they are less likely to
undergo diagnostic catheterization, receive
aspirin early on, or receive thrombolysis.
However, this did not translate into a mortal-
ity difference at 30 days after the infarction.

During angioplasty, men and women have
comparable rates of technical success, but
women have higher mortality and complica-
tion rates from angioplasty, probably because
they are older and smaller and have smaller
arteries and more concomitant diseases.52,53

They are more likely to have urgent or emer-
gent coronary artery bypass grafting and have
higher mortality and morbidity rates perioper-
atively. This higher perioperative mortality
rate is attributed to a greater number of
comorbid conditions at the time of referral,
which suggests that women are not being
evaluated aggressively enough.54
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