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Abstract
This chapter is intended to give an overview of
the influence of hormone replacement therapy
in cardiovascular disease, broadly talking
about the epidemiology of cardiovascular
disease in women and the possible mechanisms
by which hormone replacement therapy may be
a cardioprotective factor. They also comment on
recent controversies on this subject and present
indications of HRT.

Abbreviations
CAD Coronary artery disease
CDV Cardiovascular disease
HERS The heart and estrogen/progestin

replacement study
HRT Hormone replacement therapy
SERMs Selective estrogen receptor

modulators
TPA Tissue plasminogen activator

antigen
WHI Women’s Health Initiative trial

Introduction

The predominant perception for many years has
been that coronary artery disease is a rare occur-
rence in women, especially in young women,
leading to the view that arteriosclerotic disease
of the vascular tree is less important in women
overall. Both perceptions are incorrect (Knopp
1998). Cardiovascular disease across the entire
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lifetime is slightly more common as a cause of
mortality in women than in men. In the middle-
age years, cardiovascular disease is associated
with multiple risk factors, possibly with more in
women than one sees with men of the same age
having coronary artery disease (Knopp 1998).
Postmenopausal hormone replacement is a very
important therapy, but it is not entirely without
side effects. Until less than a decade ago, it was
thought that hormone replacement therapy might
be beneficial for the prevention of cardiovascular
disease in postmenopausal women but is now
considered to be ineffective both as primary or
as secondary preventions and even that it can
increase venous thromboembolic events and
stroke (The Cochrane Collaboration 2013).

Epidemiology

Overall, one in five women has some form of
CVD, but this proportion varies depending on
age: only one in seven women has CVD at ages
45–64 years, but almost one in three women has
CVD at age older than 65.

Although the death rate from CVD in men has
declined, the mortality rate has remained rela-
tively constant for women.

Although women develop coronary artery dis-
ease (CAD) on average 10–20 years later thanmen,
because they constitute a much larger proportion of
the population older than 65, more women than
men die annually of myocardial infarction.

Differences between men and women have
been identified for the impact of diabetes and
dyslipidemia on female health as well as the effect
of combinations of risk factors on distribution of
vascular disease in the arterial tree. It has long

been recognized that women have greater incre-
ment in susceptibility to diabetes than men,
resulting in diabetic women having a coronary
disease rate equaling or approaching that of men
(Table 1). Diabetes in women increases cardio-
vascular risk by three- to sevenfold compared
with a two- to threefold increase for men.

Women tend to have a 10–15 year delay in the
curve describing the rise in cardiovascular disease.
The leading condition embodying multiple risk
factors is the metabolic syndrome, also known as
insulin-resistance syndrome or syndrome X (Knopp
1998). This syndrome is associated with obesity, a
propensity to hypertension, overt diabetes, and
combined hyperlipidemia consisting of elevated
plasma triglyceride, very low-density lipoprotein
cholesterol (VLDL-C), intermediate-density lipo-
protein cholesterol (IDL-C), low-density lipopro-
tein cholesterol (LDL-C), small dense LDL, and
low high-density lipoprotein cholesterol (HDL-C).

Oral Contraceptive Use
in Cardiovascular Disease Risk

The putative benefits of the use of hormone
replacement therapy for the prevention of clinical
coronary artery disease among postmenopausal
women have been documented by most, but not
all, observational studies (Sidney et al. 1997;
Mosca et al. 1998; Meilahn 1999). Barrett-
Connor and Grady (1998) estimated that, compar-
ing users versus nonusers, estrogen therapy alone
was associated with about a 35–50 % reduction
and estrogen-progesterone with about 33 %
reduction in the risk of coronary disease. The
Nurses’ Health Study research group (Grodstein
et al. 1996, 1997) estimated that there was about a

Table 1 Annual incidence of angina, myocardial infarction, and sudden death in men and women per 10,000 population

Angina Myocardial infarction Sudden death

Age Men Women Men Women Men Women

45–54 30 21 54 9 11 3

55–64 74 54 91 25 21 6

65–74 52 51 119 51 31 13

75–84 25 94 168 90 43 32
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20 % reduction in cardiovascular disease among
hormone users and a 30 % reduction in risk. The
results of these observational studies have led to
widespread use of HRT among postmenopausal
women for the prevention of cardiovascular dis-
ease (Meilahn 1999).

When introduced in the 1960s, the oral contra-
ceptive pills contained between 100 and 150 μg of
ethinyl estradiol, which is about 10 times the
postmenopausal replacement amount (Knopp
1998). The doses of oral contraceptive estrogens
have declined over the ensuing decades to 20–35
μg daily of ethinyl estradiol which is about 1.3–2
times postmenopausal replacement levels. Even at
these doses, venous thrombosis still occurs (Lewis
et al. 1996). Several studies in the mid- and late
1980s have verified the earlier epidemiological
surveys that show that even with lower estrogen
dose oral contraceptives, the risk of coronary
artery disease in cigarette smoking oral contracep-
tive user is about tenfold increased from baseline
and about three- to fourfold above the risk of
cigarette smoking alone for coronary artery dis-
ease (Rosenberg et al. 1985). The current oral
contraceptives have much lower estrogen content
and do not appear to increase the risk of myocar-
dial infarction or stroke; however, there is still a
twofold increased risk of deep venous thrombosis
or pulmonary embolism. Women smokers who
use oral contraceptives are more likely to develop
hypertension, heart attack, and stroke than non-
smokers, a risk that increases with age. Therefore,
oral contraceptives are contraindicated in female
smokers older than 35 years.

Mechanism of Action

The mechanisms of the increased risk of coronary
artery disease in postmenopausal women and its
prevention by hormone replacement treatment
have not been fully elucidated (Lip et al. 1997).
Abnormalities in plasma coagulation factors,
which are indicative of a prothrombotic state,
may partly account for this risk in postmenopausal
women compared with premenopausal state.
Many such prothrombotic factors exist, which
have been generally associated with

cardiovascular risk. For example, elevated plasma
fibrinogen levels which are associated with an
increased risk of coronary heart disease and stroke
may promote the disease by increasing fibrin for-
mation and platelet aggregation or by rheologic
effects on blood viscosity and red cell aggrega-
tion, which may promote disturbed blood flow
(Edmunds and Lip 2000). Plasminogen activator
inhibitor (PAI) is an index of fibrinolysis, and
thus, high levels are a marker of increased
thrombogenesis (Dawson and Henney 1992).

Plasma fibrin D-dimer levels are an index of
fibrin turn over and thus of ongoing intravascular
thrombogenesis. The levels of plasma fibrin
D-dimer are elevated in venous thrombosis and
peripheral arterial disease and in patients at risk of
coronary heart disease (Lip and Love 1995). Lipo-
protein A is a lipid fraction that is closely associ-
ated with thrombogenesis and atherogenesis (Lip
and Jones 1995). In addition, endothelial function
has been implicated in atherogenesis and cardio-
vascular disorders (Blann and Taberner 1996).
Various markers of endothelial functions have
been suggested. Plasma von Willebrand factor
(vWF), for example, is a marker of endothelial
disturbance that is associated with thromboem-
bolic stroke, coronary heart disease, and periph-
eral arterial disease (Lip and Blann 1995). The
soluble leukocyte adhesion molecule P-selectin
is also increased in atherosclerosis (Blann
et al. 1995) and is a possible marker of platelet
activation (Chong et al. 1994). Other plasma fac-
tors that may be important in atherosclerosis and
have been suggested as markers of endothelial
function include soluble thrombomodulin (sTM)
and tissue plasminogen activator antigen (TPA)
(Blann and Taberner 1996).

Lip et al. (1997) studied the effect of estrogen-
only HRT (oral conjugated estrogen as Premarin,
0.625 mg) on 27 premenopausal women under-
going hysterectomy and bilateral salpingo-
oophorectomy. They found that there was a
significant elevation in sTM and a trend toward
higher median soluble P-selectin, PAI, and
mean TPA levels. There was also a significant
reduction in mean vWF levels compared with
premenopausal levels. They felt that their study
showed that HRT had some beneficial effects on
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endothelial function, probably as a result of a
combination of both enhanced inotropism and
vasodilation with direct effects on the arterial sys-
tem by other endothelial products such as nitric
oxide.

In the Framingham Offspring Study (Otavio
et al. 1995), the investigators measured PAI-1
and TPA antigen levels in 1,431 participants.
They found that women receiving hormone
replacement therapy had 35 % lower levels of
PAI-1 than postmenopausal women not receiving
hormones. Premenopausal women had a lower
mean level of PAI-1 levels than men of compara-
ble age. PAI-1 levels in postmenopausal women
not receiving hormone replacement therapy did
not differ from those observed in older men.
Premenopausal women had a 25 % lower level
of PAI-1 antigen levels than postmenopausal
women not receiving hormones. Postmenopausal
women receiving hormones had lower levels of
TPA than those not receiving hormones. Plasma
triglycerides were significantly correlated with
PAI-1 and TPA antigen levels. They concluded
that the protective effect of estrogen against coro-
nary heart disease may be due in part to the ben-
eficial effects on fibrinolysis.

Bonduki et al. (1998) investigated the effect of
estrogen and progestin hormone replacement ther-
apy on antithrombin III (AT III) levels in climac-
teric women, comparing oral to transdermal
routes of estrogen administration. They found
that there was a statistically significant reduction
of plasma AT III levels in patients receiving oral
conjugated estrogen, whereas patients who
received transdermal 17-β-estradiol presented no
change. Harris et al. (1999) studied the effect of
the use of combined oral contraceptives on tissue
factors pathway inhibitor (TFPI). They found that
ethinyl estradiol in doses between 30 and 50 μg
per day in combination with a variety of
progestagens resulted in a 25 % reduction in
TFPI antigen and 29 % decrease in activity.
TFPI is the major physiological inhibitor of factor
7A activity indicating activation of the extrinsic
coagulation pathway. Changes in the plasma TFPI
levels may be an important factor in the
procoagulant and thrombotic risks associated
with oral contraceptive use.

In contrast, Scarabin et al. (1993) concluded
that their study showed a potentially protective
effect of HRT against an increased thrombotic
tendency. They measured hemostatic variables in
293 consecutive healthy women aged 45–54 years
who attended a health checkup center in Paris.
Most women using HRTwere given 17-β-estradiol
in combination with progestin. Mean levels of
plasma fibrinogen, factor 8 coagulant activity,
and plasminogen activator inhibitor were signifi-
cantly higher in postmenopausal women not
taking HRT than premenopausal women within
the same decade. HRT significantly reversed the
menopause-related changes in factor 7.

In a review of estrogen and coronary heart
disease in women (Barrett-Connor and Bush
1991), the authors found that with the exception
of two studies all of the data on known contracep-
tive estrogen use and coronary heart disease risk
in women are observational. Women using the
estrogens had significantly less coronary artery
stenosis than women not using estrogen. Eleven
of the 24 published reports reviewed in their paper
showed statistically significant reductions in cor-
onary heart disease risk among women using
estrogens. The authors therefore concluded that
the weight of evidence pointed toward a substan-
tial reduction in coronary heart disease risk among
women using estrogens. They however added that
these studies probably were inherently biased as
women taking estrogen therapy were by definition
compliant women.

Nabulsi et al. (1993) examined the association
of hormone replacement therapy with concentra-
tions of plasma lipids and hemostatic factors,
fasting serum concentrations of glucose, and insu-
lin and blood pressure on 4,958 postmenopausal
women using estrogen alone (83 %) or using
estrogen and progestin (17 %). They found that
oral contraceptive users had a higher mean level
of high-density lipoprotein cholesterol and
apolipoprotein A1 than nonusers and lower mean
levels of low-density lipoprotein cholesterol,
apolipoprotein B, lipoprotein (a), fibrinogen, anti-
thrombin III, and fasting serum glucose and insulin.
They concluded that the use of estrogen combined
with progestin appeared to be associated with a
better profile than the use of estrogen alone.
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Koh et al. (1997) studied the effect of hormone
replacement therapy on PAI-1 levels. In a random-
ized crossover study, they investigated the effects
of oral conjugated estrogen (0.625 mg per day) in
30 postmenopausal women and transdermal estra-
diol (0.1 mg per day) in 20 postmenopausal
women either alone or in combination with
medroxyprogesterone acetate (2.5 mg daily for
one month) and plasma PAI-1 antigen levels.
They measured the degradation products of
cross-linked fibrin (D-dimer) as an index of fibri-
nolysis. PAI-1 levels were inversely associated
with D-dimer levels at baseline. Conjugated estro-
gen alone or in combination with progestin ther-
apy reduced PAI-1 levels by approximately 50 %
and was associated with enhanced systemic
fibrinolysis.

The postmenopausal estrogen/progestin inter-
vention (PEPI) trial (1995) tried to assess pairwise
differences between placebo, unopposed estro-
gen, and each of the three estrogen/progestin reg-
imens on selected heart disease risk factors in
healthy postmenopausal women. This was a
three-year, multicenter, randomized, double-
blind, placebo-controlled trial. The investigators
found that the estrogen alone or in combination
with a progestin improved lipoproteins and
lowered fibrinogen levels without detectable
effects on postchallenge insulin or blood pressure.
Unopposed estrogen was found to be the optimal
regime for elevation of HDL-C. In women with
uterus, conjugated equine estrogen with cyclic
medroxyprogesterone had the most favorable
effect on HDL-C and no excess risk of endome-
trial hyperplasia.

Controversies in Hormone
Replacement Therapy and Heart
Disease Prevention

The heart and estrogen/progestin replacement
study (HERS) (Shlipak et al. 2000) attempted to
determine the relationships among treatment with
estrogen and progestin, serum, and lipoprotein
(a) levels and subsequent coronary artery
disease events in postmenopausal women. This
was a randomized, blinded, placebo-controlled

secondary prevention trial with a mean follow-
up of 4.1 years at 20 centers. A total of 2,763
postmenopausal women younger than 80 years
with coronary artery disease and an intact uterus
and a mean age of 66.7 years were randomly
assigned to receive either conjugated equine estro-
gen 0.625 mg plus medroxyprogesterone acetate
2.5 mg in one tablet daily or identical placebo.
The investigators found that increased baseline
lipoprotein (a) levels were associated with subse-
quent coronary artery disease even among women
in the placebo arm.

In a randomized subgroup comparison, women
with low baseline lipoprotein (a) levels had less
benefit from estrogen and progestin than women
with high lipoprotein (a) levels. The relative
hazards (RH) for women assigned with estrogen
and progestin compared with placebo were 1.49
(95 % confidence interval, 0.97–2.26) in the lowest
quartile and 1.05 (95 % CI, 0.67–1.65), 0.78
(0.52–1.18), and 0.8 (0.58–1.25) in the second,
third, and fourth quartiles, respectively. They con-
cluded that lipoprotein (a) is an independent risk
factor for recurrent coronary artery disease in post-
menopausal women and that treatment with estro-
gen and progestin lowered lipoprotein (a) levels.

They also found that treatment with oral con-
jugated equine estrogen plus medroxypro-
gesterone acetate did not reduce the overall rate
of coronary artery disease events in postmeno-
pausal women with established coronary disease
(Hulley et al. 1998).

Observation studies of estrogen replacement
therapy and coronary artery disease are numerous,
and most of them show a lower risk of
reinfarction, coronary heart disease-related
death, and coronary artery stenosis in users of
estrogen replacement therapy. Reasons to view
cautiously the observational results have always
existed. Women with healthy behavior, such as
those who follow a low-fat diet and exercise reg-
ularly, may selectively use postmenopausal hor-
mone replacement treatment.

Estimates of relative risk (RR) of coronary
artery disease in hormone users will be biased
toward finding a protective effective hormone
use for coronary artery disease (prevention bias)
(Petitt 1998). Compliance bias is large enough to
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explain entirely reductions in the relative risk of
coronary artery disease between users and
nonusers of hormone replacement therapy of the
magnitude found in observation studies (Petitt
1998). The Coronary Primary Prevention Trial
(Lipid Research Clinics program 1984), the West
of Scotland Coronary Prevention Study (Shep-
herd et al. 1995), the Helsinki Heart Study (Frick
et al. 1987), and the Scandinavian Simvastatin
Survival Study (1994) have all shown that lipid
lowering can predict reductions in the risk of
coronary artery disease and that lipid lowering
can be used as a surrogate end point for coronary
artery disease. For female hormones, beneficial
lipid effects do not directly translate the reduc-
tions in the disease end points, at least in persons
with coronary disease.

The lipid hypothesis has dominated thinking
about coronary artery disease for at least four
decades (Petitt 1998). There is growing recogni-
tion that thrombotic phenomena play an important
role in acute coronary syndromes (Petitt 1998).
HRT increases the risk of venous thrombosis.
Blumenthal et al. (2000) stated that the failure of
HERS to achieve a positive result does not dis-
prove the estrogen/heart disease hypothesis since
the trial was significantly underpowered.

The new selective estrogen receptor modula-
tors (SERMs), for example, raloxifene, have also
been associated with increased risk of venous
thromboembolism (Kuller 2000). The risk of
venous thrombosis increases with age among
women. There is little evidence at present that
the risk of venous thrombosis is lessened among
women taking SERMs as compared with estrogen
or estrogen-progesterone (Kuller 2000).

A possible scenario to explain the divergent
results of observational studies and the only ran-
domized control trial of the use of HRT on coro-
nary artery disease in postmenopausal women
may be that estrogen or estrogen-progesterone
therapy reduces the progression of atherosclerotic
disease and therefore decreases the risk of coro-
nary heart disease but has an adverse effect
(at least in some women) and exerts a
proinflammatory response on vulnerable plaques.
Thus, for women who have had an acute myocar-
dial infarction and perhaps women with extensive

coronary atherosclerosis and many vulnerable
plaques, estrogen or estrogen-progesterone ther-
apy may be associated at least in the short term
with an increased risk of cardiovascular disease
(Kuller 2000).

Since the early 1980s several observational
studies consistently showed that HRT users,
many of whom started treatment shortly after
menopause, had a significant reduction in total
mortality and risk of CVD events of approxi-
mately 30–50 % relative to women who chose
not to use HRT (Grady 1992; Grodstein 1999;
Grodstein 2000; Mann 1994; Psaty 1994;
Rosenberg 1993; Stampfer 1991).

The publication of the results from the Heart
and Estrogen/Progestin Replacement Study
(HERS I 1998) and the Women’s Health Initiative
(WHI I 2002) trials appeared to strongly contra-
dict conventional clinical practice based on the
evidence from observational studies (Women’s
Health Initiative Study Group 1998; The
Cochrane Collaboration 2013).

The HERS I results showed that there was an
excess risk of CVD events in the HRT group in the
first year on treatment, for the overall 4.2 years of
follow-up, and there were no differences in CVD
events between the HRT and placebo groups,
coupled with an increased risk of both venous
thromboembolism and pulmonary embolism. A
further 2.7 years of follow-up still showed no
CVD benefit (Grady et al. 1998).

TheWHI I 2002 was a primary prevention trial
conducted in 16,609 postmenopausal women
without hysterectomy. Participants were ran-
domly assigned to combination therapy or pla-
cebo. There was an excess risk of CVD in the
first year and a nearly 30 % increased risk of
coronary events after 5.6 years. A subgroup anal-
ysis of the 400 women included in the trial who
had a history of myocardial infarction or coronary
revascularization and showed a similar risk (The
Cochrane Collaboration 2013; Grady et al. 1998).

After the results obtained in these studies inter-
est alighted upon the timing of initiation of HT in
relation to the time of menopause. This “timing
hypothesis” suggests that there is a window of
opportunity where HRT may be beneficial for
prevention of CVD in women 10 years
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postmenopause but that in older women, it does
not appear to have the same benefits and may be
associated with excess CVD risk (The Cochrane
Collaboration 2013).

In support of the “timing hypothesis,” a
stratified meta-analyses indicated differential
treatment effects with HRT relative to placebo
according to the participants’ baseline age
(Salpeter 2004). This study analyses assessed
30 RCTs which compared HRT with placebo
that included 26,798 participants and reported
at least one death, to assess the effect of HRT
on total mortality, due to CV disease, cancer, or
other causes. Results indicated a significantly
reduced risk of death in women with a mean
age of under 60 years taking HRT compared
to a placebo group, though no difference was
found when older women were compared
(The Cochrane Collaboration 2013).

Conclusion

The question of whether premenopausal women
are protected from atherosclerotic disease by virtue
of their hormonal status still remains unanswered
(Edmunds and Lip 2000). The same risk factors for
cardiovascular disease appear to operate in women
as in men. Smoking, hyperlipidemia, hypertension,
and diabetes are significant risk factors for the
development of coronary artery disease in women
and should be treated aggressively.

The guidelines agreed to by members of the
roundtable discussion are summarized in Table 2.
Estrogen has demonstrated cardiovascular bene-
fits in healthy postmenopausal women, but the
magnitude of these benefits may decrease with
increasing age, time since menopause, and the
presence of CVD or CVD risk factors. (Daniel
and Mendelsohn 2002) (Table 2).

Use of HRT is recommended for the manage-
ment of perimenopausal vasomotor symptoms
and for the prevention of osteoporosis. The car-
diovascular effects of HRT, including the effects
of both estrogen and progestin, should be
taken into consideration when prescribing HRT
for healthy postmenopausal women (Daniel and
Mendelsohn 2002).

Improvements in menopausal symptoms
assessed in health-related quality of life with oral
HRT compared with placebo are suggestive that
short-term therapy could be considered for use by
women seeking relief from menopausal symp-
toms. Short-term HRT treatment should be at the
lowest effective dosage with special consideration
of transdermal administration (The Cochrane Col-
laboration 2013).

There is an additional need for research on the
efficacy and safety of alternative methods for the
relief of menopausal symptoms for women who
may wish to avoid its use.
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