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Introduction

The cardiovascular system is involved in
all phases of female sexual maturation and
fertility and undergoes critical functional
changes at the time of the menarche, during
the various phases of the ovarian cycle and
during pregnancy, when the hemodynamic
burden is markedly increased1. Significant
changes in plasma estradiol-17� and prog-
esterone concentrations are responsible for
all these cardiovascular rearrangements. 

Ovarian hormone production plays a key
role in delaying the development of athero-
sclerosis during reproductive years2; subse-
quently, a series of metabolic and hemody-
namic changes induced by the menopause
nullifies the sexual hormone-cardioprotec-
tive effects and accelerates the onset of coro-
nary artery disease (CAD), arterial hyperten-
sion, and peripheral vasomotor instability3.
Besides this, menopause per se causes detri-
mental changes in other cardiovascular risk
factors, such as diabetes, obesity and smok-
ing; the latter, the incidence of which is in-
creasing among women, is extremely harm-
ful, since it may anticipate the menopause. 

The Framingham study reported a 12-fold
increase in acute CAD events in the transition

from 35-44 years – when most women are
still fertile – to 55-64 years – with the major-
ity of subjects in menopause4. Early meno-
pause triplicates the risk of CAD, and bilater-
al ovariectomy increases it by a factor of 73.
Therefore, it might be inferred that unfavor-
able modifications of the cardiovascular sys-
tem subsequent to the menopause go hand in
hand with the loss of the capacity to procreate.

For many years, most clinical studies fo-
cusing on the prevention, diagnosis and
treatment of CAD and arterial hypertension,
were conducted almost exclusively in men,
neglecting the investigation of gender differ-
ences in the epidemiology and pathophysi-
ology of cardiovascular diseases. This ap-
proach has been justified both by the appar-
ent greater mortality for CAD in men com-
pared to women, and by the general percep-
tion that CAD is mostly a male affliction. 

The rapid increase in cardiovascular risk
in the no longer fertile individuals, together
with the fact that life expectancy in women
has now reached the eighth decade, suggest
a future increase in the importance of CAD
among females. Hence, the role of cardiolo-
gists consisting of both the organization of
an effective prevention program as well as
the prescription of appropriate treatments.
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Following the menopause, women develop coronary artery disease at the same rate as men. The
best documented change observed in the risk factors linked to ovarian exhaustion is an alteration in
lipid composition. More recent studies, however, suggest that the increased cardiovascular morbidi-
ty and mortality after menopause cannot be fully explained by changes in plasma lipoproteins, and
support the concept that ovarian hormone deprivation has a widespread impact on the cardiovascu-
lar system, with a direct harmful effect on vessel-wall physiology.

After the menopause, subjects free from cardiovascular diseases show vascular hyperactivity and
a poor vasodilator reserve; the rate of increase in the incidence of arterial hypertension in women is
higher than that observed among males of the same age; altogether, cardiovascular diseases become
the number one cause of death among women.

A large number of mechanistic studies have shown that estrogens, through either direct or ge-
nomic-dependent activities, produce beneficial effects on the factors controlling blood flow and
plaque formation. Nevertheless, results from recent randomized clinical trials are challenging the be-
lief that postmenopausal hormone therapy protects against coronary artery disease.

(Ital Heart J 2001; 2 (10): 719-727)



Metabolic changes induced by menopause

Lipid profile. Ovarian estrogens influence plasma lipid
levels in women, conferring a less atherogenic profile
that remains stable for the entire duration of the fertile
period5. Such a peculiar property of reproductive hor-
mones is thought to confer a benefit during pregnancy
or lactation, with a greater delivery of fatty acids to the
adipose tissue and the developing fetus. Genetic dys-
lipoproteinemia also occurs in women, although the ef-
fect on CAD rates may be mitigated by the generally
higher levels of high-density lipoprotein (HDL) choles-
terol normally occurring in women. 

After the menopause, serum concentrations of total
cholesterol, low-density lipoprotein (LDL) cholesterol
and lipoprotein rise sharply within 6 months of the ces-
sation of menses, whereas HDL cholesterol, especially
the HDL2 cholesterol subfraction, decline gradually
over a period of 2 years6. This decline in HDL choles-
terol is accompanied by a rise in apo A-I levels, imply-
ing a change in HDL composition7. The menopause re-
duces the synthesis and secretion of very low-density
lipoproteins (VLDL), but also increases the catabolism
of VLDL to LDL cholesterol, by lowering their uptake
by the liver8. Another negative effect of ovarian failure
is the induction of hepatic lipase, which degrades HDL
cholesterol9,10 and decreases the rate of LDL choles-
terol removal from plasma11. A loss of estrogen-stimu-
lated removal of cholesterol from the circulation, re-
sulting in a decreased reverse cholesterol transport, is
also observed. The result is a more atherogenic lipid
profile, which may partly explain the increased risk of
cardiovascular disease observed in postmenopausal
women. The atherogenic property of LDL cholesterol
is considerably enhanced by oxidation. Menopause is
associated with an increase in the levels of oxidized
LDL12, and thereby worsens the vasomotor and an-
tithrombotic function of the arterial wall and facilitates
atherosclerosis. 

As for the majority of risk factors, changes in the
lipid profile are gender-specific, and characterized by a
different relative importance in the two genders5. LDL
cholesterol appears to be a less important risk factor in
women, perhaps because estrogens protect the arterial
wall against LDL cholesterol deposition. Conversely,
HDL cholesterol and high lipoprotein(a) levels seem to
be better predictors of risk in women than in men.
Triglycerides are independent predictors of CAD in
postmenopausal women13. 

Glucose metabolism. Modifications in glucose metab-
olism, such as hyperinsulinemia and insulin resistance,
are frequently associated with CAD and arterial hyper-
tension. Premenopausal women have a lesser degree of
insulin resistance compared to men of the same age,
and this appears to protect against CAD14,15. Age-relat-
ed changes in glucose tolerance, due to a modified in-
sulin sensitivity rather than to a lesser pancreatic glu-

cose response, occur in both sexes. In women, insulin
resistance and circulating insulin levels increase after
the menopause, and impaired glucose tolerance pre-
dicts an increased risk of CAD16,17. These phenomena,
which are associated with an increase in central body
fat, are related to the exhaustion of ovarian function, in
particular to a decline in estrogen secretion16,17, and,
over a relatively short period of time, lead to a loss of
the female metabolic advantage. The menopause is in-
deed characterized by an increased incidence of dia-
betes, and this implies a relevantly higher cardiovascu-
lar risk in females than in middle-aged males. The
Framingham study revealed that diabetes doubles the
risk of myocardial infarction in females, but not in
males18. Approximately half of all deaths in women
with non-insulin-dependent diabetes are attributable to
cardiovascular disease.

Hemostatic variables. The unfavorable effects of
menopause on coronary risk seem to be partly mediat-
ed by changes in clotting factors and the fibrinolytic
system. In the Framingham Offspring Study, pre-
menopausal women were found to have lower plasma
levels of plasminogen activator inhibitor (PAI)-1 and
higher levels of tissue-type plasminogen activator com-
pared with men of similar age or postmenopausal
women19. In another study, where hemostatic variables
were measured in 293 consecutive healthy middle-aged
women, the mean levels of plasma fibrinogen, factor
VII coagulant activity and PAI-1 were significantly
higher in postmenopausal women not taking hormone
replacement therapy (HRT) than in premenopausal
women within the same decade of life20. These changes
were also observed following the reduction in LDL
cholesterol and may, at least in part, be secondary to the
altered concentration of plasma lipoproteins induced
by estrogen deprivation. Similarly, serum levels of he-
mostatic factors were also modified in women with an
altered metabolic profile. In patients with polycystic
ovary syndrome, a strong positive correlation between
the serum concentrations of triglycerides and basal in-
sulin, and abdominal obesity on the one hand, and those
of PAI-1, fibrinogen, and von Willebrand factor on the
other21 were observed. 

Effects of menopause on the arterial wall and
the pathophysiology of atherosclerosis

Ovarian hormones are vasoactive substances which
influence the vasomotor tone through the well-known
effects produced in each of the three layers of the arte-
rial wall. Considerable evidence suggests that nitric ox-
ide (NO) activity is insufficient in conditions such as
hypercholesterolemia, hypertension, aging and ciga-
rette smoking22-26, all of which predispose to athero-
sclerosis. Furthermore, a sex-related difference has
been observed. Despite a similar elevation in LDL cho-
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lesterol, hypercholesterolemic men have a more
marked impairment in acetylcholine-induced flow
compared to premenopausal women27. Furthermore,
the shear stress-dependent vasodilatory reserve in the
forearm declines 10 years later in women than in men28.
Several studies performed in vitro and ex vivo have
shown that, similar to aging, the menopause determines
a degeneration of the cardiovascular apparatus. The re-
duced levels of NO observed following the cessation of
ovarian function might account not only for the reduc-
tion in endothelium-dependent vasodilation, but also
for several other atherogenic effects of the menopause,
such as increased platelet aggregation, the adhesion of
inflammatory cells to the arterial wall, and the release
of factors stimulating smooth muscle cell (SMC)
growth and migration29,30. A further consequence of the
menopause on the vessel wall physiology may be a de-
crease in local prostacyclin production, favoring vaso-
constriction and platelet aggregation. Finally, estrogen
deprivation may cause vasoconstriction, through an en-
dothelium-independent mechanism, by decreasing the
calcium influx into SMC31. This is of particular impor-
tance in estrogen-deficient women with endothelial
dysfunction, since it facilitates the occurrence of va-
sospasm and platelet aggregation, which may in turn
lead to ischemia. The above observations suggest that
ovarian failure plays a fundamental role both in the in-
flammatory and the degenerative components of
atheroma formation; at the same time, they also explain
why fertile women are more protected from cardiovas-
cular disease when compared to men of the same age.

In addition to the unfavorable effects on the lipid
profile, the menopause may induce atherosclerosis by
increasing, at the level of the vessel wall, the synthesis
of oxidized LDL by free oxygen radicals32. Oxidized
LDL are able to maintain and accelerate the progres-
sion of atherosclerosis through several mechanisms, in-
cluding an antagonism of NO production or bioavail-
ability, an increase in foam cells, direct cytotoxic ef-
fects on endothelial cells and an increase in monocyte
uptake. 

Menopause and the modulation of the autonomic
nervous system

Stress reactivity and neuroendocrine responses.
Acute and chronic estrogen deficiency is associated
with an abnormal vasoreactivity and rapid changes in
serum catecholamine levels during cardiovascular
events33. In response to standardized mental and physi-
cal stress, postmenopausal subjects present with a
greater increase over baseline in systolic and diastolic
blood pressure34, heart rate and circulating epineph-
rine35 when compared either with premenopausal
women or men. Ovariectomy has been used to verify
the hemodynamic and neuroendocrine consequences of
acute ovarian hormone withdrawal. Women who had

undergone bilateral ovariectomy showed higher levels
of atherogenic lipids, stress-induced systolic and dias-
tolic blood pressure and catecholamines than controls
undergoing hysterectomy alone36. 

An increased frequency of marked cardiovascular
responses to psychological stress is believed to enhance
the cardiovascular risk. Consistent with this, the with-
drawal of reproductive hormones, through an interac-
tion with the pattern of reactivity to stress in middle-
aged women, might contribute to the cardiovascular
morbidity and mortality following the menopause.

Control of the cardiac sympathovagal balance. It has
been shown that ovarian ablation renders the arteries of
female rats more responsive to adrenergic nerve stimu-
lation37, and that vagal activity is more attenuated in
ovariectomized rats compared to sham-operated con-
trols38. A study on heart rate variability performed in a
group of fertile women before and after bilateral
ovariectomy39 showed that a significant imbalance of
cardiac sympathovagal control was produced by acute
hormone withdrawal. Surgical menopause was indeed
characterized by a decline in cardiac vagal modulation,
as revealed by a significant reduction in the parasym-
pathetically mediated indices of heart rate variability,
with a shift of the autonomic cardiovascular control to-
wards sympathetic hyperactivity. The lack of any mod-
ifications in the autonomic balance of a control group
of age-matched hysterectomized patients excluded that
the sympathovagal alterations observed in ovariec-
tomized women could be a consequence of the surgical
intervention per se or of its psychological implications. 

Hemodynamic changes associated with ovarian
hormone failure

The finding that estradiol-17� increases uterine
blood flow and reduces uterine and systemic vascular
resistance in ovariectomized ewes provided the first ev-
idence of the vasoactive properties of ovarian hor-
mones40. Since then, the majority of studies have
demonstrated that the ovarian hormone balance is ac-
tively involved in the control of the arterial tone and sta-
bility, as well as of blood flow velocity and of the va-
sodilatory reserve31,41-44. Indeed, the significant vari-
ability exhibited by skin blood flow and forearm mus-
cle resistance during the menstrual cycle may be attrib-
uted to changes in plasma estradiol-17� concentrations
and to the estrogen/progesterone ratio45. 

Studies of the vasomotor responses in the forearm
during hot flushes supported the concept of a dysau-
tonomia induced in women by estradiol deficiency46.
The effect of the hypoestrogenic status on cardiac func-
tion was evaluated by Doppler echocardiography per-
formed in healthy young women treated with a go-
nadotropin-releasing hormone agonist for symptomatic
fibroids, endometriosis, or in vitro fertilization47. The
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authors found a significant decrease in the peak flow
velocity, flow acceleration and calculated cardiac in-
dex, showing that estrogen deprivation has a direct ef-
fect on cardiovascular performance. An abrupt estradi-
ol withdrawal induces vasoconstriction in post-
menopausal women on estrogen replacement therapy
(ERT)48, reflecting a decrease in NO production.
Healthy postmenopausal women without evidence of
cardiovascular disease revealed an impaired vascular
function when compared to premenopausal women of
the same age49. The dynamic abnormality of the pe-
ripheral vasculature consisted of a poor vasodilatory re-
serve, and was testified by a reduction in the peak flow
response to ischemic stress.

The vasomotor tone is of pivotal importance in sev-
eral clinical conditions, such as variant and mixed angi-
na, Raynaud’s phenomenon, migraine and acute events
in patients with CAD. With the menopause, estrogen
deprivation is likely to increase vascular reactivity,
thereby increasing the occurrence of clinical cardiovas-
cular events.

Impact of the menopause on the coronary arteries

It is well established that estrogen deprivation in-
creases the risk of CAD50 and that administration of es-
trogen to estrogen-deficient individuals restores the en-
dothelium-dependent vasodilation of coronary arter-
ies51,52. Gilligan et al.53 studied the coronary artery re-
sponse to acetylcholine in postmenopausal women, in-
cluding subjects with angiographic evidence of signifi-
cant CAD. In this study, physiological levels of estradi-
ol-17� acutely and selectively improved the endotheli-
um-dependent vasodilation. The increment was higher
in subjects with a more compromised coronary vaso-
motor responsiveness. The epicardial effect observed
was minimal, suggesting a greater efficacy of estrogens
at the microvascular level. On the contrary, pharmaco-
logical concentrations of the hormones elicit a dilation
of the epicardial coronary arteries and an increase in
epicardial flow54. In this case, the hormones may exert
a direct NO-independent effect on arterial SMC31,55.
Chronic administration of estrogens converted a con-
strictive response to intracoronary acetylcholine into a
dilatory one56. Since NO-mediated effects on the coro-
nary arteries in men have been impossible to obtain, the
immediate vascular effect of estrogen is likely to be re-
ceptor-mediated57.

Estrogen deficiency has been associated with typi-
cal syndrome X (exertional angina pectoris, positive
exercise test, and normal coronary arteriogram)58,59. In
these studies, most patients referred chest pain begin-
ning either during the perimenopausal period or after
the menopause. The 40% incidence of hysterectomy
found in these patient populations was 4 times greater
than that of age-matched controls; all patients present-
ed with daily hot flushes associated with severe vaso-

motor instability58,59. One study reported a diminished
baseline hyperemic response which was improved by
estradiol-17� therapy in women suffering from syn-
drome X58. 

The acute oral administration of estrogens increased
effort tolerance and improved ischemic manifestations
in women with CAD60. Estrogen treatment did not alter
the double product (heart rate � systolic blood pres-
sure) at peak exercise, thus implying that the beneficial
effects were due to systemic vasodilation. To date, it is
unknown whether long-term ERT increases the physi-
cal performance of postmenopausal women.

Influence of the menopause on blood pressure

A rise in arterial blood pressure should also be con-
sidered among the other risk factors linked to the
menopause61. From age 55 onwards, the systolic and
diastolic blood pressures observed in women are high-
er than those of males of similar age62. It is still un-
clear whether ovarian dysfunction contributes to this
rapid increase. Furthermore, the effect of menopause
on blood pressure is difficult to evaluate because the
menopause, similar to blood pressure, is influenced by
the body mass index, socio-economic conditions and
smoking. However, the finding that surgically-induced
menopause, irrespective of the subjects’ age, is associ-
ated with an accelerated increase in blood pressure63

appears to imply a direct involvement of estrogen de-
ficiency. In a classic study, this accelerated rise was
explored in a random sample of 278 pre- and 184 post-
menopausal women64. Menopause had been surgically
induced in 64 subjects. Postmenopausal women had
higher systolic, diastolic and pulse pressures. Hyper-
tension, defined as the necessity of antihypertensive
medication or a blood pressure ≥ 140/90 mmHg, was
more frequently observed after menopause (40 vs
10%). After adjustment of blood pressure for signifi-
cant covariates such as body mass index, pulse rate
and the intake of contraceptives, the slope of the sys-
tolic blood pressure on age was 0.5 mmHg/year (p
< 0.05) steeper in women with natural and surgical
menopause than in premenopausal women. The rela-
tionship between the diastolic blood pressure and age
showed a similar slope among pre- and post-
menopausal subjects; considering women with natural
and surgical menopause together, the regression line
was significantly shifted upward by an average of 2.3
mmHg64. 

In an echocardiographic study, premenopausal
women had a thinner posterior wall, lower left ventric-
ular systolic and diastolic diameters, and a smaller left
ventricular mass than men matched for age and levels
of arterial pressure. Indices of left ventricular perfor-
mance such as the ejection fraction, the velocity of cir-
cumferential fiber shortening and the ratio of the end-
systolic wall stress to the end-systolic volume index (a
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load-insensitive contractility index) were higher in
women than in men. These gender differences tended to
disappear after the menopause65. The authors conclud-
ed that differences in cardiac adaptations depend, at
least in part, on reproductive hormones and that they
may account for the lower risk of cardiovascular mor-
bidity and mortality in premenopausal women with es-
sential hypertension compared with men and post-
menopausal women.

The rate in the increase in the incidence of arterial
hypertension in postmenopausal women is higher than
that observed in men in the sixth and the seventh
decades of life22,23. Hypertension represents the single
most important risk factor66-69 in elderly women; ac-
cordingly, hypertensive females are 4 times more like-
ly to develop cardiovascular disease than age-matched
normotensive subjects27. An increased vascular reactiv-
ity induced by ovarian failure is likely to play a key role
in the onset of hypertension70. 

Postmenopausal estrogen/hormone replacement
therapy and coronary artery disease

Observational studies. Some observational studies ex-
amined the impact of HRT in women with preexisting
CAD, and reported a beneficial effect. In the Leisure
World study71, estrogen users with previous myocardial
infarctions, strokes, or hypertension had a 50% reduc-
tion in the risk of death from a subsequent ischemic
event. In the Lipids Research Clinics study72, the car-
diovascular mortality in women with previous CAD
was reduced by 85%. Amongst women with severe
CAD, documented by arteriography, estrogen users had
a 97% survival rate at 5 years compared to the signifi-
cantly different 81% rate in non-users. There was no
difference in women with mild to moderate disease at 5
years, but at 10 years estrogen users had a 96% survival
rate, compared to 85% in non-users. ERT has been re-
ported to reduce the rate of restenosis in women who
had undergone either coronary angioplasty or percuta-
neous atherectomy73. The 10-year survival rate in es-
trogen users submitted to coronary artery bypass
surgery was 81%, compared to 65% in non-users74.
Case-control analysis indicated that women who have
been treated with ERT after coronary angioplasty had a
better survival rate and experienced fewer subsequent
myocardial infarctions75. 

Very few epidemiological studies were conducted
using HRT rather than unopposed ERT. In a Swedish
cohort, as well as in women included in the 20-year fol-
low up of the Nurses’ Health Study cohort76,77, HRT re-
duced the risk of myocardial infarction among users by
50 to 61%, as compared to the general population. On
the other hand, the effect of ERT was limited to a 26 to
40% reduction. These findings seem to suggest that the
adjunct of progestins may enhance, rather than reduce,
the cardioprotective effect of ERT. 

Epidemiological studies have, however, inherent
methodological biases that may affect their results. It
has been suggested that hormone users differ from non-
users in that they are more compliant to therapy, enjoy
a higher level of education and lead a healthier lifestyle
than non-users. On the other hand, an earlier detection
of risk factors is more probable among estrogen users
due to more frequent clinical work-ups. 

Although the beneficial effect of HRT remains sig-
nificant after adjustment for age, type of menopause
and major risk factors of CAD, the potential biases can-
not be completely eliminated from observational stud-
ies. In addition, the fact that these results were mostly
obtained in the United States precludes the possibility
of their application to other populations with different
lifestyles and incidences of CAD.

Recent randomized clinical trials. In spite of these
encouraging premises, recent data from clinical ran-
domized trials are in disagreement with reports that
HRT could be protective against CAD. 

The Heart and Estrogen/Progestin Replacement Study
(HERS). The objective of this randomized, double-
blind, placebo-controlled study78 was to determine
whether daily treatment with 0.625 mg of conjugated
equine estrogens (CEE) and 2.5 mg of medroxyproges-
terone acetate (MPA) would reduce the incidence of
CAD events in 2763 elderly postmenopausal women
(mean age 66.7 years) with documented disease and
followed for a mean period of 4.1 years. No significant
variation was observed between patients randomized to
placebo or HRT in the overall rates of cardiovascular
events. However, differences were recorded over time
with an increase of events in the first year (mostly in the
first 4 months) and the appearance of a beneficial im-
pact after 2 years of treatment. Although the annual rel-
ative risks did not achieve statistical significance, the
test for the trend was significant. The authors attributed
the growing beneficial impact noted with increasing
duration of treatment to a favorable effect on lipids
(11% decrease in LDL cholesterol and 10% increase in
HDL cholesterol after 1 year). 

These findings have led to the recommendation that
older women with significant CAD should avoid initi-
ating postmenopausal HRT, but that treatment could be
prolonged in patients already using HRT. 

HERS is the only large secondary prevention trial
including postmenopausal patients; nevertheless, its re-
sults should not be extrapolated to postmenopausal
women submitted to primary prevention or to other
HRT regimens. 

The Estrogen Replacement and Atherosclerosis study
(ERA). Herrington et al.79 reported the results of this
multicenter, placebo-controlled trial examining the ef-
fect of postmenopausal ERT/HRT on the progression of
coronary atherosclerosis as assessed by angiography.
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Over 3.5 years of treatment, angiography did not detect
any difference in disease progression in a relatively old-
er group of 309 women (mean age 65.8 years) with
documented CAD on entry and receiving either unop-
posed ERT (0.625 mg of CEE per day) or HRT (a dai-
ly combination of 0.625 mg of CEE and 2.5 mg of
MPA). There was no reported increase in the incidence
of cardiac events in either of the treated groups.

The major concerns are that a) a 3-year follow-up of
a relatively small number of patients is likely to be too
short to demonstrate beneficial effects on clinical
events, and b) angiography, as a method of assessment,
is probably too limited to detect important effects that
do not translate into anatomical changes.

The Women’s Health Initiative (WHI). This large Amer-
ican randomized clinical trial examining the effects of
HRT has informed the women enrolled in the study that
a “small increase” (< 1%) in heart attacks, strokes, and
venous thrombosis has been observed in the first 2
years of study comparing HRT with placebo. This in-
crease is reported to be present in all treatment arms, in-
cluding the group treated with estrogen alone. Similar
to the HERS trial, the WHI is reporting evidence of pro-
tection in the last months of the first 2 years of the
study. This information was made available by the Da-
ta and Safety Monitoring Board which has recom-
mended that the study should continue; it is scheduled
for completion in the year 2005.

How to interpret the results of the recent trials?

Although results from randomized studies are in con-
trast with both biologic investigations and clinical obser-
vational trials, which had shown favorable actions of es-
trogen on the cardiovascular system, analysis of the
HERS and WHI data are likely to answer several impor-
tant questions. The first concern that arises from the
HERS trial and from results of the WHI is that HRT pro-
duces an early prothrombotic effect, possibly in a sus-
ceptible group of women, followed by a beneficial im-
pact which emerges during the later phases of treatment.

Previous studies on hemostatic variables have shown
that appropriate postmenopausal hormonal supplemen-
tation – with or without progestins – prevents the usual
increase in clotting factors associated with the
menopause19,20,80-82. Moreover, in a randomized 1-year
trial, the addition of MPA, either sequentially or contin-
uously, produced a more favorable change in coagula-
tion factors compared to unopposed estrogen83. Never-
theless, all these studies have included healthy women
free from cardiovascular risk factors and cannot, as a
consequence, give an adequate idea of the hemostatic
effects of hormonal supplementation in the presence of
both preexisting metabolic abnormalities or manifest
CAD. As a matter of fact, even in the late ’80s, a signif-
icant decrease in antithrombin III activity and antigen

was observed in a comparative metabolic study of per-
cutaneous versus oral ERT84. This observation led the
authors to conclude that ERT may alter certain hemo-
static parameters in a population characterized by an in-
crease in cardiovascular risk factors and morbidity and
that, consequently, ERT should be used only in careful-
ly selected patients. An increase in fibrinopeptide A, an
indicator of thrombin generation, was observed during a
3-month ERT study using 0.625 mg of CEE85. 

As previously described in detail, results from re-
cent clinical trials of HRT have shown an increased oc-
currence of adverse events in the first year of treatment
and a subsequent attenuation of the ischemic risk. 

In the light of these results suggesting an unfavor-
able immediate impact of hormonal supplementation
on clotting factors, we wonder whether there is a vul-
nerable group of women with CAD in whom exposure
to HRT increases the risk of thrombogenic events in the
first months of treatment. If such a population exists, it
would be rather important to determine what the char-
acteristics of these women are. With regard to this, the
age distribution of the occurrence of clinical events
should also be evaluated. It is important to be aware
that many of the subjects involved in the HERS and
WHI trials were relatively older women who had begun
treatment several years after the menopause: older age
might modify a woman’s thrombotic sensitivity to es-
trogens, perhaps because of the presence of unstable
atherosclerotic plaques.

Another important issue that makes the results of the
HERS and WHI trials difficult to interpret is that they
were obtained after the efficacy of statins had already
been established. Treatment with statins reduces the risk
of coronary events by approximately 30% in both men
and women and exerts both primary and secondary pre-
vention effects86,87. The increasing use of statins, espe-
cially in older women who are not hormone users, makes
it difficult to have a true placebo group in studies of
CAD. A further question emerging from this suggestion
is whether women with CAD would benefit from HRT if
treatment was to be started after a period of statin use.

The effects of the various estrogens differ not only
according to their chemical structure, but also in rela-
tion to the route of administration. For the time being,
there are no epidemiological data estimating the car-
diovascular risks with routes of administration other
than oral. We cannot extrapolate data for transdermal
estrogens from the experience gained with CEE; there-
fore, it seems to us that it would be necessary to know
whether the transdermal hormonal delivery – more
widely used in Europe than elsewhere – is able to elic-
it appreciable effects on the cardiovascular system.

Conclusions

The origin of gender disparity in cardiovascular dis-
ease is an epidemiological aspect of particular interest.
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Until recently, the higher male cardiovascular mortali-
ty was ascribed to a deleterious behavior, including
smoking and incorrect eating habits, rather than to
physiological gender differences. 

More recently, it has become clear that these social-
ly determined unhealthy behaviors do not provide a
sufficient explanation for the higher risk of CAD in
men and that there is a distinct possibility that the fe-
male advantage may also be linked at least in part to
sexual hormone function. The menopause, indeed, ap-
pears to favor the development of cardiovascular dis-
ease in women. Negative effects of ovarian failure in-
clude unfavorable changes in metabolic parameters and
the circulatory control. The National Cholesterol Edu-
cation Program now recognizes menopause as a risk
factor for CAD that is independent of age and that “has
a weight similar to that of male sex”88. Furthermore, the
menopause appears to accelerate the onset and to add to
the impact of other cardiovascular risk factors: com-
pared to men, women show a greater incidence of dia-
betes mellitus, congestive heart failure and hyperten-
sion as they become older. Finally, the hormonal sub-
strate in postmenopausal women contributes to the de-
velopment of specific patterns of CAD and to the re-
sponse to medical therapy, coronary artery bypass
surgery and angioplasty.

Findings reported to date raise the awareness of a
variety of clinical conditions caused by the abnormal
control of blood flow, including arterial hypertension,
vasomotor instability, migraine, vaginal dryness and,
perhaps, different kinds of angina in which estrogen
treatment might be indicated owing to its beneficial ef-
fects on the circulation. 

Despite these favorable premises, results from re-
cent randomized trials seem to exclude a preventive ef-
fect of postmenopausal hormonal therapy in elderly pa-
tients with significant CAD. The reason for this dis-
crepancy between theory and objective findings re-
mains to be clarified.
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