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Abstract

Objecti�e: to evaluate changes in vasomotor endothelium function and elastic properties of the brachial artery in
postmenopausal women beginning hormone replacement therapy (HRT) with Climen®, a 28-day sequential therapy
combining estradiol valerate (E2V) 2 mg/day D1–D21 with cyproterone acetate (CPA) 1 mg/day D12–D22, followed
by a 7-day treatment-free interval. Methods: Thirty-one women with natural or surgical menopause were included in
an open multicenter study. Before treatment, at the end of the estrogen-only phase of cycle 1, and after the combined
phase in cycles 1 and 3, endothelium-dependent vasodilatation (EDVD%) in the brachial artery was measured by the
post-ischemia increase of the inner diameter, and pulse wave velocity (PWV) was measured in the same artery by
simultaneous continuous wave Doppler and photo-plethysmography. Results: compared to pre-treatment values, the
median increase in EDVD was 14.3% after cycle 1 (P=0.0001) and 27.9% after cycle 3 (P=0.0001). CPA did not
alter the effect of E2V on EDVD in cycle 1. Median arterial systolic pressure was unchanged, but median diastolic
pressure fell from 70 to 67.5 mmHg (P=0.04) after cycle 3. Median PWV was reduced by 0.76 m/s after cycle 3
(relative reduction −9.3%) (P=0.035). There was a significant correlation between PWV and EDVD changes from
pre-treatment values at the end of the 3rd cycle. Conclusion: treatment of postmenopausal women with E2V/CPA led
to an immediate and significant improvement in endothelium-dependent vasodilatation. The estrogen-related vasomo-
tor effect was not suppressed by the progestogen CPA. The WV changes are consistent with slower improvement of
arterial compliance in some women. The non-invasive measurement of EDVD and PWV is a convenient method for
the evaluation of both mechanical and functional effects of combination HRT on the arterial wall. © 2002 Elsevier
Science Ireland Ltd. All rights reserved.
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1. Introduction

Cardiovascular risk is increased in post-
menopausal women and this increased risk can
be reduced by 25–50% through hormone re-
placement therapy (HRT) with estrogen alone
[1,2]. HRT with estrogen and progestogen com-
binations also reduces the primary cardiovascu-
lar risk in healthy premenopausal women [3–5].
Although combined estrogen/progestin improves
biological risk factors [6], combination HRT
had no benefit in women with pre-existing coro-
nary heart disease in the HERS study [4]. How-
ever, bias due to selection of older women and
other methodological issues may have con-
tributed to this rather unexpected finding [7]. Fi-
nally, in the absence of additional epidemio-
logical studies, there is a consensus that combi-
nation HRT can reduce the cardiovascular risk
in women with no cardiovascular history, but
this consensus can be extended neither to sec-
ondary prevention nor to identify those women
whose cardiovascular risk is more likely to be
reduced by combination HRT.

One of the factors that increase cardiovascular
risk after menopause is reduced arterial compli-
ance [8]. Resting vascular tone, contractility, and
the extent of physiological responses are im-
proved by estrogen via gene expression of mech-
anisms of vasodilatation involving nitric oxide
synthesis or prostacyclin synthase in the en-
dothelium [9,10]. Women on long-term HRT
had significantly better endothelium-dependent
vasodilatation (EDVD)—also termed flow-de-
pendent vaso-relaxation—as assessed by the
brachial artery diameter increase in response to
reactive hyperemia, with no evident difference
between the patients on combined HRT or un-
opposed estrogen [11]. However, in post-
menopausal women randomized to combined
HRT or no treatment, there was no difference
in brachial artery dilatation in response to reac-
tive hyperemia, to nitroglycerine, or in HDL
cholesterol levels [12]. The authors suggested
that the beneficial effects of estrogen had been
attenuated by the progestin of the combination
HRT.

Arterial wall compliance is also influenced by
estrogen effects, including those on lipid
metabolism and atherogenesis, arterial blood
pressure, endothelial repair, and smooth muscle
proliferation [9]. Postmenopausal women have
significantly higher systemic artery compliance,
leading to lower aorto-femoral pulse wave veloc-
ity, when on HRT with estrogen alone than
when untreated [13]. However, the addition of
medroxyprogesterone acetate has been reported
to antagonize the increase in aortic compliance
induced by estradiol [14].

Against the background of these and other
contradictory observations, we investigated the
evolution in endothelial vasomotor function and
arterial compliance in a group of post-
menopausal women of comparable age begin-
ning treatment with Climen® (Schering AG,
Berlin), a commonly used sequential combina-
tion HRT consisting of E2V, 2 mg/day, D1–
D21, and CPA, 1 mg/day, D12–D21. Efficacy
and safety data on metabolic and endothelial
function have been published in an early report
[15]. Our aim in the present report is to assess
both endothelial vasomotor function and elastic-
ity of the brachial artery under the influence of
the estrogen and progestogen combination.

2. Patients and methods

Patients were recruited in five French study
centers, each with a gynecologist and a specialist
of vascular investigation, for an open-label
study. Clinical, physical, gynecological, meta-
bolic, and symptomatic data were recorded, as
well as the sequential measurements of endothe-
lial vasomotor function and arterial compliance.

2.1. Patient selection

Inclusion criteria were: age 45–60 years, a
history of natural menopause for � l and �10
years or bilateral ovariectomy performed 6
weeks previously, menopause confirmed by
serum FSH 30 IU/l and plasma estradiol 180
pmol/l, and no HRT in the 2 months prior to
the study.
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Exclusion criteria included: usual contraindica-
tions to HRT, current cardiovascular risk factors
and/or a history of cardiovascular disease and/or
signs of atheroma at baseline duplex Doppler
examination, any concomitant treatment likely to
modify the variables investigated, cigarette con-
sumption �10/day.

Written informed consent was given by all vol-
unteers, in accordance with the Declaration of
Helsinki. The study protocol was approved by
the Ethics Committee of Nı̂mes (France).

2.2. Study protocol

Four visits to the gynecologist were scheduled
from screening up to the end of the 3rd cycle of
treatment with E2V/CPA, each consisting of a
general and gynecological examination (V1, V3,
V6, V8). Mammography was performed at inclu-
sion in the study.

For the measurements of EDVD and PWV,
four separate visits were scheduled: V2 —pre-
treatment baseline, V4—at the end of the E2
phase in cycle 1 (D9–D11), V5—at the end of
the combined E2V/CPA phase in cycle 1 (D19–
D21), and V7—at the end of the combined E2V/
CPA phase in cycle 3 (D19–D21). The baseline
arterial examination was preceded by a Duplex
ultrasound examination of the carotid and
femoral arteries.

2.3. EDVD measurements

EDVD in the right brachial artery was deter-
mined after 3 min of forearm ischemia, created
by a tourniquet [16]. The artery was scanned
using a 7.5 MHz linear array probe with an
Acuson 128 or Acuson Aspen duplex Doppler
system (Acuson, Mountain View, CA). A longi-
tudinal section of the artery was obtained at
mid-height of the arm, and was recorded during
the whole procedure on an S-VHS videotape
recorder.

Videotapes from all five centers were read on a
Macintosh workstation with a frame-grabber and
dedicated software (IÔ 3.1, IÔDP, Paris, France)
for off-line, independent measurement of the in-
ner diameter of the brachial artery at rest (dr),

during forearm ischemia (di), and at the end of
the first minute following the release of the
tourniquet (post-ischemia hyperemia diameter
(dh)). Measurements were performed during
diastole on 10 cardiac cycles or more, and aver-
aged. The post-ischemia relative increase in di-
ameter was calculated as EDVD%=100
(dh−dr)/dr.

2.4. PWV measurements

PWV in the right brachial artery was evalu-
ated by a dedicated continuous wave Doppler
and photoplethysmography device (AtysWave,
Atys Medical, Lyon, France). The photoplethys-
mography probe was placed at the tip of the
second finger, and the continuous wave Doppler
probe recorded the signal from the subclavian
artery at the clavicle level, then from the brachial
artery at the elbow level. Both signals were digi-
tized and the software calculated the delay be-
tween the upslope of the Doppler and of the
plethysmography signals by the cross-correlation
function of their first derivative. Results from 30
cardiac cycles were averaged and the propagation
time of the pulse wave along the brachial artery
was calculated as t= t1− t2, with t2=elbow−
finger delay and t1=clavicle−finger delay (in
ms). The clavicle−elbow distance (d) was mea-
sured on the skin (in m), and the brachial artery
pulse wave velocity was calculated as PWV=d/t
(m/s).

The arterial examination was performed in
conditions of comfort (patient resting in supine
position for more than 20 min, neutral tempera-
ture, reduced lighting and noise), at least 2 h
after a meal or nicotine intake.

2.5. Assessment criteria

The EDVD and PWV data (videotapes and
computer files) were collected and read by inde-
pendent observers who did not participate in the
study and who did not know the patients’ status
or treatment. The main criterion for both
EDVD% and PWV was the change in group
median from baseline (V2) measurements at V4.
Secondary criteria were the comparison of
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changes after 1 cycle (V5−V2) and 3 cycles of
treatment (V7−V2), and comparison of changes
at the end of the combination sequence (V5−
V2) and the estrogen only sequence in cycle 1
(V4−V2). Changes in EDVD% and PWV mea-
surements in individual women were compared
at the same time periods.

2.6. Patient compliance

Compliance with treatment was assessed by
patient diary, return of drug packaging, and
central laboratory measurements of plasma
estradiol by radio-immunoassay during treat-
ment.

2.7. Statistical analysis

The study population in this report comprises
all patients with at least one valid arterial mea-
surement at a visit. Measurement results were
expressed as median (range) or mean�1 SEM
according to the data distribution. Differences
between V5 and V2, between V4 and V2, and
between V7 and V2 were calculated for each
patient and evaluated with the Wilcoxon paired
test or with Student’s paired t-test, according to
the data distribution. Correlation between rela-
tive changes from baseline in PWV and
EDVD% were assessed by linear regression anal-
ysis. A multiple comparison was performed, tak-

ing into account age, type of menopause
(natural/bilateral ovariectomy) and the time
elapsed since menopause. P�0.05 was consid-
ered significant.

3. Results

3.1. Patients’ characteristics

The characteristics of the 31 women who met
the criteria for inclusion are summarized in
Table 1. Twenty women had experienced natural
menopause. Eleven had undergone hysterectomy
with bilateral ovariectomy at a median of 2.5
months (1–29 months) prior to the study. The
time elapsed since the last spontaneous menstru-
ation was uncertain in 1 case. Fifteen women
had previously received HRT, which had been
stopped at a median of 4.5 months (range 2–11
months) before inclusion.

3.2. Patient compliance

After 3 cycles of E2V/CPA, median plasma
estradiol levels rose significantly (P=0.0001)
from the pre-treatment level (Table 1), confirm-
ing the overall subject compliance with treat-
ment. No women experienced adverse effects
that justified discontinuation of treatment. Two
women did not complete the study and some

Table 1
Study population at inclusion: characteristics of menopause (n=31)

Pre-treatmentCharacteristic End of 3rd cycle

Median Range

Age (year) (45–59)51
61 (46–90)Body weight (kg)

(17.75–29.73)22.76Body mass index (kg/m2)
120 (90–190)Brachial systolic pressure (mmHg) 118 (90–160)

(60–80)70(58–100)70Brachial diastolic pressure (mmHg)
Heart rate (bpm) 6770 (45–140)(45–136)

27 (2–108)Months since last spontaneous menses (n=20)
Months since hysterectomy or bilateral ovariectomy (n=11) 3.8 (1–29)

67Serum FSH (IU/l) (31.5–176)
71–386223(11–154)28Plasma estradiol (pmol/l)
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Table 2
Brachial artery endothelium dependent vasodilatation (EDVD) and pulse wave velocity (PWV) during 3 cycles of HRT

did not attend all of the measurement visits
because they found the full protocol time-
consuming. The actual numbers of available data
appear on Table 2.

3.3. Endothelium-dependent �asodilatation

The brachial artery EDVD% rose significantly
after the E2V only phase. At the end of the 1st
cycle, the median EDVD% was not different from
the end of the E2V only phase and significantly
greater than before treatment. At the end of the
3rd cycle, EDVD% was significantly greater than
at V2 and V4. EDVD% after E2V alone and after
E2V/CPA during the 1st cycle were positively
correlated (P=0.03). Paired results from individ-
ual women showed a median (range) EDVD%

increase from baseline of 14.3% (−10.4–110.9) at
the end of the 1st cycle, up to 27.9% (1.6–189.9)
at the end of the 3rd cycle (P=0.0001) (Fig. 1,
Table 2).

3.4. Pulse wa�e �elocity

There was no significant change in PWV after
the 1st cycle of treatment. Within the 1st cycle,
there was no difference between the changes ob-
served after the E2V only phase and after the
E2V/CPA combined phase (V4−V2 vs. V5−
V2). The changes in PWV after the two phases
were positively correlated (P=0.006). After 3 cy-
cles of treatment, PWV decreased significantly,
with a median (range) relative change of −9.3%
(−33.7–31.9) (Fig. 1, Table 2).
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3.5. Correlation between EDVD and PWV

Relative changes in EDVD% and PWV from
baseline values were significantly correlated at V7
(r2=0.225; P=0.0298) but neither at V4
(P=0.11) nor at V5 (P=0.95). Multiple
comparison analysis showed that age, type of
menopause (natural vs. surgical), and time since
onset of menopause were not predictive for
EDVD% or PWV changes from baseline at V5 or
V7.

3.6. Arterial blood pressure

Systolic blood pressure (SBP) did not change
significantly between inclusion in the trial and the
end of the 3rd cycle of treatment, while diastolic
blood pressure (DBP) decreased significantly
(P=0.04) (Table 1).

4. Discussion

In this study, we observed the sequential
changes in arterial physiological responsiveness
and elasticity in a group of women beginning

HRT with a combination of natural estrogen and
an antiandrogenic progestogen. These arterial ef-
fects may contribute to the cardioprotective effect
of HRT in postmenopausal women, and both are
influenced by estrogen and progestogen.

Estrogen causes arterial vasodilatation within
seconds or minutes of administration by non-ge-
nomic physiological mechanisms that are both
endothelium-dependent—such as the nitric oxide
response, and endothelium-independent, mediated
by several types of receptor in vascular smooth
muscle [9]. Flow-mediated vasodilatation in re-
sponse to reactive hyperemia is an endothelium
dependent function that fluctuates in parallel with
serum estrogen levels [10]. Other cardio-protective
effects of estrogen result from alterations in gene
expression, developing over hours or days, in all
three layers of the arterial wall. These include
reduced response to vascular injury, reduced
growth and migration of vascular smooth muscle,
and increased growth of endothelial cells [17].
Other mechanisms, some tissue-specific, affect co-
agulation and fibrinolysis, apolipoprotein
metabolism, the angiotensin system, and cellular
responses to injury [9,18].

Some studies have demonstrated a regulating
effect of progesterone on endothelial cell prolifer-
ation by blocking them in the G1 phase [19].
Other studies concluded that progesterone limits
the vasorelaxation effect of estradiol [20,21]. At
the molecular level, estrogens, in vitro, stimulate
endothelial production of prostacycline (PGI2)
and nitric oxide (NO), a powerful vasodilator.
These data have been confirmed in vivo for HRT
with, in addition, a decreased production of en-
dothelin 1 (ET-1), a powerful arterial vasocon-
strictor [22]. These effects are mediated by an
inhibitory action on inducers of the transcrip-
tional program, demonstrated for both estrogens
and progestogens [23].

Direct intra-coronary infusion of physiological
concentrations of estradiol improves coronary
flow and reduces coronary resistance by an en-
dothelium-dependent mechanism. The EDVD re-
sponse correlates with increased bioavailability of
nitric oxide (NO), synthesized by endothelial cells
[24]. Using non-invasive techniques in the brachial
artery, estrogen has been shown to improve

Fig. 1. Brachial artery endothelium dependent vasodilatation
(EDVD) in %, and brachial artery pulse wave velocity (in m/s)
during HRT. Solid lines, median; dotted lines, 25th and 75th
percentiles; V2, pre-treatment visit; V4, end of E2V phase of
1st cycle; V5, end of combined E2V+CPA phase of 1st cycle;
V7, end of 3rd cycle.
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EDVD responses in postmenopausal women
[25,26]. Also, in postmenopausal women, estrogen
HRT improves coronary artery flow and attenu-
ates abnormal responses to endothelium-depen-
dent vasodilatation [27]. The EDVD assessment
technique with high resolution ultrasound and
reactive hyperemia effectively demonstrates en-
dothelial dysfunction, even in asymptomatic pa-
tients [28], and has been used to reveal impaired
flow-mediated dilatation in patients with coronary
artery disease [29].

Arterial pulse wave velocity is a marker of
parietal elasticity. In addition to resting tone, this
measurement can reflect sclerotic components
[30]. Hormone-related changes in vascular tone
would be expected to evolve more rapidly than
sclerotic components, and be more readily re-
versed by HRT after the menopause. However,
arteries in central and peripheral sites can have
quite different elastic properties [31], and not all
peripheral arteries have the same response to
HRT as regards, for instance, their pulsatility
index [32]. The brachial artery has been widely
used. Its vasomotor tone and behavior with age
are well documented [33,34], and measurements
under controlled conditions show good re-
peatability [35]. We used an automatic system for
PWV measurement, ensuring precise, objective,
and independent calculation of this variable by
the cross-correlation of Doppler and plethysmog-
raphy signals [36,37], allowing evaluation of PWV
in the brachial artery at the same level as the
EDVD measurement.

The simultaneous investigation of complemen-
tary characteristics of the arterial wall by non-in-
vasive techniques has been shown to be of value
in a study of endothelium-dependent and -inde-
pendent vasodilatation in patients with chronic
heart failure [38]. To our knowledge, this is the
first study simultaneously evaluating the changes
in physiological (EDVD) and mechanical (PWV)
characteristics in a group of postmenopausal
women undergoing HRT.

As women on HRT can readily distinguish
active medication from placebo because of
changes in symptoms and bleeding patterns, the
design of the original trial protocol did not in-
clude a control group. In this study of arterial

responses, we followed sequential changes in vas-
cular variables in the group and in individual
patients. By selecting women of an equivalent age
who had recently undergone natural or surgical
menopause, potential age-related bias in arterial
elasticity in women with surgical menopause was
avoided. Open methods were used only for data
recording. Each investigator completed a training
period in order to ensure strict application of the
protocol and good measurement reproducibility.
Arterial recordings were centralized for blind
analysis, which ensured standardized assessment
of arterial variables and limited any potential bias
from individual centers. Data analysts did not
have any information concerning the patients or
the time of treatment. With this strict methodo-
logical approach, this study demonstrated that a
sequential combination of estradiol valerate 2 mg/
day from D1 to D21 and cyproterone acetate 1
mg/day from D12 to D21 in a group of post-
menopausal women led to an overall improve-
ment in arterial physiological responsiveness after
1 cycle and an overall improvement in arterial
elasticity after 3 cycles. Compared to baseline
measurements, the proportional increase in the
group median relative response of the brachial
artery in the hyperemia test was 14.3% after the
1st cycle and 27.9% after the 3rd cycle. The
brachial artery elasticity changed more slowly. No
proportional decrease in group median PWV was
seen after the 1st cycle but a slowing down of
9.3% was found after the 3rd cycle. There was no
PWV value greater than l0 m/s after 3 cycles,
indicating improved elasticity in the women
whose arteries were initially less compliant. In our
study, EDVD% increased whereas PWV de-
creased during HRT (Fig. 1), and there was a
significant correlation between relative changes
from baseline in EDVD% and PWV at V7 (end of
the 3rd cycle of HRT) but neither at V4 or at V5.
This is not unexpected, since PWV exhibited a
slower and smaller change than EDVD%, reach-
ing the signification threshold only at V7. Al-
though EDVD% is immediately improved by
HRT [9], changes in PWV appear more slowly
and progressively, reflecting not only vascular
tone decrease, but also possible structural changes
in the arterial wall.
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In this study, the progestogen CPA did not
prevent the overall improvement in arterial physi-
ological responsiveness. In animal and clinical
studies, both vasodilator and vasoconstrictor ef-
fects of progestogens have been described [39,40],
depending on type and schedule of
administration.

We conclude that these observations on EDVD
and PWV are consistent with a beneficial impact
of E2V/CPA on the reduction of the cardiovascu-
lar risk via improved arterial function and elastic-
ity in some postmenopausal women, regardless of
the type of menopause (natural or surgical) or the
time since the onset of menopause. The use of
ultrasound to measure the brachial artery vasodi-
latation responses to ischemia together with pulse
wave velocity is convenient, non-invasive, and has
the potential to demonstrate and follow the me-
chanical and functional effects of combination
HRT on the arterial wall.
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