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Abstract

Objecti�es: a large body of evidence has been accumulated suggesting that impairment of vascular endothelial
function is an initial step in the development of atherosclerosis. Recent studies have shown that estrogen replacement
therapy in postmenopausal women (PMW) improves endothelium-dependent, flow-mediated dilatation (FMD) while
the cyclical adjunct of a progestin may reverse this effect. Methods: the purpose of this study was to evaluate
endothelium-dependent, FMD in the brachial artery and the plasma levels of Endothelin-1 in menopausal females
treated with estradiol valerate with and without cyclical cyproterone acetate in 20 PMW (mean age 64�6 years) with
more than one risk factor for coronary artery disease. After a baseline evaluation, PMW entered a double-blinded,
placebo controlled single cross-over study and were randomized to receive either estradiol valerate (2 mg) for 21 days
or estradiol valerate (2 mg) for 11 days and estradiol valerate (2 mg) and cyproterone acetate (1 mg) for 10 days.
Patients were crossed-over the complementary treatment 7 days after completing the first treatment phase. The study
of forearm blood flow was repeated at the end of each treatment period. Results: estradiol valerate significantly
increased FMD as compared with baseline (12�3 vs. 7�4%, P�0.01) the adjunct of cyproterone acetate did not
affect the effect of estradiol valerate upon FMD (12�3 vs. 11�4%, P=NS). Similarly reactive hyperemic flow
increased after estradiol valerate alone (24%) or in association with cyproterone acetate (24%) compared with
baseline. Plasma levels of Endothelin-1 were significantly reduced by estradiol valerate alone or in association with
cyproterone acetate. Conclusions: in conclusion hormone replacement therapy with estradiol valerate and cyproterone
acetate improves endothelial function and reduces plasma levels of Endothelin-1 in PMW at risk of coronary artery
disease. These effects may be relevant for cardioprotection. © 2001 Elsevier Science Ireland Ltd. All rights reserved.
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1. Introduction

A large body of evidence suggests that the
impairment of vascular endothelial function is an
initial step in the development of atherosclerosis.
Ovarian hormones have anti-atherogenic proper-
ties influencing all the steps involved in the forma-
tion of the atherosclerotic plaque: accumulation
of cholesterol in the arterial wall, arterial smooth
muscle cell proliferation, platelet aggregation, col-
lagen and elastin production-and act as vasoactive
substances [1–6]. In fact, these hormones may
modulate the blood flow in many arterial districts,
such as the vagina, vulva, uterine and carotid
vessels, as well as the coronary arteries, both
through endothelium-dependent mechanisms and
endothelium-independent mechanisms [1,2]. Ani-
mal studies have shown that estrogens reverse the
acetylcholine-induced vasoconstriction of coro-
nary arteries in ovariectomized monkeys suggest-
ing that estrogens modulate vasomotor responses
of atherosclerotic arteries through an endothe-
lium-dependent mechanism. Similar effects have
been reported in human females but not in men
[6]. The cessation of ovarian function is associated
with an impairment of endothelial function, which
is restored, at least in part, by hormone replace-
ment therapy [7–9]. An important component of
endothelial dysfunction is the impairment of the
release of endothelial-derived relaxing factor.
Flow mediated vasodilatation induced by reactive
hyperemia has been shown to be endothelium-de-
pendent and can be assessed by high-resolution
ultrasound in superficial arteries. Vascular func-
tion is also influenced by production of vasoactive
peptides such as Endothelin-1. Improvement of
endothelial function as been reported after estro-
gen administration in vascular districts different
from the coronary arteries and recent studies have
shown that estrogen replacement therapy in post-
menopausal women (PMW) improves endothe-
lium-dependent, flow-mediated dilatation (FMD)
in the forearm [7]. Other studies have shown that
endothelium-dependent vasodilatation varies dur-
ing the menstrual cycle and that 17�-estradiol is
involved in this variation [8].

Unopposed estrogen replacement therapy has
cardioprotective effects but may increase the

likelihood of uterine malignancies if not associ-
ated with progestin administration. Progestins,
however, may reverse the beneficial effect of estro-
gen replacement therapy upon cardiovascular
functions [10,11]. Thus, an improved therapy for
menopausal disease should have the positive effect
of estrogen on the cardiovascular system and the
antagonistic effect of progestins upon the uterus
but not on the vascular bed. Our group has
shown that different progestins and different
schemes of progestin administration have differ-
ent effect upon the vascular response of brachial
artery [12]. The association of estradiol valerate
and cyclical cyproterone acetate has been sug-
gested for hormonal replacement of menopausal
women. To date no data exist on the systemic
vascular effect of this association.

The purpose of this study was to evaluate en-
dothelium-dependent, flow-mediated vasodilata-
tion in the brachial artery and plasma levels
Endothelin-1 in menopausal females treated with
estradiol valerate and receiving cyclical
cyproterone acetate.

2. Methods

2.1. Patient population

The study population included 30 post-
menopausal women (aging �45 and �70 years).
All patients have written informed consent. After
a screening visit to evaluate the fulfilling of inclu-
sion criteria, 20 PMW have been included in the
study. Inclusion criteria were age between 45 and
70 years, presence of more than two risk factors
for coronary artery disease causing a 10 year
cardiovascular risk of 40%, intact uterus. No sub-
ject had taken any cholesterol-lowering agent,
estrogen therapy, or antioxidant vitamin supple-
ments during the preceding 2 months. Aspirin and
non-steroidal anti-inflammatory agents were
stopped beginning 10 days prior to study.

Menopausal status was assessed by absence of
menses by �6 months and by plasma levels of
17�-estradiol�100 pmol/l, coupled with baseline
FSH�25 mIU/ml.
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Patient with clinically significant findings on
physical exam or presence of known clinically
significant disease that would interfere with study
evaluation, those with current use of medications
(or products) that would have interfered with
forearm blood flow have been excluded from the
study as those receiving ovarian hormonal ther-
apy during the past 3 months preceding the study.
Patients with cardiac conditions such as unstable
angina and/or arrhythmia (Lown class �3), re-
cent acute MI (�3 months), primary valvular,
congenital heart disease, myocardial, pericardial
or endocardial disease, congestive heart failure
were also excluded. Women presenting with con-
tra indications to hormonal replacement therapy
presence of undiagnosed vaginal bleeding, known
or suspected breast or genital organs malignancy,
active thrombophlebitis or thromboembolic disor-
ders and those unable to comply with the protocol
or refusing the exam related to end-point were
excluded.

2.2. Study protocol

The study design was a double-blinded, placebo
controlled and with a single crossover. The treat-
ment period was 21 days for each arm of the
study. Patients have been studied four times, at
baseline and at the end of each treatment period
and before the second treatment period. After 1
week wash-out of all cardio-active drugs patients
underwent baseline study of forearm blood flow
and then randomized to receive either estradiol
valerate (2 mg) for 21 days or estradiol valerate (2
mg) (Progynova®, Schering AG) for 11 days and
estradiol valerate (2 mg) and cyproterone acetate
(1 mg) for 10 days (Climen®, Schering AG). Pa-
tients were crossed-over the complementary treat-
ment 7 days after completing the first treatment
phase.

During visit 1, each patient received a supply of
either estradiol valerate followed by estradiol
valerate+cyproterone acetate for the second se-
quence or estradiol valerate+cyproterone acetate
followed by estradiol valerate and were instructed
regarding the proper self-administration of drug

About 10 ml of blood were withdrawn at the

end of each test and were assayed for FSH and E2
and Endothelin-1.

2.3. E�aluation of brachial artery reacti�ity

Flow-mediated vasodilatation and nitroglycer-
ine-induced (endothelium-independent) vasodi-
latation of brachial artery were measured by an
experienced investigator unaware of the clinical
data. The same investigator performed the four
studies in each patient in order to avoid inter-ob-
server variability. Studies were conducted in quiet
and temperature controlled room (22–23 °C). Pa-
tients were asked to avoid caffeine-containing
drinks and to refrain from smoking for the 6 h
preceding the study.

Imaging studies of the left brachial artery were
performed using a Hewlett-Packard SONOS 2000
ultrasound machine equipped with a 7.5 MHz
linear-array transducer prior to and at the end of
each of the three treatment periods. Patients were
studied in the supine position after 15 min rest.
The right brachial artery was scanned over a
longitudinal section 3–5 cm above the right el-
bow, at the site where the clearest image was
obtained. The focus zone was set to the depth of
the anterior vessel wall. Depth and gain settings
were optimized to identify the lumen-vessel wall
interface. Blood pressure was monitored every 2
min from the left arm. The electrocardiogram was
recorded throughout the study by means of an
ECG monitor inbuilt in the ultrasound machine.

When an optimal image of the right brachial
artery was obtained the surface of the skin was
marked for the future measurements. The changes
in diameter of the right brachial artery were mea-
sured at rest, during reactive hyperemia, after 10
min recovery and after 5 min of sublingual nitro-
glycerine (spray). A pneumatic tourniquet was
placed around the forearm distal to the target
artery and have been inflated to a pressure of 250
mmHg for 5 min. Reactive hyperemia was in-
duced by sudden cuff deflation. A scan was per-
formed continuously for 30 s before and for 90 s
after cuff deflation. About 15 min later a third
scan was recorded to confirm vessel recovery. A
fourth scan was performed for the 2 min proceed-
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ing and the 180 s following sublingual nitroglycer-
ine (0.4 mg). The ultrasound images were
recorded on S-VHS videotape and printed on
paper.

The diameter of the brachial artery was mea-
sured from the anterior to the posterior interface,
the mean diameter was calculated from 4 cardiac
cycles synchronized with the R wave peak on the
electrocardiogram. All measurements were made
at end diastole. The diameter change was ex-
pressed as the percent change compared with
baseline. Pulse wave velocity profile of blood flow
was also recorded at 15 s intervals. Mean flow
velocity was calculated by measurement of the
area under the velocity profile curve. Blood flow
(ml/min) was calculated from vessel cross-sec-
tional area and brachial artery blood flow
velocity.

2.4. Statistical analysis

Data are presented as mean�1 S.D. or per-
centages when appropriate. After testing data for
normality, Student’s paired t-test or Wilcoxon
Signed Rank test was used to compare values
before and after each therapy and the relative
changes in values in response to each therapy. The
effects of the two hormone therapy regimens on
vascular function and plasma levels of Endothe-
lin-1 relative to respective pretreatment values
were analyzed by one way repeated measures
analysis of variance (ANOVA) or Friedman Re-
peated ANOVA on Ranks. A P�0.05 have been
considered statistical significant.

3. Results

Clinical characteristics of study patients are
shown in Table 1. About 20 patients met the
inclusion criteria and entered the study.

Baseline values of brachial artery diameter and
flow prior to each treatment period were com-
pared and no significant differences were noted
(Table 2). Baseline brachial artery diameter and
forearm blood flows were also similar at the 2
baseline point and during the two treatment peri-
ods (P=0.530 and P=0.694 by ANOVA, respec-

tively). Peak brachial artery diameters and
forearm blood flows during reactive hyperemia
and the percent increase in flow during reactive
hyperemia were significantly increased by both
treatments but no difference was noted between
treatments (Table 2). The brachial artery dilator
response to nitroglycerin was similar with both
therapies (P=0.362 by ANOVA), and was not
significantly changed from respective pretreatment
measurements (Table 2).

The plasma levels of Endothelin-1 were reduced
after administration either estradiol valerate alone
or in combination with cyproterone acetate com-
pared with baseline levels (1.22�0.5 ng/l, vs.
1.42�0.3 and 1.39�0.6 ng/l, P�0.01 for both
treatments vs. baseline). No significant difference
was found between treatment values.

4. Discussion

The present study confirms the beneficial effect
of estrogens upon endothelial function in PMW
and shows that the adjunct of cyproterone acetate
to estradiol valerate does not negatively affect the
beneficial effect of estrogen therapy. The improve-
ment of vascular function observed in the present
study is in part attributable to an increased pro-
duction of nitric oxide from endothelial cells and
in part related to the decrease of the vasoactive
peptide Endothelin-1.

The cessation of ovarian function in women
with menopause leads to a reduction of sex
steroid hormone levels with important metabolic
and pathophysiological implications affecting dif-

Table 1
Clinical features of study patients (n=20)

Mean age (years) 64�6
12�4Time since menopause (years)

Risk factors for coronary artery disease
Cholesterol�220 mg/dl 10
Diabetes 4
Hypertension 8

7Cigarette smoking
Family history 9
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Table 2
Effect of Estradiol valerate alone or in combination with cyproterone acetate on Endothelial function and plasma Endothelin-1
levels

Estradiol valerate plus Cyproterone acetateEstradiol valerate

After therapyBaseline After therapy Baseline

Brachial artery diameter (mm)
4.26�0.66 4.28�0.59Basal-1 4.27�0.534.27�0.62

4.77�0.63aHyperemia 4.55�0.64 4.76�0.62a 4.56�0.57
Basal-2 4.28�0.574.27�0.68 4.27�0.58 4.28�0.69

5.03�0.52Nitroglycerin 5.02�0.69 5.04�0.74 5.03�0.55

Brachial artery flow (ml/min)
126�68Basal-1 127�46121�85128�74

Hyperemia 580�192718�347b 726�263b614�243
480�272 594�312b 461�231 572�199bIncrease in flow (%)

Basal-2 116�51119�55 118�45121�51
161�63 147�83 157�62155�59Nitroglycerin

Endothelin-1 (ng/l)
1.21�0.4a1.42�0.3 1.22�0.5a1.39�0.6

N=20. Data are expressed as means�S.D.
a P�0.05 for comparison with the respective baseline values.
b P�0.01, for comparison with the respective baseline values.

ferent organs and system. Ovarian hormone defi-
ciency is of particular importance for the develop-
ment of cardiovascular diseases, because of the
unfavorable metabolic changes associated with es-
trogen deficiency and because of its effects on
impairment of endothelial function [13–18]. The
decrease in endothelial function was assessed in
the present study by brachial artery FMD. Al-
though the brachial artery is not a common site
for the development of atherosclerosis, several
studies have shown that brachial artery FMD is
impaired in patients with coronary artery disease
and in those at increased risk of cardiac events
and have also shown a close similarity between
brachial and coronary vasomotor responses [18].
Patients included in the present study had all an
overall risk of future cardiac events between 20
and 40% in 10 years and, therefore, had an im-
paired vascular reactivity because of their
menopausal status and because of the adjunctive
effect of cardiovascular risk factors [19–21].
Acute and chronic administration of estrogens to
PMW restores the endothelium-dependent vasodi-
latation, which is impaired after the menopause
[5,6,12]. Gilligan et al. showed that PMW with

cardiovascular risk factors have an impaired va-
sodilator response to acetylcholine and sodium
nitroprusside and that physiological doses of
estradiol potentiates the acetylcholine-induced in-
crease in coronary flow. Thus suggesting an im-
provement of endothelial function. The increase
in coronary blood flow after acetylcholine chal-
lenge was higher in subjects in whom endothe-
lium-dependent coronary vasomotor responsive-
ness was more compromised. Several studies have
shown that acute estrogen administration im-
proves endothelial function in the brachial artery
of postmenopausal estrogen depleted women
[7,22]. The effect of estrogen administration upon
coronary vasomotor tone is present also after
chronic administration of estrogen [5,6,12].

In PMW with intact uterus receiving estrogen
replacement therapy progestins are prescribed in
order to protect the endometrium from hyperplas-
tic and potentially carcinomatous effects of pro-
longed unopposed estrogen therapy. Since the
administration of some progestins may reverse the
beneficial effect of estrogen replacement therapy
upon vascular reactivity, a replacement therapy
for menopausal women with increased cardio-
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vascular risk should include those estrogen–
progestin associations able to sustain the positive
effect of estrogens on the cardiovascular system
during the progestin phase.

Progesterone receptors are present in the arterial
wall and there is evidence that the arterial effects
of progestins are mediated through progesterone
receptors as well as through down-regulation of
estradiol receptors [23]. Progestin therapy affects
arterial function, since it may stabilize arteries in a
state of vasomotor instability, but may also induce
vasoconstriction of estrogenized vessels [24]. There-
fore, a careful selection of the dose, type and
schedule of administration of progestin to add to
estrogens is crucial to preserve and possibly en-
hance the beneficial effects of estrogens. More
androgenic progestins and progestins given in cycli-
cal regimen have been shown to have unfavorable
vascular effect.

Our group has shown that cyclical administra-
tion of medroxyprogesterone acetate when given at
high doses and on a cyclical scheme abolishes the
beneficial effect of estrogens upon vascular func-
tions and exercise-induced myocardial ischemia
and that norethisterone acetate has a detrimental
effect upon the endothelium-dependent vasodilata-
tion of the forearm in PMW and increases the
brachial artery resistance [25,12]. The effect seen
with cyclical medroxyprogesterone is not seen with
continuous combined administration of the
progestin thereby suggesting that the effect may be
related to the dose and scheme of administration
of medroxyprogesterone.

In the present study we have shown cyproterone
acetate given in association to estradiol valerate
does not reverse the beneficial effect of estrogen
replacement therapy. The scheme of administration
of cyproterone acetate tested in the present study
was the continuous combined, theoretically the
more detrimental to vascular function. The fact
that in a cyclical scheme of administration,
cyproterone acetate sustains the beneficial effect of
estradiol valerate upon endothelial function and
Endothelin-1 plasma levels suggests that this
progestin may be safely used for the hormonal
replacement therapy of menopausal women, at risk
of coronary artery disease and in those with in-
creased vascular reactivity.

5. Conclusion

The present study shows that both estradiol
valerate and estradiol valerate plus cyproterone
acetate improves by a similar degree endothelial
function in the forearm of PMW at increased
cardiovascular risk. These findings suggest that this
association could be safely administered in women
with increased cardiovascular risk of with increased
vascular reactivity.
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