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Abstract

Ojectives: The incidence of cardiovascular disease (CVD) increases dramatically with the loss of ovarian function.

Observational studies indicate that the risk of CVD may be reduced by up to 50% in postmenopausal women who take

estrogen replacement therapy. Estrogen therapy reduces internal carotid artery pulsatility index (PI). The improvement

in carotid PI following HRT has been proposed as a marker of the cardioprotective effect of estrogen therapy. Cyclical

progesterone addition to ERT partially antagonizes the reduction on the carotid artery PI. As progesterone, androgens

has been shown to decreases arterial vasodilatation and carotid PI. To our knowledge no information is available

regarding the effect of CPA addition on the carotid artery PI in women taking estrogen replacement therapy. Methods:

We recruited a total of 30 women in postmenopause for at least 12 months and were in good health. Fifteen women

were postmenopausal following surgical bilateral oophorectomy for benign condition. Fifteen postmenopausal women

received estradiol valerate for 21 days and CPA (1 mg) for 10 days for 3 months (Group E/CPA). Ovarectomized

women (n�/15) received estradiol hemihydrate (2 mg) for 3 months (Group E). The main factor investigated was PI, an

indicator of impedence to blood flow down stream. Doppler US were performed before the start and at the end of the

therapy. Results: The mean reductions respect to basal values were 11.5% in women treated with E and 10.8% in

women treated with E/CPA. No significant difference was found between treatment values. Conclusions: The results of

the present study demonstrate that cyproterone acetate addition to E do non-antagonize the effect of estrogen on

carotid artery PI. The present study demonstrate that both estradiol hemihydrate and estradiol valerate plus

cyproterone acetate lead to similar improvement in carotid artery; through this mechanism both treatments could

potentially reduce the incidence of cerebrovascular disease in postmenopausal women.
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1. Introduction

Cardiovascular disease (CVD) is the leading

cause of death in women in the western world.

The incidence of CVD increases dramatically with

the loss of ovarian function. Ovarian hormones

have anti-atherogenic properties influencing all

steps in the development of atherosclerosis: accu-

mulation of cholesterol in the arterial wall, arterial
smooth muscle cell proliferation platelet aggrega-

tion, collagen production and act as a vasoactive

substance [1�/6]. Observational studies indicate

that the risk of CVD may be reduced by up to

50% in postmenopausal women who take estrogen

replacement therapy. Only 30�/50% of this reduc-

tion is considered due to the beneficial changes in

serum lipid profile following estrogen therapy
[7,8]. Estrogen reduces vascular resistance and

act as a vasodilator in vitro [9]. In women estrogen

modulates blood flow in arterial distracts such as

vagina, uterine and carotid vessels as well as

coronary arteries [1,2]. Downstream resistance to

flow estimated as arterial pulsatility index (PI),

increases with time from menopause [10]. Estrogen

therapy reduces internal carotid artery PI [10�/17].
The improvement in carotid PI following HRT has

been proposed as a marker of the cardioprotective

effect of estrogen therapy [10�/17].

Progesterone has been shown to antagonize the

vasodilatation caused by estradiol in the animal

model [18]. Cyclical progesterone addition to ERT

partially antagonizes the reduction on the carotid

artery PI [19]. As progesterone, androgens has
been shown to decreases arterial vasodilatation

and carotid PI. In menopausal women, androgen

supplementation during HRT partially contrast

the beneficial effects of estrogen on cerebral blood

flow [20].

Both dydrogesterone and norethisterone par-

tially antagonized the reduction in the carotid

artery PI in postmenopausal women of estrogen
replacement therapy [19]. Recent reviews demon-

strated that the type of progestogen detained

differential effect of HRT. On lipid and lipopro-

tein levels, the least antagonism was seen with

medrogestone, progesterone and cyproterone ace-

tate. High antagonistic effect was observed with

medroxyprogesterone acetate norgestrel and nor-

ethindrone [21�/27]. Due to low antagonistic effect
of CPA on estrogen action, the association of

estradiol valerate and cyproterone acetate has

been widely prescribed to postmenopausal women.

To our knowledge no information is available

regarding the effect of CPA addition on the

carotid artery PI in women taking estrogen

replacement therapy.

2. Methods

We recruited a total of 30 women. Institution
review board approval for the study was obtained.

The women had all been in postmenopause for at

least 12 months and were in good health. Fifteen

women were postmenopausal following surgical

bilateral oophorectomy for benign condition.

None had taken thyroid hormones, steroids or

SERMS in the previous 12 months. Women with

known CVD where excluded lipids and blood
pressure were in the normal range for all women,

15 postmenopausal women received estradiol va-

lerate for 21 days and CPA (1 mg) for 10 days

(Climen, Schering AG) for 3 months (Group E/

CPA). Ovarectomized women (n�/15) received

estradiol hemihydrate (2 mg) for 3 months (Estro-

fem, Novonordisk) (Group E).

All women were asked to not change their
physical activity. No significant differences were

found between baseline characteristics between the

two groups (Table 1).

The main factor investigated was PI, an indi-

cator of impedence to blood flow down stream.

Table 1

Demographic details of the study population

E/CPA (n�/15) E (n�/15)

Age (year) 529/3 559/4

BMI (kg/ht2) 279/4.4 269/5.2

FSH (IU/l) 589/8 619/9

E2 (pg/ml) 159/4 159/5

Tc (mg/dl) 2259/53 2189/46

LDLc (mg/dl) 1389/29 1359/27

HDLc (mg/dl) 659/17 629/16

TG (mg/dl) 1109/23 1059/21

Carotid PI 0.989/0.1 0.979/0.1
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Doppler US were performed before the start and
at the end of the therapy. The equipment used was

a HP Sonos 5500 with a linear 5-MHz probe.

Each women rested for 5 min in the supine

position before readings were taken. The common

carotid arteries and the proximal parts of the

internal and external carotid artery were identified.

PI was the mean of three consecutive recordings

from internal carotid artery. Serum cholesterol,
triglycerides, HDL- and LDL-cholesterol (calcu-

lated using the Friedewald’s formula) were as-

sessed at baseline and every 4 weeks of treatment

for both groups.

3. Statistical analysis

The results were expressed as means and stan-

dard deviations. Statistical analysis was performed

by the t-test for paired and unpaired data.

Statistical significance was set at P B/0.05.

4. Results

Baseline values of carotid artery PI prior to the

treatments were compared and no significant

differences were found (Table 1). As shown in
the Fig. 1, 3 months of both treatments were

followed by a significant reduction in carotid

artery PI.

The mean reductions respect to basal values

were 11.5% in women treated with E and 10.8% in

women treated with E/CPA. No significant differ-
ence was found between treatment values.

Baseline levels of serum cholesterol, triglycer-

ides, HDL- and LDL-cholesterol were similar in

the two groups. Serum cholesterol concentrations

fell by 4.5% in group E (P B/0.05) and by 3.4% in

group E/CPA (P B/0.05). HDL concentrations did

not change significantly at the end of treatment in

both groups. For triglycerides, significant in-
creases (P B/0.05) from baseline were observed in

both groups at most of the time points studied (59/

1 and 6.29/1.3% for E/CPA and E, respectively).

LDL concentrations significantly decreased (P B/

0.05) from baseline in both groups at most of the

time points studied (�/69/2 and �/89/3% for E/

CPA and E, respectively). The LDL/HDL ratio

fell by 10% in both groups (P B/0.01) (Fig. 2).

5. Discussion

Doppler US is the most accurate non-invasive

method to evaluate vascular impedence. PI reflects

vascular impedence to distal flow with respect to

the point of measurement. Because PI represents

distal resistance and vascular compliance, modifi-
cations in PI reflect a parallel effect on heart load

and hence on heart function.

Estradiol alone induced a 11.5% reduction in PI

after 3 months of therapy, which is similar to the

reduction reported in literature [16,28]. Estradiol

increases blood flow in reproductive tissues and

lead to relaxation of smooth muscle cells of vessels

such as coronary arteries [29�/31].
The increase in arterial PI occurring in women

after menopause seems to be due to reduced

vascular compliance and increased vascular resis-

tance. Estrogen administration leads to reduction

in PI. It has been reported that in suspension of

therapy, PI returns to pre-treatment values in 6

month, suggesting a causal relationship between

sex steroids and vascular tone [32].
The results of the present study demonstrate

that cyproterone acetate addition to estradiol do

non-antagonize the effect of estrogen on carotid

artery PI. A recent study demonstrated an un-

favorable affect of other progestogens, namely

dydrogesterone and norethisterone on carotid
Fig. 1. Significant reduction in carotid PI after 3 months of

therapy with E/CPA (circle) or E alone (square).
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artery PI [19]; others found no effect when

medroxyprogesterone acetate was administered

[33].

Progestogens have been showed to exert differ-

ential effect on lipids and lipoproteins [34], simi-

larly the type of progestogen may differentially

affect the beneficial action of estradiol on vascular

tone.

Estrogen replacement therapy has been shown

to reduce the risk of coronary disease [35]. The

most probable mechanism of this effect is the

modification of lipid profiles [36]. Estradiol is

reported to decrease serum triglycerides and total,

LDL- and HDL-cholesterol [37]. The administra-

tion of a progestin to protect the endometrium

reduces the positive effects of estradiol on lipid

profiles. However, this reduction depends on dose

and the androgenicity of the progestin [34].

The results of our study show that protocols

with estradiol valerate and cyproterone acetate

have favorable effects on serum lipids. Changes in

plasma levels of cholesterol, HDL, LDL, and

triglycerides were not significantly different in the

two groups.

The positive effect of E/CPA association is due

to the very low dose of cyproterone acetate. The

dose of 1 mg for only 12 days per month is able to

prevent estrogen induced endometrial hyperplasia

without antagonize the beneficial effect of estra-

diol. Furthermore cyproterone is an antiandro-

genic progestin which is followed by a positive

effect on frequent menopausal disturbances of skin

such as hirsutism. In conclusion the present study

demonstrate that both estradiol hemihydrate and

estradiol valerate plus cyproterone acetate lead to

similar improvement in carotid artery; through

this mechanism both treatments could potentially
reduce the incidence of cerebrovascular disease in

postmenopausal women.
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