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ction must be taken to prevent cardiovascular
disease in women and men before signs and
symptoms of the disease appear or a myocar-
dial infarction or stroke is experienced. Prevention is
critical because 40% of all coronary events in women
are fatal, 67% of all sudden deaths in women occur in
those without a history of coronary heart disease,! and
stroke is one of the leading causes of severe disability
among women. Much is known about the risk factors for
cardiovascular disease in women, but much less is
known about the effect modification of these risk factors
has on the reduction of risk in women. However, given
the knowledge available, much can be done to prevent
or control risk factors in women.

Prevention of morbidity and death from cardiovascu-
lar diseases must start in the young. Although healthy
living habits should begin in childhood, this report
focuses on cardiovascular diseases among postmeno-
pausal women entering the coronary heart disease- and
stroke-prone years. The discussion is extended to
younger women where applicable: for example, in the
sections on oral contraceptives and prevention and
control of risk factors.

Because of the growing number of older women in
the population and those at risk for cardiovascular
disease, the diagnosis and treatment of heart disease,
stroke, and peripheral arterial disease are vital.

General Considerations

Cardiovascular diseases, especially coronary heart
disease and cerebrovascular disease, are the leading
causes of death in women in the United States and
claim more black women’s and white women’s lives
than do cancer, accidents, and diabetes combined.2
Each year more than 236 000 women die of a heart
attack, and more than 87 000 women die of a stroke.
The age-adjusted death rates from diseases of the
heart in women are four times higher in white women
and six times higher in black women than the death
rates for breast cancer. From 1980 to 1989 there was a
27% decline in age-adjusted death rates from coro-
nary heart disease and a 65% decline in death rates
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from cerebrovascular diseases from 1960 to 1989
among white women. In black women there was a 22%
and 68% decline, respectively. Despite these substan-
tial declines in mortality, coronary heart disease and
stroke still rank first and third as the causes of death
for middle-aged and older women, with substantially
higher rates in black women. With each decade of life,
the rate of death from coronary heart disease in-
creases threefold to fivefold. By the ages of 75 to 84,
the death rate in white women is more than 1290 per
100 000 population and in black women it is more than
1300 per 100 000 population.2

Cardiovascular diseases are also a leading cause of
disability in women.> Estimates of the percentage of
women with ischemic heart disease who were disabled
by their illness in 1980 ranged from 36% in women aged
55 to 64 to 55% in women aged 75 and older. Women
who survive a stroke fare even worse: 62% of female
stroke survivors aged 55 to 64 had some form of
disability and 61% of those aged 75 and older were
disabled.4

Another indication of the impact of a disease on society
is its cost. In 1991 the cost of cardiovascular disease was
estimated to be $117.4 billion,5 including lost productivity
resulting from disability. Women incur more than half of
the yearly health care costs related to cardiovascular
diseases (about 58%), although their death rate from
cardiovascular disease ranges from one fourth to almost
equal that of men, depending on the age group.s”

By the year 2000, 38% of all women in the United
States will be 45 years old or older. By the year 2015,
this proportion will increase to 45%.8 With this increase
in a population of older women, cardiovascular disease
is likely to be even more of a major health problem in
the future. Because of the relatively large population of
older women in the United States, in 1990 cardiovascu-
lar disease caused a greater proportion of all deaths in
women than in men: 46% and 40%, respectively.® Death
rates from cardiovascular disease, however, are only the
tip of the iceberg; one in nine women aged 45 to 64 has
some form of cardiovascular disease, and after age 65
the ratio increases to one in three.5> While death rates
from cardiovascular disease are declining, the number
of women dying from cardiovascular disease continues
to grow each year.s

Physicians should be aware that women perceive their
risk of cancer as much greater than that of heart disease
or stroke. Before women can reduce their cardiovascu-
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lar risk, they must understand their risk of death or
disability from these diseases.

Risk Factors

A number of cohort studies examining various risk
factors for cardiovascular disease have included women.
In these studies the risk factors for cardiovascular
disease in women are similar to those in men.10-16 In the
Framingham Heart Study, risk factors for definite cor-
onary disease (ie, excluding angina pectoris) included
glucose intolerance, cigarette smoking, elevated systolic
or diastolic blood pressure, increased total serum cho-
lesterol or low-density lipoprotein levels, decreased
high-density lipoprotein levels, older age, and depriva-
tion of estrogen after natural or surgical menopause.1®
These studies have also indicated that certain risk
factors may affect women differently than they do men.
For example, diabetes, hypertriglyceridemia, and low
levels of high-density lipoprotein appear to be stronger
risk factors for women than for men. Sedentary lifestyle
and obesity are also important risk factors for coronary
disease in women.17!° In one study, fitness (as measured
by maximal treadmill exercise test) was significantly
related to decreased total mortality in women, primarily
because of lower rates of cardiovascular disease and
cancer.20 More data are needed to determine whether
such factors as elevated triglyceride level, alcohol in-
take, and postmenopausal progestin use are risk factors
for cardiovascular disease in women. There is evidence
that aspirin may protect against first myocardial infarc-
tion in women; further research is needed.2!

Although progress is being made in decreasing some
known risk factors, much more can be done. For exam-
ple, in 1980-1991 almost 20% of all women had serum
cholesterol levels that were considered high (=240
mg/dl); the proportion was more than 50% in women
more than 55 years old.2 However, in 1988 only 28% of
women in the United States had been told their choles-
terol level and only 13.5% of women reported knowing
their cholesterol level.22 Although high-density lipopro-
tein cholesterol and low-density lipoprotein cholesterol
levels are better markers for risk than is total serum
cholesterol, there are no national estimates for these
fractions.2 After the age of 45 years, 60% of white
women and 79% of black women in the United States
have hypertension (ie, they are taking antihypertensive
medication or have a systolic pressure =140 mm Hg or
a diastolic pressure =90 mm Hg).2 It is estimated that
only 54% of all hypertensive people are aware they are
hypertensive and only 11% receive adequate therapy.
In 1988, almost 50% of black women and 30% of white
women in the United States were obese,2 and almost six
of every 10 women had a sedentary lifestyle.?> The
trend toward inactivity is increasing in the United
States.?2 There has been a decrease in cigarette smoking
by white women and black women of 30% and 36%
respectively from 1965 to 19902 however, nearly 23% of
women 18 and older (almost 22 million women) still
smoke cigarettes.> Contrary to what might be expected,
national cross-sectional data indicate that from 1965 to
1990 the age group with the greatest increase in the
percentage of women who smoked were those 65 and
older (a 45% increase). Women with the greatest re-
duction in proportion of smokers were those aged 18 to
44. This most likely reflects a cohort effect of women

who started to smoke during the 1940s and continued
into older age and a smaller proportion of younger
women (18 to 44) who smoked in 1987 compared with
1965.2

Prevention

Because of the magnitude of the problem of heart
disease and stroke in women and the evidence that risk
can be decreased by a healthy lifestyle, action clearly
must be taken before women show symptoms of coro-
nary disease or have a myocardial infarction. One
reason is that some studies indicate that a higher
proportion of initial heart attacks are fatal in women
(39%) than in men (31%).! In one recent study, the
proportion of women with myocardial infarction who
died in the hospital (15.8%) was higher than that of men
who died in the hospital (10.3%); however, when age
was taken into account, the survival rates of women and
men were similar.2 In addition, women are one and one
half to four times more likely than men to die after
coronary artery bypass surgery.?s

Women’s cardiovascular health can be improved if
the following efforts are made:

1. Public education and awareness are crucial.
Women must understand their vulnerability before they will
make personal changes and accept environmental changes
(eg, no-smoking environments). The three most important
health-related behaviors for women are to avoid smoking,
eat a balanced, low-saturated-fat diet to control blood
lipid levels, and maintain a moderate level of physical
activity to help control weight. If these behaviors do not
also control high blood pressure and diabetes, medical
interventions are needed; diabetes negates the protec-
tive effect that being female has on the risk of develop-
ing coronary heart disease. Although it is never too late
to begin risk reduction, the importance of starting it
early in life must be emphasized.

2. Education of health care providers is essential.
Providers must understand the risks associated with
cardiovascular disease in women as well as the impor-
tance of a) prevention or control of these risk factors, b)
recognition of symptoms (by women themselves as well
as health care providers), and c) timely referral with
appropriate diagnosis and intensive treatment.

3. Studies are needed to help clarify the process of
behavior adaptation and change in women if viable and
effective prevention and intervention efforts are to be
made. What strategies are conducive to healthy life-
styles in women? Is environmental change or health
education more effective?

4. Studies on the effects of risk modification should
include women and provide answers to such questions
as why mortality in white women, compared with that in
black women, does not decrease when antihypertensive
medication is taken.

5. As more women survive heart attack, stroke, cor-
onary artery bypass surgery, or coronary angioplasty,
their prognosis must be better understood to prevent
recurrent attacks and disability. Do women usually care
for themselves after a heart attack or stroke, or do they
need caregivers? What type of medical care or rehabil-
itation do they need and what are they receiving now?
Do they return to their normal activities and have an
improved quality of life?
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6. Health care providers must be familiar with com-
munity resources for referral for smoking cessation,
dietary counseling, weight control, and physical activity.
There are windows of opportunity when behavioral
interventions might be most useful (eg, during preg-
nancy to prevent smoking or during menopause to
encourage exercise and prevent weight gain).

Diagnosis, Treatment, Prognosis, and
Rehabilitation in Women With Coronary
Heart Disease

Chest Pain

Although angina was the predominant initial presen-
tation of coronary heart disease in women in the
Framingham Heart Study (based on clinical history),!
almost 50% of women with chest pain had normal
coronary arteriograms in studies using invasive tech-
niques.262? Women with angina in the Framingham
Study were considered to have a favorable prognosis,
with rare progression to myocardial infarction,?”2% but
these data predate the use of coronary arteriography for
confirmation of coronary heart disease, and some of
these women may have had chest pain of noncoronary
origin. Unfortunately, these early findings contributed
to the perception among physicians that angina was not
a serious prognostic indicator in women.

Elucidation of the etiology of chest pain in women
poses a challenge. An exercise-based diagnostic test
with exercise of adequate intensity is more likely to be
successfully completed by younger women, but the
lower prevalence of coronary disease in young women
engenders a greater likelihood of a false-positive result.
On the other hand, a negative, or normal, test has great
predictive accuracy for the absence of disease. Women
without significant disability from associated disease
with definite or probable angina should undergo appro-
priate exercise testing. Radionuclide imaging, coronary
angiography, or both should be used as indicated for
diagnosis, prognosis, and assessment for possible revas-
cularization. For women with minimal symptoms or
atypical chest pain with a normal resting electrocardio-
gram, exercise electrocardiography is recommended to
rule out disease. If results are normal at an adequate
exercise heart rate or workload, no other testing is
required. If results of the exercise test electrocardio-
gram are abnormal (eg, ST segment depression), stress
radionuclide myocardial perfusion studies or stress
echocardiography can be performed to help separate
false-positive from true-positive responses. Alterna-
tively, some recommend combining exercise electrocar-
diographic testing with a functional test of perfusion or
function from the outset when there is a low to inter-
mediate pretest likelihood of coronary artery disease.

Although the prevalence of coronary heart disease
among older women makes the ordering of an exercise-
based test reasonable, many older women are unable to
exercise adequately because of other illnesses or general
deconditioning. Specific information about the amount
of physical activity performed by women in their daily
routines should be sought because a low activity level
attained at exercise testing may lead to a false-negative
diagnosis of angina pectoris. There is promising infor-
mation on the value of pharmacological stress perfusion
imaging with thallium-201 and pharmacological stress
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echocardiography for detection of myocardial ischemia
and determination of prognosis in patients unable to
exercise adequately. Agents such as dipyridamole, aden-
osine, and dobutamine have been successfully used for
this purpose. Coronary arteriography is an initial diag-
nostic procedure used in women with unstable pain
syndromes for whom exercise testing is inappropriate.
Because most coronary heart disease occurs in elderly
women, the approach should be to identify patients who
are either highly symptomatic or at high risk for coro-
nary heart disease (ie, those with evidence of myocar-
dial ischemia) for more invasive diagnostic and thera-
peutic interventions.

Myocardial Infarction

The average age of death from myocardial infarction
is lower for men than for women. However, by age 65
and over, the number of deaths from ischemic heart
disease is 11% higher for women than for men (Amer-
ican Heart Association, personal communication, Na-
tional Center for Health Statistics, 1993). It is estimated
that the onset of any initial manifestation of coronary
heart disease is 7 to 10 years later in women than in
men. Although the clinical presentation of myocardial
infarction is similar in men and women (except that
women have a higher incidence of non—-Q-wave myo-
cardial infarction), it is more often fatal in women, both
in hospital and during the first year after infarc-
tion,129-31 despite better ejection fraction at hospital
discharge in women with myocardial infarction.3 The
prognosis is even worse for black women than for white
women. It has been speculated that this decreased early
and late survival in women may be due to increased
mean age at the time of infarction, increased complica-
tions of myocardial infarction, and/or comorbidity com-
pared with men.3233 In one study, however, it was
demonstrated that excess mortality in women was not a
function of age at the time of infarction.>! Women also
have unrecognized infarction more frequently than
men; for example, 35% of infarctions were unrecog-
nized in women compared with 28% in men in the
Framingham Heart Study.?® This may also be related
to older age and/or associated diabetes and hyperten-
sion at the occurrence of infarction. Although the
Framingham Study data show that unrecognized infarc-
tion occurs more frequently in women, there is little
information on silent ischemia in women, and data are
needed. Forty percent of women, compared with 13%
of men, have reinfarction during the first year after
infarction.13¢ Women are also more likely than men to
have a stroke after myocardial infarction and less likely
to have postinfarction pericarditis. In the Coronary
Artery Surgery Study, heart failure was reported more
in women than in men, despite better ventricular sys-
tolic function3s; this probably reflects diastolic dysfunc-
tion.3¢ In the Framingham Study, the percentage of
women aged 65 to 94 who died suddenly (37%) was
similar to that of men (40%) in the same age group.!
The Rochester Coronary Heart Disease Project also
shows a similar mortality from sudden unexpected
death among men (13.7%) and women (13.4%) aged 30
years or older.2* Further research is needed to explain
these similarities and differences between the sexes.


http://circ.ahajournals.org/

/702 ‘8T AInc uo 19nb Aq /6.1o°sfeulnofeyeo419//:dny woly papeojumoq

2002 Circulation Vol 88, No 4, Part 1 October 1993

Treatments

Coronary thrombolysis has comparable benefits for
women and men,?? despite the higher rate of bleeding
complications (particularly intracerebral bleeding) in
women,; it is unknown whether a relative increase in
dosage of a thrombolytic drug (because women have a
lesser body mass) is contributory. p-Blocking drugs and
aspirin, given to patients after myocardial infarction, are
of equal benefit in women and men38%; other drugs
have not been systematically compared. Because women
have smaller coronary arteries, vasodilator drugs may
theoretically confer more benefit than for men; how-
ever, because Raynaud’s phenomenon is more frequent
in women, use of nonselective B-blocking drugs may be
unwise.*0 If the decreased mortality risk from postin-
farction ventricular arrhythmias in women*' is con-
firmed, the need for antiarrhythmic therapy after infarc-
tion should be reduced.

There have been no randomized clinical trials of
either percutaneous transluminal coronary angioplasty
or coronary artery bypass grafting in women. Registry
and report series data indicate that women who un-
dergo these procedures are older, have more severe and
unstable angina, 354243 and are more likely to have
urgent or emergency procedures. Although the number
of coronary arteriograms has nearly doubled and the
number of coronary artery bypass graft procedures
nearly tripled in women during the last decade, hospital
discharge data indicate that these procedures are still
used less in women than in men.*45 Because the
outcome of increased use of coronary arteriography and
coronary artery bypass grafting in women has not been
studied, the advantages or disadvantages of these pro-
cedures remain unknown.

Women treated with coronary artery bypass graft
surgery in the Coronary Artery Surgery Study?* and
other studies*> were older, were more likely to have
hypertension and diabetes, and had more severe or
unstable angina, more cardiac enlargement, and more
severe mitral regurgitation than did men; however, they
had less severe and extensive coronary artery disease,
less preoperative infarction, and better ventricular func-
tion.3¢ Women had greater operative and postoperative
mortality from coronary artery bypass grafting3542:45
despite long-term survival rates similar to those of
men.2542 Graft patency appears to be lower for women,
but because these data are derived from angiography
performed for clinical indications, the actual patency
rate is unknown. Postoperative improvement is less
favorable than for men,*6 with less relief of angina,? and
fewer women return to work.4’ In earlier surgical stud-
ies, smaller body size (and therefore smaller coronary
artery size) was thought to be associated with excess
coronary artery bypass grafting mortality3542; this may
contribute to the poorer results of coronary artery
bypass grafting in women.

In the initial National Heart, Lung, and Blood Insti-
tute Percutaneous Transluminal Coronary Angioplasty
Registry, percutaneous transluminal coronary angio-
plasty in women was less successful and had increased
complications, procedural mortality, and hospital mor-
tality than in men; on the other hand, with successful
percutaneous transluminal coronary angioplasty, long-
term survival was better for women, with less restenosis

and less additional revascularization.*= More recent
data show comparable procedure success rates and no
increased procedural mortality.48b.48

Rehabilitation

Data on rehabilitation for women after a coronary
event are limited, and most guidelines are derived from
studies of men. Women are referred for exercise reha-
bilitation less frequently by their physicians, although
women’s functional improvement is comparable to
men’s when exercise rehabilitation is undertaken; how-
ever, their program attendance is lower and dropout
rates are greater.+>50 Whether this reflects timing, set-
tings, or programs designed for the predominant popu-
lation of middle-aged working men (with little relevance
for older women) is unknown. After a coronary event,
women have more depression, anxiety, and guilt feel-
ings about their illness than men355t; their return to
remunerative work is delayed and work is resumed at a
lower intensity compared with men’s, despite an early
return to high-intensity household tasks.3s

Stroke in Postmenopausal Women

Stroke is the leading cause of severe disability in the
United States for both women and men and is the third
leading cause of death. In the United States stroke is
estimated to cost $15.3 billion annually for medical care,
including rehabilitation, and the estimated additional
costs due to loss of earning capacity and lost output
bring the total to $18 billion.5

Mortality

Stroke mortality has declined in the United States5253
and in most western countries since 1900.535¢ The
decline in stroke mortality was observed through the
1970s5355 and into the 1980s.52-5¢ Mortality rates in
women were almost uniformly 10% to 20% lower than
in men, and where it has been studied, the rate of
decline in mortality has been similar in women and
men.56 Mortality rates are generally higher in black men
than in white men and in black women than in white
women.>?

The trends for mortality from cerebral infarction
follow the trends for all stroke, because cerebral infarc-
tion accounts for about 80% of all strokes. There are no
satisfactory data on mortality trends in patients with
primary intracerebral hemorrhage because of its low
incidence and the uncertainty of diagnoses made before
the common use of computed tomography brain scans.
Mortality rates for subarachnoid hemorrhage increased
dramatically from 1950 to 1970 and were always higher
in women, but this increase was probably due to im-
provements in diagnosis made possible by increased use
of cerebral angiography. Since 1970 the mortality rate
for subarachnoid hemorrhage has decreased by 50% or
more in both sexes.

Incidence

The occurrence of stroke is best determined by
studying the incidence of first stroke in a population
because of the potential biases in stroke mortality data
due to changes in coding practices, changes in diagnos-
tic procedures and perceptions, low autopsy rates, and
inaccuracies in death certificate diagnoses.’85° In the
early 1950s the incidence of stroke in Rochester, Minn,
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was similar in men and women, at a little more than 200
per 100 000 population per year. After that, the inci-
dence in women decreased by more than 50% until the
end of the 1970s and decreased in men by about one
third in the same period. In the early 1980s stroke
incidence increased again by about 15% in both men
and women.s® In Soderhamn, Sweden, between the late
1970s and the mid-1980s there was also a significant
increase in the incidence of stroke among women and a
modest but not statistically significant increase in inci-
dence among men.5! The trend in incidence for cerebral
infarction is similar to that for all stroke.

In some studies the incidence of stroke during preg-
nancy and the puerperal period was relatively high for the
subjects’ age group, but these studies were probably
flawed by selection bias. A recent population-based study
indicated that the incidence of stroke in women during
pregnancy and the puerperal period was similar to the rate
for all women aged 15 to 39 in the population.s?

The average annual incidence of transient ischemic
attack is 30 to 50 per 100 000 population and may be
slightly lower in women than in men.63-65 There is no
good evidence of a decline in the incidence of transient
ischemic attack in men or women.

The incidence of primary intracerebral hemorrhage
has declined since the early 1950s in men and women
and was about the same for men and women through
the 1970s at about 10 per 100 000 population per year.56
Subarachnoid hemorrhage is unique in that its inci-
dence has not changed over a 40-year period of obser-
vation. The annual incidence of subarachnoid hemor-
rhage due to aneurysm is about 12 per 100000 in
women and about 7 per 100 000 in men.%’

Risk Factors

Studies of risk factors for stroke have usually included
women and men, but few have reported the relative
risks of these factors specifically for women. Hyperten-
sion is the risk factor with the highest relative risk for
stroke, estimated at about 4.0. The relative risk for
transient ischemic attack is also about 4.0, although
some studies consider transient ischemic attack evi-
dence of first stroke. Age is an important risk factor; risk
almost doubles for each 10 years of increasing age.
Several other risk factors are important, each with a
relative risk of about 2.0; these include ischemic heart
disease, hypertensive heart disease, congestive heart
failure, diabetes mellitus, cigarette smoking, and family
history of myocardial infarction. Atrial fibrillation also
has a high relative risk, but the extent to which it is
independent of hypertension and heart disease is not
entirely clear.s8-70 Nevertheless, atrial fibrillation often
identifies a patient at increased risk of stroke.

The risk factors for stroke appear to be the same for
women and men. However, men between the ages of 50
and 59 have twice the risk of stroke that women of the
same age have after controlling for other significant risk
factors.68.70 At older ages, the rates in men and women
are more similar (eg, at age 80 to 84 the rate of stroke
in men is 22.3 per 100000 and in women 23.9 per
100 000 over a 10-year follow-up in the Framingham
Study™). Several prospective studies indicate that post-
menopausal estrogen replacement therapy protects
against stroke.”%.72
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The incidence of intracranial hemorrhage is low, and
there are few studies of associated risk factors. Primary
risk factors for intracerebral hemorrhage, other than
age, are hypertension and use of oral anticoagulants.”>74
Cigarette smoking is a risk factor for subarachnoid
hemorrhage, but it is unclear whether preexisting hy-
pertension is a significant risk factor.”>-”7 From an
ecological perspective, it is difficult to associate hyper-
tension with risk of subarachnoid hemorrhage because
the incidence of subarachnoid hemorrhage has not
changed over time®”77 and hypertension rates have
decreased substantially in the same populations. This
observation should be verified in population-based lon-
gitudinal studies. There is no indication of whether
these risk factors are more or less important in women,
but the incidence of subarachnoid hemorrhage is signif-
icantly higher in women than in men.

Prevalence of risk factors. The contribution of a risk
factor to occurrence of stroke is determined by the
strength of its association with outcome and the preva-
lence of the condition in the population at risk. Hyper-
tension carries the highest relative risk for stroke and is
also the most prevalent risk factor, being present in
about 30% of men and women over the age of 35 in
Rochester, Minn.”8 Transient ischemic attack without
prior stroke has a prevalence of about 2% in men and
women. Among the other risk factors associated with a
significant independent increased risk of stroke in per-
sons over the age of 35, ischemic heart disease has a
prevalence in the population of 7%, and diabetes mel-
litus of about 6%. Congestive heart failure has a low
prevalence, about 1%. Each of these risk factors in-
creases in prevalence with increasing age.”

Hypertension, transient ischemic attack, congestive
heart failure, and diabetes mellitus have similar preva-
lence rates in men and women, and ischemic heart
disease and atrial fibrillation are much less prevalent in
women than in men.” Cigarette smoking is slightly less
prevalent in adult women than in adult men,5% but
projections for the year 2000 indicate that smoking will
be more prevalent in women than in men.8!

Management of risk factors for stroke. Proper manage-
ment of heart disease and diabetes mellitus is prudent,
but the extent to which treatment of most of these
disorders affects the risk of stroke has not been deter-
mined. However, treatment of patients with nonvalvular
atrial fibrillation with warfarin or aspirin reduces risk of
stroke in women and men.82 Treatment of hypertension
also reduces risk of stroke in women and in men, and by
more in black women than in white women.83.8¢ Women
and men with isolated systolic hypertension also benefit
from treatment.85 Cessation of cigarette smoking re-
duces the effects of smoking on the arteries8¢ as well as
the frequency of stroke.8#88 Aspirin treatment in pa-
tients with transient ischemic attack reduces the fre-
quency of stroke in women and men,®® and when
recent-onset transient ischemic attack is associated with
high-grade carotid artery stenosis on the same side of
the brain, carotid endarterectomy is effective in reduc-
ing stroke in both women and men.%0!

Peripheral Arterial Occlusive Disease
In the United States peripheral arterial occlusive
disease is an important cause of morbidity and health
care expenditures among older people. Incidence in-
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creases sharply with age. From 1985 to 1987, an esti-
mated 229 000 men and 184 000 women per year were
discharged from hospitals with the diagnosis of chronic
peripheral arterial occlusive disease. Arteriography was
performed during 88 000 hospitalizations per year and
aortoiliac femoral bypass during 31 000 hospitalizations
per year. The discharge diagnosis of acute peripheral
arterial occlusive disease was made in 60 000 men and
50 000 women per year, and 28 000 embolectomies or
thrombectomies of lower limb arteries were done per
year. However, few deaths were attributed to peripheral
arterial occlusive disease.??

Coronary artery disease is strongly associated with
peripheral arterial occlusive disease and is the primary
cause of death in patients who have the latter, which
may be asymptomatic or result in intermittent claudica-
tion. Hospitalization for peripheral arterial occlusive
disease is usually due to severe occlusive disease with
accompanying thrombotic occlusion, ischemic skin ul-
ceration, or gangrene that causes pain during rest.
Severe occlusive disease causing limb loss is uncommon
unless patients continue to smoke or have diabetes
mellitus.

Peripheral arterial occlusive disease, as diagnosed by
absence of peripheral pulses or by peripheral arterial
bruits, has a lower prevalence in women than in men; it
is uncommon in women unless they smoke or have
diabetes mellitus, and the age at onset of peripheral
arterial occlusive disease is greater in women than in
men.® In the Systolic Hypertension in the Elderly
Program, in which the subjects were 60 years old or
older and had systolic blood pressure greater than 160
mm Hg, the prevalence of peripheral arterial occlusive
disease (arm-ankle index <0.90) was 26.7% (50 of 187
subjects). The incidence of peripheral arterial occlusive
disease in women increased with age and was associated
with smoking and lower levels of high-density lipopro-
teins.* Signs of peripheral arterial occlusive disease,
such as arterial bruits and nonpalpable peripheral
pulses, are predictors of an associated atherosclerotic
process.® Revascularization of peripheral arterial oc-
clusive disease by angioplasty or bypass surgery de-
pends in part on the disability due to claudication, the
underlying pathoanatomic characteristics, and the
needs and desires of the patient.

Severe coronary artery disease increases the risk of
perioperative complications among patients undergoing
revascularization. Therefore, preoperative patients who
are unable to exercise sufficiently may require pharma-
cologic radionuclide testing to assess limitations in
myocardial perfusion. Those with a moderate or large
defect suggesting potential myocardial ischemia may
require coronary angiography for determination of the
extent and severity of coronary artery disease and the
need for coronary revascularization before surgery for
peripheral arterial occlusive disease.

Hormones and Cardiovascular Disease in Women

Because of past controversies and lack of clinical trial
data, women and their health care providers need
particular information about hormone use and the risk
of cardiovascular disease.

Oral Contraceptives

Studies conducted when doses of estrogen and pro-
gestin in oral contraceptives were higher than they are
now indicated that users had an increased risk of
vascular disease, particularly if they were heavy smok-
ers.%-9%8 The rates of myocardial infarction and stroke
were also adversely affected. Nonsmokers or light smok-
ers had little or no increase in risk due to oral contra-
ceptive use, although smoking itself increases risk of
myocardial infarction. Oral contraceptive use was also
associated with increased risk of stroke, but only in
women who smoked and were hypertensive. Early indi-
cations from newer studies suggest that cardiovascular
risk is lower with use of low-dose oral contraceptives
than with previous preparations, and the newer oral
contraceptives may even be protective.9-192 The reduc-
tion in risk is reasonable, because the adverse effects of
oral contraceptives (raising low-density lipoprotein cho-
lesterol levels, lowering high-density lipoprotein choles-
terol levels, increasing blood pressure, and enhancing
coagulation) are dose dependent. The effect of low-dose
oral contraceptive use on cardiovascular risk among
smokers and women more than 35 years old is not clear;
however, increased risk of cardiovascular disease asso-
ciated with oral contraceptives ends if their use is
discontinued. A meta-analysis of 10 case-control and
eight prospective studies found an overall relative risk
of 1.01 (confidence interval, 0.91-1.18) for myocardial
infarction for past users compared with those who had
never used oral contraceptives.103

Oral contraceptive use has substantial effects on the
plasma lipoprotein risk factors for cardiovascular disease.
The magnitude and direction of effects depend on
whether the preparation has an overall estrogenic or
progestogenic action and on the androgenicity of the
progestin. The estrogenic component raises triglyceride
and high-density lipoprotein levels and decreases low-
density lipoprotein levels, whereas certain progestins with
androgenic actions, such as norgestrel and norethindrone,
have opposite effects.1%4-107 Most commonly used low-dose
oral contraceptives containing levonorgestrel or norethin-
drone raise plasma triglyceride levels%6-1% by increasing
the production of triglyceride-rich very low-density lipo-
proteins.110 Oral contraceptives with levonorgestrel usu-
ally produce greater adverse effects on low-density
lipoprotein and high-density lipoprotein levels than
norethindrone-containing preparations,105-109,111,112 Qra]
contraceptives with fixed very low-dose norethindrone
(0.5 mg per dose or less) lower low-density lipoprotein
levels and raise high-density lipoprotein levels.107:112,113
Apparently the androgenicity of this low dose of nore-
thindrone is overcome by the action of the concomitant
estrogen. Some oral contraceptives long available in
Europe contain the progestins gestodene, desogestrel,
or norgestimate, which have favorable estrogenic effects
on low-density lipoprotein and high-density lipoprotein
levels.107.114-116 Desogestrel- and norgestimate-contain-
ing oral contraceptives are now available in the United
States. The effect on cardiovascular disease of these oral
contraceptives that favorably affect low-density lipopro-
tein and high-density lipoprotein levels is unknown, but
a beneficial action is plausible. Use of this type of oral
contraceptive is preferable for women who have other
risk factors for cardiovascular disease.
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Recommendations. Women who smoke, particularly
those who smoke more than 10 cigarettes per day,
should not use oral contraceptives. An oral contracep-
tive that lowers low-density lipoprotein levels and raises
high-density lipoprotein levels should be used by pa-
tients with high-risk lipid profiles. It is not known
whether oral contraceptives that lower low-density lipo-
protein levels and raise high-density lipoprotein levels
are safe for smokers, because it is speculated that the
immediate cause of increased coronary morbidity may
be more related to thrombosis than to atherogenesis. A
wide range of current low-dose agents can be prescribed
for women who do not smoke and who lack other risk
factors for cardiovascular disease.

Postmenopausal Hormone Use

Millions of women in the United States use estrogen
after menopause. In 1986 alone 20 million prescriptions
were dispensed. Traditionally estrogen has been pre-
scribed to relieve symptoms of menopause. Risk of
osteoporosis and bone fractures can be reduced by
estrogen, which restores calcium balance.!1” The major-
ity of case-control and prospective epidemiological
studies show that postmenopausal women who take
estrogen have a lower incidence of cardiovascular dis-
ease than women who do not use estrogen.!18:119 Qver-
all, estrogen use is associated with a risk reduction of
50% for coronary heart disease,!18:119 and risk of stroke
is similarly decreased.!?0 The beneficial effect of taking
estrogens may extend for years after their use is
stopped.119120 However, caution is needed in interpret-
ing these studies because they were not randomized
trials and could have been affected by selection bias;
that is, physicians may tend to prescribe estrogen for
healthier women.

In the 1970s, concern about thrombotic complications
from high doses of estrogens in oral contraceptives, as
well as studies of hormone use in men with myocardial
infarction, led to withholding of estrogen replacement
therapy from women who had existing cardiovascular
disease. However, on further investigation, estrogen
appears to improve survival in these women even more
than in women without cardiovascular disease.120-122

The recommended dose of postmenopausal estrogen
was decreased during the 1970s and 1980s to the
minimum necessary to relieve menopausal symptoms
and reduce osteoporosis. Recent studies indicate that a
low dose of estrogen, such as 0.625 mg/day of conju-
gated equine estrogens, lowers risk of cardiovascular
disease!19120 in part because it lowers low-density lipo-
protein levels and raises high-density lipoprotein levels
to the same degree as does 1.25 mg.12> Most women in
all studies of estrogen replacement and cardiovascular
disease took estrogen orally, and it is not known
whether transdermal administration of estradiol (by
skin patch) reduces cardiovascular disease risk. How-
ever, because transdermal estradiol has little of the
favorable effects of oral estrogens on plasma low-
density lipoprotein and high-density lipoprotein lev-
els,123-125 reduction of cardiovascular disease risk cannot
be assumed.

Oral estrogen replacement therapy affects plasma
lipoprotein levels.!> Three actions are well known.
Estrogens lower plasma low-density lipoprotein levels
and raise high-density lipoprotein levels each by about
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15%.12> The mechanisms of action are accelerated ca-
tabolism of low-density lipoprotein particlesi?* and
probably increased synthesis of high-density lipoprotein
particles.126 Estrogens increase the liver’s production of
triglycerides and very low—density lipoprotein particles
that raise plasma triglyceride levels.123.126 The effect of
usual doses of oral estrogens, such as micronized estra-
diol (2 mg per dose) or conjugated estrogens (0.625 mg
per dose), is to raise plasma triglyceride levels by about
25% 12 Therefore, estrogens should be used cautiously
in patients with hypertriglyceridemia. A higher dose of
conjugated estrogen (1.25 mg per dose) has only mini-
mal additional effects on low-density lipoprotein and
high-density lipoprotein levels but nearly doubles the
increase in levels of very low-density lipoprotein and
triglyceride particles.!22 The effects of very low doses of
estrogens such as conjugated estrogens (0.3 mg per
dose) are not well characterized. However, these doses
may not be effective for alleviation of menopausal
symptoms in many women. The use of low-dose oral
estrogens could be considered for the therapy of plasma
lipoprotein disorders characterized by high levels of
low-density lipoprotein or low levels of high-density
lipoprotein. Compared with the high cost of most hypo-
lipidemic drugs, oral estrogens are a relatively inexpen-
sive way to favorably affect low-density lipoprotein and
high-density lipoprotein levels.

The beneficial effects of estrogen replacement therapy
on low-density lipoprotein and high-density lipoprotein
levels could explain the reduced rates of cardiovascular
disease in women taking it. However, epidemiological
studies have suggested that only part of the beneficial
effects on cardiovascular disease associated with estrogen
replacement can be explained by the effects on low-
density lipoprotein and high-density lipoprotein lev-
els.121.12 Other plausible mechanisms include decreased
lipid uptake in the vessel wall, improved glucose and
insulin levels,’?” and vasodilation.??8 Estrogens do not
affect blood pressure.!?® In rabbits!* and monkeys,!31-133
estrogen with or without progestins retarded diet-induced
coronary atherosclerosis, apparently by a mechanism
other than improved serum lipid levels.

High doses of estrogens increase the risk of endom-
etrial cancer, but there is insufficient information about
presently used doses. Because progestational hormones
substantially reduce the adverse effect of estrogen re-
placement on endometrial hyperplasia and cancer, a
progestin is often taken with estrogen to protect the
endometrium; however, certain synthetic progestins,
such as norgestrel, norethindrone, and medroxyproges-
terone acetate (the progestin most commonly used by
postmenopausal women), have detrimental androgenic
effects that lower serum high-density lipoprotein levels,
as does testosterone. Oral progesterone, the natural
hormone, does not seem to have an androgenic action,
indicating that the progestational action to protect the
endometrium is an effect separate from the androgenic
action that lowers high-density lipoprotein levels. Ex-
perts do not agree on whether or how to use progestins,
only that women who have had a hysterectomy do not
need them.

Researchers do not agree about whether estrogen
replacement therapy increases breast cancer rates.
There is remarkable inconsistency between studies on
the effects of duration of use and dose on breast cancer
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risk.134-138 One recent meta-analysis found no overall
effect of estrogen use,’35 while another found an in-
crease in risk for breast cancer after 5 years of estrogen
use.138 Concern about an adverse effect of concomitant
progestin use has also been raised.!36:137 Further study is
needed before firm conclusions can be drawn.

Recommendations. A clinical trial in women has not
been conducted to examine the effects of postmeno-
pausal replacement hormones on risk of cardiovascular
disease, but there is strong epidemiological evidence
that estrogen is beneficial in reducing the risk of several
diseases (eg, coronary heart disease and osteoporosis)
in many populations of women. However, the decision
to use estrogen replacement to reduce risk of cardio-
vascular disease should be individualized. Women who
have a high risk of cardiovascular disease because of
adverse lipid profiles or who have preexisting disease
are particularly good candidates for estrogen replace-
ment therapy. Women with lower than average risk
factor levels have less need for estrogen’s protective
effects, and the decision to use estrogen replacement
therapy should be based on other considerations, such
as menopausal symptoms and osteoporosis. The deci-
sion about whether to use a progestin is complex. Some
experts believe that the benefits of estrogen given alone
outweigh the potential adverse effects, because cardio-
vascular disease is far more prevalent than endometrial
cancer. If estrogens are prescribed without a progestin,
the health of the endometrium must be evaluated
before and during therapy. If concomitant progestin
therapy is chosen, a low dose of medroxyprogesterone
acetate (eg, 2.5 mg) should be used. Pharmaceutical
companies should be urged to take steps to market for
postmenopausal women approved progestational hor-
mones (eg, desogestrel, norgestimate) that do not lower
high-density lipoprotein levels.

Conclusion

By the year 2015 almost half of all women in the
United States will be 45 years of age or older, and a
large cohort will be in the coronary heart disease— and
stroke-prone years.!?® To ensure the health of an older
population, we must begin to prevent high-risk behav-
iors in younger women now. Health care providers play
a pivotal role in ensuring that the appropriate diagnosis
is made and treatment prescribed and in educating
women about risk for cardiovascular disease. Women
must have access to knowledge, a healthy environment,
health care, and the skills they need to prevent and
reduce risk from cardiovascular disease.

References

1. Kannel WB, Abbott RD. Incidence and prognosis of myocardial
infarction in women: the Framingham Study. In: Eaker ED,
Packard B, Wenger NK, Clarkson TB, Tyroler HA, eds. Coronary
Heart Disease in Women. Bethesda, Md: National Heart, Lung,
and Blood Institute, National Institutes of Health; 1987.

2. Sempos CT, Cleeman JI, Carroll MD, Johnson CL, Bachorik PS,
Gordon DJ, Burt VL, Briefel RR, Brown CD, Lippel K, Rifkind
BM. Prevalence of high blood cholesterol among US adults: an
update based on guidelines from the Second Report of the
National Cholesterol Education Program Adult Treatment Panel.
JAMA. 1993;269:3009-3014.

3. Soldo BJ, Manton KG. Health status and service needs of the
oldest old: current patterns and future trends. Milbank Mem Fund
Q Health Soc. 1985;63:286-319.

4. Pinsky JL, Jette AM, Branch LG, Kannel WB, Feinleib M. The
Framingham Disability Study: relationship of various coronary

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.
20.

21.

22.

23.
24.

heart disease manifestations to disability in older persons living in
the community. Am J Public Health. 1990;80:1363-1367.

. 1993 Heart and Stroke Facts Statistics. Dallas, Tex: American

Heart Association; 1992.

. Eaker ED, Packard B, Wenger NK, Clarkson TB, Tyroler HA.

Coronary artery disease in women. Am J Cardiol. 1988;61:
641-644.

. National Heart, Lung, and Blood Institute. Expenditures in 1980.

Health Care Financing Administration Review. 1984;5.

. US Senate Special Committee on Aging. Aging America: Trends

and Projections. Washington, DC: US Dept of Health and Human
Services; 1988.

. Thom TJ. Cardiovascular disease mortality among United States

women. In: Eaker ED, Packard B, Wenger NK, Clarkson TB,
Tyroler HA, eds. Coronary Heart Disease in Women. Bethesda,
Md: National Heart, Lung, and Blood Institute, National
Institutes of Health; 1987.

Eaker ED, Castelli WP. Coronary heart disease and its risk
factors among women in the Framingham Study. In: Eaker ED,
Packard B, Wenger NK, Clarkson TB, Tyroler HA, eds. Coronary
Heart Disease in Women. Bethesda, Md: National Heart, Lung,
and Blood Institute, National Institutes of Health; 1987.
Higgins M, Keller JB, Ostrander LD. Risk factors for coronary
heart disease in women: Tecumseh Community Health Study,
1959 to 1980. In: Eaker ED, Packard B, Wenger NK, Clarkson
TB, Tyroler HA, eds. Coronary Heart Disease in Women.
Bethesda, Md: National Heart, Lung, and Blood Institute,
National Institutes of Health; 1987:83-89.

Keil JE, Gazes PC, Loadholt CB, et al. Coronary heart disease
and its predictors among women in Charleston, South Carolina.
In: Eaker ED, Packard B, Wenger NK, Clarkson TB, Tyroler HA,
eds. Coronary Heart Disease in Women. Bethesda, Md: National
Heart, Lung, and Blood Institute, National Institutes of Health;
1987:90-98.

Wingard DL, Cohn BA. Coronary heart disease mortality among
women in Alameda County, 1965 to 1973. In: Eaker ED, Packard
B, Wenger NK, Clarkson TB, Tyroler HA, eds. Coronary Heart
Disease in Women. Bethesda, Md: National Heart, Lung, and
Blood Institute, National Institutes of Health; 1987:99-105.
Bush TL, Criqui MH, Cowan LD, et al. Cardiovascular disease
mortality in women: results from the Lipid Research Clinics
Follow-up Study. In: Eaker ED, Packard B, Wenger NK,
Clarkson TB, Tyroler HA, eds. Coronary Heart Disease in Women.
Bethesda, Md: National Heart, Lung, and Blood Institute,
National Institutes of Health; 1987:106-111.

Stampfer MJ, Colditz GA, Willett WC, et al. Coronary heart
disease risk factors in women: the Nurses’ Health Study expe-
rience. In: Eaker ED, Packard B, Wenger NK, Clarkson TB,
Tyroler HA, eds. Coronary Heart Disease in Women. Bethesda,
Md: National Heart, Lung, and Blood Institute, National
Institutes of Health; 1987:112-116.

Barrett-Connor E, Khaw KT, Wingard DL. A ten-year pro-
spective study of coronary heart disease mortality among Rancho
Bernardo women. In: Eaker ED, Packard B, Wenger NK,
Clarkson TB, Tyroler HA, eds. Coronary Heart Disease in Women.
Bethesda, Md: National Heart, Lung, and Blood Institute,
National Institutes of Health; 1987:117-121.

Barrett-Connor EL. Obesity, atherosclerosis, and coronary artery
disease. Ann Intern Med. 1985;103:1010-1019.

Hubert HB, Feinleib M, McNamara PM, Castelli WP. Obesity as
an independent risk factor for cardiovascular disease: a 26-year
follow-up of participants in the Framingham Heart Study. Circu-
lation. 1983;678:968-977.

Manson JE, Stampfer MJ, Hennekens CH, Willett WC. Body
weight and longevity: a reassessment. JAMA. 1987;257:353-358.
Blair SN, Kohl HW III, Paffenbarger RS Jr, Clark DG, Cooper
KH, Gibbons LW. Physical fitness and all-cause mortality: a
prospective study of healthy men and women. JAMA. 1989;262:
2395-2401.

Manson JE, Stampfer MJ, Colditz GA, Willett WC, Rosner B,
Speizer FE, Hennekens CH. A prospective study of aspirin use
and primary prevention of cardiovascular disease in women.
JAMA. 1991;266:521-527.

Centers for Disease Control. MMWR CDC Surveill Summ. 1991;
40:1-24.

Coronary heart disease attributable to sedentary lifestyle —
selected states, 1988. Morb Mortal Wkly Rep. 1990;39:541-544.
Orencia A, Bailey K, Yawn BP, Kottke TE. Effect of gender on
long-term outcome of angina pectoris and myocardial infarction/
sudden unexpected death. JAMA. 1993;269:2392-2402.


http://circ.ahajournals.org/

/702 ‘8T AInc uo 19nb Aq /6.1o°sfeulnofeyeo419//:dny woly papeojumoq

25.

26.

27.

29.

30.

31

32,

33.
34.

35.

36.

37.

38.

39.

41.

42,

43,

Davis KB. Coronary artery bypass graft surgery in women. In:
Eaker ED, Packard B, Wenger NK, Clarkson TB, Tyroler HA,
eds. Coronary Heart Disease in Women. Bethesda, Md: National
Heart, Lung, and Blood Institute, National Institutes of Health;
1987:247-250.

Kennedy JW, Killip T, Fisher LD, Alderman EL, Gillespie MJ,
Mock MB. The clinical spectrum of coronary artery disease and
its surgical and medical management, 1974-1979: the Coronary
Artery Surgery study. Circulation. 1982;66(pt 2):111-16-I11-23.
Waters DD, Halphen C, Theroux P, David PR, Mizgala HF.
Coronary artery disease in young women: clinical and angio-
graphic features and correlation with risk factors. Am J Cardiol.
1978;42:41-47.

. Kannel WB, Feinleib M. Natural history of angina pectoris in the

Framingham study: prognosis and survival. Am J Cardiol. 1972;
29:154-163.

Lerner DJ, Kannel WB. Patterns of coronary heart disease mor-
bidity and mortality in the sexes: a 26-year follow-up of the
Framingham population. Am Heart J. 1986;111:383-390.

Tofler GH, Stone PH, Muller JE, Willich SN, Davis VG, Poole
WK, Strauss HW, Willerson JT, Jaffe AS, Robertson T, et al.
Effects of gender and race on prognosis after myocardial
infarction: adverse prognosis for women, particularly black
women. J Am Coll Cardiol. 1987;9:473-482.

Greenland P, Reicher-Reiss H, Goldbourt U, Behar S. In-
hospital and 1-year mortality in 1,524 women after myocardial
infarction: comparison with 4,315 men. Circulation. 1991;83:
484-491.

Hendel RC. Myocardial infarction in women. Cardiology. 1990;
77(suppl 2):41-57.

Dustan HP. Coronary artery disease in women. Can J Cardiol.
1990;6(suppl B):19B-21B.

Marmor A, Geltman EM, Schechtman K, Sobel BE, Roberts R.
Recurrent myocardial infarction: clinical predictors and prog-
nostic implications. Circulation. 1982;66:415-421.

Fisher LD, Kennedy JW, Davis KB, Maynard C, Fritz JK, Kaiser
G, Myers WO. Association of sex, physical size, and operative
mortality after coronary artery bypass in the Coronary Artery
Surgery Study (CASS). J Thorac Cardiovasc Surg. 1982;84:
334-341.

Tofler GH, Stone PH, Muller JE, et al. Clinical manifestations of
coronary heart disease in women. In: Eaker ED, Packard B,
Wenger NK, Clarkson TB, Tyroler HA, eds. Coronary Heart
Disease in Women. Bethesda, Md: National Heart, Lung, and
Blood Institute, National Institutes of Health; 1987:215-221.
Gruppo Italiano per lo Studio della Streptochinasi nell ’Infarto
Miocardico (GISSI). Effectiveness of intravenous thrombolytic
treatment in acute myocardial infarction. Lancet. 1986;1:397-402.
Pedersen TR. Six-year follow-up of the Norwegian Multicenter
Study on Timolol after acute myocardial infarction. N Engl J Med.
1985;313:1055-1058.

ISIS-2 (Second International Study of Infarct Survival) Collabo-
rative Group. Randomized trial of intravenous streptokinase, oral
aspirin, both, or neither among 17,187 cases of suspected acute
myocardial infarction: ISIS -2. J Am Coll Cardiol. 1988;12(suppl
A):3A-13A.

. Hutter AM. Coronary artery disease in women: medical man-

agement. In: Eaker ED, Packard B, Wenger NK, Clarkson TB,
Tyroler HA, eds. Coronary Heart Disease in Women. Bethesda,
Md: National Heart, Lung, and Blood Institute, National
Institutes of Health; 1987:229-232.

Moss AJ, Carleen E, and Multicenter Postinfarction Research
Group. Gender differences in the mortality risk associated with
ventricular arrhythmias after myocardial infarction. In: Eaker
ED, Packard B, Wenger NK, Clarkson TB, Tyroler HA, eds.
Coronary Heart Disease in Women. Bethesda, Md: National Heart,
Lung, and Blood Institute, National Institutes of Health; 1987:
204-214.

Loop FD, Golding LR, MacMillan JP, Cosgrove DM, Lytle BW,
Sheldon WC. Coronary artery surgery in women compared with
men: analyses of risks and long-term results. J Am Coll Cardiol.
1983;1(pt 1):383-390.

Gardner TJ, Horneffer PJ, Gott VL, Watkins L Jr, Baumgartner
WA, Borkon AM, Reitz BA. Coronary artery bypass grafting in
women: a ten-year perspective. Ann Surg. 1985;201:780-784.

. Ayanian JZ, Epstein AM. Differences in the use of procedures

between women and men hospitalized for coronary heart disease.
N Engl J Med. 1991;325:221-225.

Writing Group Cardiovascular Disease in Women 2007

45.

46.

47.

Khan SS, Nessim S, Gray R, Czer LS, Chaux A, Matloff J.
Increased mortality of women in coronary artery bypass surgery:
evidence for referral bias. Ann Intern Med. 1990;112:561-567.
Stanton BA, Zyzanski SJ, Jenkins CD, et al. Recovery after major
heart surgery: medical, psychological and work outcomes. In:
Becker R, ed. Psychopathological and Neurological Dysfunctions
Following Open-Heart Surgery. New York, NY: Springer -Verlag;
1982:217-226.

Stanton BA, Jenkins CD, Denlinger P, Savageau JA, Weintraub
RM, Goldstein RL. Predictors of employment status after cardiac
surgery. JAMA. 1983;249:907-911.

48a.Cowley MJ, Mullin SM, Kelsey SF, Kent KM, Gruentzig AR,

Detre KM, Passamani ER. Sex differences in early and long -term
results of coronary angioplasty in the NHLBI PTCA Registry.
Circulation. 1985;71:90-97.

48b.Holmes DR Jr, Holubkov R, Vlietstra RE, Kelsey SF, Reeder

GS, Dorros G, Williams DO, Cowley MJ, Faxon DP, Kent KM,
Bentivoglio LG, Detre K, and the coinvestigators of the National
Heart, Lung, and Blood Percutaneous Transluminal Coronary
Angioplasty Registry. J Am Coll Cardiol. 1988;12:1149-1155.

48c.Savage MP, Goldberg S, Hirshfeld JW, Bass TA, MacDonald RG,

49.

50.

51.

52.

53.

54.
55.

56.

57.
58.

59.

61.
62.

63.

64.

65S.

66.

67.

Margolis JR, Taussig AS, Vetrovec G, Whitworth HB, Zalewski
A, Hill JA, Cowley M, Jugo R, Pepine CJ, for the M-Heart
Investigators. J Am Coll Cardiol. 1991;17:22-28.

Oldridge NB, LaSalle D, Jones NL. Exercise rehabilitation of
female patients with coronary heart disease. Am Heart J. 1980;
100:755-757.

Cannistra LB, Balady GJ, O’Malley CJ, Weiner DA, Ryan TJ.
Comparison of the clinical profile and outcome of women and
men in cardiac rehabilitation. Am J Cardiol. 1992;69:1274-1279.
Boogaard MAK, Briody MD. Comparison of the rehabilitation of
men and women in post-myocardial infarction. J Cardiopulmonary
Rehabil. 1985;5:379.

Cooper R, Sempos C, Hsieh SC, Kovar MG. Slowdown in the
decline of stroke mortality in the United States, 1978-1986.
Stroke. 1990;21:1274-1279.

Whelton PK, Klag MJ. Recent trends in the epidemiology of
stroke: what accounts for the persistent decline in stroke mor-
tality in Western nations? Curr Opin Cardiol. 1987;2:741-747.
Bonita R, Stewart A, Beaglehole R. International trends in stroke
mortality: 1970-1985. Stroke. 1990;21:989-992.

Anderson GL, Whisnant JP. A comparison of trends in mortality
from stroke in the United States and Rochester, Minnesota.
Stroke. 1982;13:804-809.

al-Roomi KA, Dobson AJ, Hall E, Heller RF, Magnus P.
Declining mortality from ischemic heart disease and cere-
brovascular disease in Australia. Am J Epidemiol. 1989;129:
503-510.

Gillum RF. Stroke in blacks. Stroke. 1988;19:1-9.

Corwin LE, Wolf PA, Kannel WB, McNamara PM. Accuracy of
death certification of stroke: the Framingham Study. Stroke. 1982;
13:818-821.

Iso H, Jacobs DR Jr, Goldman L. Accuracy of death certificate
diagnosis of intracranial hemorrhage and nonhemorrhagic stroke:
the Minnesota Heart Survey. Am J Epidemiol. 1990;132:993-998.

. Broderick JP, Phillips SJ, Whisnant JP, O’Fallon WM, Bergstralh

EJ. Incidence rates of stroke in the eighties: the end of the decline
in stroke? Stroke. 1989;20:577-582.

Terent A. Increasing incidence of stroke among Swedish women.
Stroke. 1988;19:598-603.

Wiebers DO, Whisnant JP. The incidence of stroke among
pregnant women in Rochester, Minn, 1955 through 1979. JAMA.
1985;254:3055-3057.

Whisnant JP, Matsumoto N, Elveback LR. Transient cerebral
ischemic attacks in a community: Rochester, Minnesota, 1955
through 1969. Mayo Clin Proc. 1973;48:194-198.

Dennis MS, Bamford JM, Sandercock PAG, Warlow CP.
Incidence of transient ischemic attacks in Oxfordshire, England.
Stroke. 1989;20:333-339.

Whisnant JP, Melton LJ III, Davis PH, O’Fallon WM, Nishimaru
K, Schoenberg BS. Comparison of case ascertainment by medical
record linkage and cohort follow-up to determine incidence rates
for transient ischemic attacks and stroke. J Clin Epidemiol. 1990;
43:791-797.

Drury I, Whisnant JP, Garraway WM. Primary intracerebral
hemorrhage: impact of CT on incidence. Neurology. 1984;34:
653-657.

Ingall TJ, Whisnant JP, Wiebers DO, O’Fallon WM. Has there
been a decline in subarachnoid hemorrhage mortality? Stroke.
1989;20:718-724.


http://circ.ahajournals.org/

/702 ‘8T AInc uo 19nb Aq /6.1o°sfeulnofeyeo419//:dny woly papeojumoq

2008 Circulation Vol 88, No 4, Part 1 October 1993

68.

69.

70.

71.

72.

73.

74.

75.
76.

71.

78.

79.

81.

82.

83.

85.

87.

88.

89.

91.

92.

Davis PH, Dambrosia JM, Schoenberg BS, Schoenberg DG,
Pritchard DA, Lilienfeld AM, Whisnant JP. Risk factors for
ischemic stroke: a prospective study in Rochester, Minnesota.
Ann Neurol. 1987,22:319-327.

Thompson SG, Greenberg G, Meade TW. Risk factors for stroke
and myocardial infarction in women in the United Kingdom as
assessed in general practice: a case-control study. Br Heart J.
1989;61:403-409.

Wolf PA, D’Agostino RB, Belanger AJ, Kannel WB. Probability
of stroke: a risk profile from the Framingham Study. Stroke.
1991;22:312-318.

Paganini-Hill A, Ross RK, Henderson BE. Postmenopausal
oestrogen treatment and stroke: a prospective study. BMJ. 1988;
297:519-522.

Finucane F, Madans J, Bush T, Wolf P, Kleinmann J. Decreased
risk of stroke among post-menopausal hormone users: results
from a natural cohort. Arch Intern Med. In press.

Furlan AJ, Whisnant JP, Elveback LR. The decreasing incidence
of primary intracerebral hemorrhage: a population study. Ann
Neurol. 1979;5:367-373.

Brott T, Thalinger K, Hertzberg V. Hypertension as a risk factor
for spontaneous intracerebral hemorrhage. Stroke. 1986;17:
1078-1083.

Longstreth WT Jr, Koepsell TD, Yerby MS, van Belle G. Risk
factors for subarachnoid hemorrhage. Stroke. 1985;16:377-385.
Bonita R. Cigarette smoking, hypertension and the risk of sub-
arachnoid hemorrhage: a population-based case-control study.
Stroke. 1986;17:831-835.

Phillips LH II, Whisnant JP, O’Fallon WM, Sundt TM Jr. The
unchanging pattern of subarachnoid hemorrhage in a community.
Neurology. 1980;30:1034-1040.

Phillips SJ, Whisnant JP, O’Fallon WM, Hickman RD. A com-
munity blood pressure survey: Rochester, Minnesota, 1986. Mayo
Clin Proc. 1988;63:691-699.

Phillips SJ, Whisnant JP, O’Fallon WM, Frye RL. Prevalence of
cardiovascular disease and diabetes mellitus in residents of
Rochester, Minnesota. Mayo Clin Proc. 1990;65:344-359.

. Centers for Disease Control. Tobacco use by adults: United

States, 1987. JAMA. 1989;262:2364, 2369.

Pierce JP, Fiore MC, Novotny TE, Hatziandreu EJ, Davis RM.
Trends in cigarette smoking in the United States: projections to
the year 2000. JAMA. 1989;261:61-65.

Albers GW, Sherman DG, Gress DR, Paulseth JE, Petersen P.
Stroke prevention in nonvalvular atrial fibrillation: a review of
prospective randomized trials. Ann Neurol. 1991;30:511-518.
Hypertension Detection and Follow-up Program Cooperative
Group. Five-year findings of the Hypertension Detection and
Follow-up Program, III: reduction in stroke incidence among
persons with high blood pressure. JAMA. 1982;247:633-638.

. Garraway WM, Whisnant JP. The changing pattern of hyper-

tension and the declining incidence of stroke. JAMA. 1987;258:
214-217.

SHEP Cooperative Research Group. Prevention of stroke by
antihypertensive drug treatment in older persons with isolated
systolic hypertension: final results of the Systolic Hypertension in
the Elderly Program (SHEP). JAMA. 1991;265:3255-3264.

. Whisnant JP, Homer D, Ingall TJ, Baker HL Jr, O’Fallon WM,

Wievers DO. Duration of cigarette smoking is the strongest pre-
dictor of severe extracranial carotid artery atherosclerosis. Stroke.
1990;21:707-714.

Colditz GA, Bonita R, Stampfer MJ, Willett WC, Rosner B,
Speizer FE, Hennekens CH. Cigarette smoking and risk of stroke
in middle-aged women. N Engl J Med. 1988;318:937-941.

Wolf PA, D’Agostino RB, Kannel WB, Bonita R, Belanger AJ.
Cigarette smoking as a risk factor for stroke: the Framingham
Study. JAMA. 1988;259:1025-1029.

Antiplatelet Trialists’ Collaboration. Secondary prevention of
vascular disease by prolonged antiplatelet treatment. Br Med J
[Clin Res]. 1988;296:320-331.

. North American Symptomatic Carotid Endarterectomy Trial Col-

laborators. Beneficial effect of carotid endarterectomy in symp-
tomatic patients with high-grade carotid stenosis. N Engl J Med.
1991;325:445-453.

European Carotid Surgery Trialists’ Collaborative Group. MRC
European Carotid Surgery Trial: interim results for symptomatic
patients with severe (70-99%) or with mild (0-29%) carotid
stenosis. Lancet. 1991;337:1235-1243.

Gillum RF. Peripheral arterial occlusive disease of the extremities in
the United States: hospitalization and mortality. Am Heart J. 1990;
120(pt 1):1414-1418.

93.

95.

97.
98.

100.

101.

102.

103.

104.

105.

106.

107.

108.

109.

110.

111

112.

113.

114.

115.
116.

Framingham Heart Study Monograph No. 34. Bethesda, Md; US
Dept of Health and Human Services.

. Newman AB, Sutton-Tyrrell K, Rutan GH, Locher J, Kuller LH.

Lower extremity arterial disease in elderly subjects with systolic
hypertension. J Clin Epidemiol. 1991;44:15-20.

Abbott RD, Brand FN, Kannel WB. Epidemiology of some
peripheral arterial findings in diabetic men and women: expe-
riences from the Framingham Study. Am J Med. 1990;88:376-381.

. Stadel BV. Oral contraceptives and cardiovascular disease. N

Engl J Med. 1981;305:612-618.
Sartwell PE, Stolley PD. Oral contraceptives and vascular disease.
Epidemiol Rev. 1982;4:95-109.
Rosenberg L, Kaufman DW, Helmrich SP, Miller DR, Stolley
PD, Shapiro S. Myocardial infarction and cigarette smoking in
women younger than 50 years of age. JAMA. 1985;253:2965-2969.

. Palmer JR, Rosenberg L, Shapiro S. Reproductive factors and

risk of myocardial infarction. Am J Epidemiol. 1992;136:408-416.
Mant D, Villard-Mackintosh L, Vessey MP, Yeates D. Myo-
cardial infarction and angina pectoris in young women. J Epi-
demiol Community Health. 1987;41:215-219.

La Vecchia C, Franceschi S, Decarli A, Pampallona S, Tognoni
G. Risk factors for myocardial infarction in young women. Am J
Epidemiol. 1987;125:832-843.

Hirvonen P, ed. Pathogenesis, Prevention, and Treatment of
Coronary Heart Disease: Proceedings of the Helsinki Heart Sym-
posium, Hanasaari, Finland, June 1-2, 1984. Stockholm, Sweden:
Almgqvist and Wiksell Periodical Co; 1985.

Stampfer MJ, Willett WC, Colditz GA, Speizer FE, Hennekens
CH. Past use of oral contraceptives and cardiovascular disease: a
meta-analysis in the context of the Nurses’ Health Study. Am J
Obstet Gynecol. 1990;163(pt 2):285-291.

Kissebah AH, Harrigan P, Wynn V. Mechanism of hypertriglyc-
eridaemia associated with contraceptive steroids. Horm Metab
Res. 1973;5:184-190.

Wahl P, Walden C, Knopp R, Hoover J, Wallace R, Heiss G,
Rifkind B. Effect of estrogen/progestin potency on lipid/
lipoprotein cholesterol. N Engl J Med. 1983;308:862-867.

La Rosa JC. The varying effects of progestins on lipid levels and
cardiovascular disease. Am J Obstet Gynecol. 1988;158(pt 2):
1621-1629.

Godsland IF, Crook D, Simpson R, Proudler T, Felton C, Lees B,
Anyaoku V, Devenport M, Wynn V. The effects of different
formulations of oral contraceptive agents on lipid and carbo-
hydrate metabolism. N Engl J Med. 1990;323:1375-1381.

Patsch W, Brown SA, Gotto AM Jr, Young RL. The effect of
triphasic oral contraceptives on plasma lipids and lipoproteins.
Am J Obstet Gynecol. 1989;161:1396-1401.

Notelovitz M, Feldman EB, Gillespy M, Gudat J. Lipid and
lipoprotein changes in women taking low-dose, triphasic oral
contraceptives: a controlled, comparative, 12-month clinical trial.
Am J Obstet Gynecol. 1989;160(pt 2):1269-1280.

Walsh BW, Sacks FM. Effects of low-dose oral contraceptives on
very low density and low density lipoprotein metabolism. J Clin
Invest. 1993;91:2126-2132.

Boonsiri B, Kolkijkovinda S, Chutivongse S, Crona N, Medberg
M, Gundersen G, Samsioe G, Garza-Flores J, Valles de Bourges
V, Juarez-Ayala J, et al. A multicentre comparative study of
serum lipids and lipoproteins in four groups of oral combined
contraceptive users and a control group of IUD users: World
Health Organization Task Force on Oral Contraceptives. Contra-
ception. 1988;38:605-629.

Kjos SL, Shoupe D, Douyan S, Friedman RL, Bernstein GS,
Mestman JH, Mishell DR Jr. Effect of low-dose oral contra-
ceptives on carbohydrate and lipid metabolism in women with
recent gestational diabetes: results of a controlled, randomized,
prospective study. Am J Obstet Gynecol. 1990;163(pt 1):1822-1827.
Burkman RT, Zacur HA, Kimball AW, Kwiterovich P, Bell WR.
Oral contraceptives and lipids and lipoproteins, part I: variations
in mean levels by oral contraceptive type. Contraception. 1989;40:
553-561.

Harvengt C, Desager JP, Gaspard U, Lepot M. Changes in lipo-
protein composition in women receiving two low-dose oral con-
traceptives containing ethinylestradiol and gonane progestins.
Contraception. 1988;37:565-575.

Kafrissen ME. A norgestimate-containing oral contraceptive:
review of clinical studies. Am J Clin Nutr. 1992;167:1196-1202.
Gevers Leuven JA, Dersjant-Roorda MD, Helmerhorst FM, de
Boer R, Neymeyer-Leloux A, Havekes L. Estrogenic effect of
gestodene- or desogestrel-containng oral contraceptives on lipo-


http://circ.ahajournals.org/

/702 ‘8T AInc uo 19nb Aq /6.1o°sfeulnofeyeo419//:dny woly papeojumoq

117.

118.
119.

120.

121.

122.

123.

124.

125.

126.

127.

128.

129.

protein metabolism. Am J Obstet Gynecol. 1990;163(1 pt 2):
358-362.

Weiss NS, Ure CL, Ballard JH, Williams AR, Daling JR.
Decreased risk of fractures of the hip and lower forearm with
postmenopausal use of estrogen. N Engl J Med. 1980;303:
1195-1198.

Barrett-Connor E, Bush TL. Estrogen and coronary heart disease
in women. JAMA. 1991;265:1861-1867.

Stampfer MJ, Colditz GA, Willett WC, Manson JE, Rosner B,
Speizer FE, Hennekens CH. Postmenopausal estrogen therapy
and cardiovascular disease: ten-year follow-up from the Nurses’
Health Study. N Engl J Med. 1991;325:756-762.

Henderson BE, Paganini-Hill A, Ross RK. Decreased mortality
in users of estrogen replacement therapy. Arch Intern Med. 1991;
151:75-78.

Sullivan JM, Vander Zwaag R, Hughes JP, Maddock V, Kroetz
FW, Ramanathan KB, Mirvis DM. Estrogen replacement and
coronary artery disease: effect on survival in postmenopausal
women. Arch Intern Med. 1990;150:2557-2562.

Bush TL, Barrett-Connor E, Cowan LD, Criqui MH, Wallace RB,
Suchindran CM, Tyroler HA, Rifkind BM. Cardiovascular mor-
tality and noncontraceptive use of estrogen in women: results
from the Lipid Research Clinics Program Follow-up Study. Cir-
culation. 1987;75:1102-1109.

Walsh BW, Schiff I, Rosner B, Greenberg L, Ravnikar V, Sacks
FM. Effects of postmenopausal estrogen replacement on the con-
centrations and metabolism of plasma lipoproteins. N Engl J Med.
1991;325:1196-1204.

Chetkowski RJ, Meldrum DR, Steingold KA, Randle D, Lu JK,
Eggena P, Hershman JM, Alkjaersig NK, Fletcher AP, Judd HL.
Biologic effects of transdermal estradiol. N Engl J Med. 1986;314:
1615-1620.

Sacks FM, Walsh BW. The effects of reproductive hormones on
serum lipoproteins: unresolved issues in biology and clinical
practice. Ann N'Y Acad Sci. 1990;592:272-285.

Schaefer EJ, Foster DM, Zech LA, Lindgren FT, Brewer HB Jr,
Levy RI. The effects of estrogen administration on plasma lipo-
protein metabolism in premenopausal females. J Clin Endocrinol
Metab. 1983;57:262-267.

Barrett-Connor E, Laakso M. Ischemic heart disease risk in post-
menopausal women: effects of estrogen use on glucose and insulin
levels. Arteriosclerosis. 1990;10:531-534.

Williams JK, Adams MR, Klopfenstein HS. Estrogen modulates
responses of atherosclerotic coronary arteries. Circulation. 1990;
81:1680-1687.

Hassager C, Riis BJ, Strom V, Guyene TT, Christiansen C. The
long-term effect of oral and percutaneous estradiol on plasma
renin substrate and blood pressure. Circulation. 1987,76:753-758.

Writing Group Cardiovascular Disease in Women 2009

130.

131.

132.

133.

134.
135.

136.

137.

138.

139.

Hough JL, Zilversmit DB. Effect of 17 beta estradiol on aortic
cholesterol content and metabolism in cholesterol-fed rabbits.
Arteriosclerosis. 1986;6:57-63.

Adams MR, Clarkson TB, Koritnik DR, Nash HA. Contraceptive
steroids and coronary artery atherosclerosis in cynomolgus
macaques. Fertil Steril. 1987;47:1010-1018.

Wagner JD, St Clair RW, Schwenke DC, Shively CA, Adams MR,
Clarkson TB. Regional differences in arterial low density lipo-
protein metabolism in surgically postmenopausal cynomolgus
monkeys: effects of estrogen and progesterone replacement
therapy. Arterioscler Thromb. 1992;12:717-726.

Wagner JD, Clarkson TB, St Clair RW, Schwenke DC, Shively
CA, Adams MR. Estrogen and progesterone replacement therapy
reduces low-density lipoprotein accumulation in the coronary
arteries of surgically postmenopausal cynomolgus monkeys. J Clin
Invest. 1991;88:1995-2002.

Brinton LA. Menopause and the risk of breast cancer. Ann N Y
Acad Sci. 1990;592:357-362.

Dupont WD, Page DL. Menopausal estrogen replacement
therapy and breast cancer. Arch Intern Med. 1991;151:67-72.
Bergkvist L, Adami HO, Persson I, Hoover R, Schairer C. The
risk of breast cancer after estrogen and estrogen-progestin
replacement. N Engl J Med. 1989;321:293-297.

Ewertz M. Influence of non-contraceptive exogenous and
endogenous sex hormones on breast cancer risk in Denmark. Int
J Cancer. 1988;42:832-838.

Steinberg KK, Thacker SB, Smith SJ, Stroup DF, Zack MM,
Flanders WD, Berkelman RL. A meta-analysis of the effect of
estrogen replacement therapy on the risk of breast cancer. JAMA.
1991;265:1985-1990.

Wenger NK, Speroff L, Packard B, eds. Cardiovascular Health and
Disease in Women: Proceedings of a National Heart, Lung, and
Blood Institute Conference, January 22-24, 1992. Greenwich, Conn;
Le Jacq Communications. In press.

Additional Reading

Wenger NK, Speroff L, Packard B. Cardiovascular health and
disease in women. N Engl J Med. 1993;329:247-256.

Rosano GMC, Sarrel PM, Poole-Wilson PA, Collins P. Beneficial
effect of oestrogen on exercise-induced myocardial ischaemia in
women with coronary artery disease. Lancet. 1993;342:133-136.

Wenger NK, ed. Inclusion of Elderly Individuals in Clinical Trials:
Cardiovascular Disease and Cardiovascular Therapy as a Model.
Kansas City, Mo: Marion Merrell Dow, Inc; 1933.


http://circ.ahajournals.org/

/702 ‘8T AInc uo 19nb Aq /6.1o°sfeulnofeyeo419//:dny woly papeojumoq

Association.

' I d American
QLm_u.l.amD “ Heart

Cardiovascular diseasein women.
E D Eaker, JH Chesebro, F M Sacks, N K Wenger, J P Whisnant and M Winston

Circulation. 1993;88:1999-2009

doi: 10.1161/01.CIR.88.4.1999
Circulation is published by the American Heart Association, 7272 Greenville Avenue, Dallas, TX 75231
Copyright © 1993 American Heart Association, Inc. All rights reserved.
Print ISSN: 0009-7322. Online ISSN: 1524-4539

The online version of this article, along with updated information and services, islocated on the
World Wide Web at:
http://circ.ahajournal s.org/content/88/4/1999.citation

Permissions. Requests for permissions to reproduce figures, tables, or portions of articles originally published in
Circulation can be obtained via RightsLink, a service of the Copyright Clearance Center, not the Editorial Office.
Once the online version of the published article for which permission is being requested is located, click Request
Permissions in the middle column of the Web page under Services. Further information about this processis
available in the Permissions and Rights Question and Answer document.

Reprints: Information about reprints can be found online at:
http://www.Ilww.com/reprints

Subscriptions: Information about subscribing to Circulation is online at:
http://circ.ahajournal s.org//subscriptions/



http://circ.ahajournals.org/content/88/4/1999.citation
http://www.ahajournals.org/site/rights/
http://www.lww.com/reprints
http://circ.ahajournals.org//subscriptions/
http://circ.ahajournals.org/



