
Effect of tibolone treatment on intima-
media thickness and the resistive indices
of the carotid arteries

Mithat Erenus, M.D., A. Hakan Ilhan, M.D., and Koray Elter, M.D.

Department of Obstetrics and Gynecology, Marmara University School of Medicine, Istanbul, Turkey

Objective: To assess the effect of tibolone treatment on the intima-media thickness (IMT) of the common
carotid artery (CCA) and the resistive indices (RIs) of the CCA and internal (ICA) and external (ECA) carotid
and the vertebral arteries (VAs) in postmenopausal women as sonographic markers of atherosclerosis.

Design: A prospective study.

Setting: University hospital.

Patient(s): Twenty postmenopausal women who had no cardiovascular disease.

Intervention(s): Noninvasive measurements of the IMT of the CCA and the RI of the CCA, ICA, ECA, and
VA were made with ultrasound at baseline and after 12 weeks of tibolone treatment.

Main Outcome Measure(s): IMT of the CCA and RI of the CCA, ICA, ECA, and VA.

Result(s): Three months of tibolone treatment decreased the IMT of the CCA (mean � SD) from 0.70 � 0.22
mm (95% confidence interval [CI], 0.60–0.80) to 0.47 � 0.17 mm (95% CI, 0.39–0.55) by 28%. Resistive
indices of the CCA, ICA, and VA also decreased significantly.

Conclusion(s): The present study showed that tibolone treatment decreases both the IMT of the CCA and RI
of the CCA, ICA, and VA, which appears to be related to its anti-atherosclerotic effect. Nevertheless, the
clinical implications of these findings are yet to be investigated. (Fertil Steril� 2003;79:268–73. ©2003 by
American Society for Reproductive Medicine.)
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Observational studies suggest that hormone
replacement therapy (HRT) in healthy post-
menopausal women reduces morbidity and
mortality from cardiovascular disease (CVD)
(1–4). Nevertheless, currently there is some
dispute as to the validity of such claims. The
presumed protective effect of the estrogens was
initially attributed to changes in lipoprotein
metabolism (2, 5–7). Subsequently, arterial ef-
fects of estrogen have been demonstrated by
both endothelium-dependent and -independent
mechanisms (8–13). Estrogens also protect the
integrity of blood vessels by stimulating endo-
thelial cell proliferation and migration, inhibit-
ing smooth muscle cell growth, and inhibiting
intimal thickening (8–10, 14).

Tibolone is a tissue-specific synthetic ste-
roid that relieves menopausal symptoms and
osteoporosis but does not stimulate the endo-
metrium (15). Tibolone lowers serum choles-
terol and triglyceride levels in healthy post-

menopausal women (15). However, concern
has arisen about cardiovascular safety because
of reductions in high-density lipoprotein cho-
lesterol concentrations. Nonetheless, there are
no data on the long-term cardiovascular effects
of the drug. Recently, it has been demonstrated
in cholesterol-fed ovariectomized rabbits that
tibolone exerts a strong dose-dependent anti-
atherosclerotic effect compared with estrogens,
which is independent of the effect of the drug
on circulating cholesterol levels (2). To our
knowledge, there has been no human study
regarding the long-term vascular effects of ti-
bolone.

The assessment of subclinical atherosclero-
sis in the carotid arteries can be accomplished
noninvasively by means of B-mode ultrasound.
The intima-media thickness (IMT) is, at
present, the best studied sonographic marker
for early atherosclerotic vascular wall lesions
(16–21). Previous studies have shown cross-
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sectional associations among the common carotid artery
(CCA) IMT and cardiovascular risk factors, the prevalence
of CVD, and the involvement of other arterial beds with
atherosclerosis (16, 17, 22–25). The resistive index (RI) is a
hemodynamic parameter that is easily determined by Dopp-
ler sonography and basically reflects vascular resistance.
Frauchiger et al. (26) demonstrated that the correlation be-
tween the RI of the internal carotid artery (ICA) and the risk
of atherosclerosis are comparable to those of the well-known
IMT.

The objective of this study was to assess the effects of
tibolone treatment on the IMT and RI of the carotid and
vertebral arteries in postmenopausal women as sonographic
markers of atherosclerosis.

MATERIALS AND METHODS

Twenty symptomatic postmenopausal women, who pre-
sented to the Menopause Outpatient Clinic, Marmara Uni-
versity School of Medicine, Istanbul, Turkey, were included
in this prospective study. Written informed consent was
obtained from each subject. The study was approved by the
Institutional Review Board at Marmara University. Post-
menopausal status was defined as the presence of no natural
menses for at least 1 year and a serum FSH level of more
than 40 IU/L. Exclusion criteria included active cerebrovas-
cular or CVD, hypertension, diabetes, current smoking,
thromboembolic disorders, and use of medication containing
estrogens, progestins, androgens, lipid-lowering agents, or
anticoagulants or products containing aspirin within 6
months of enrollment. Subjects were asked to continue their
regular diet, physical activity, and habits.

Medical histories were taken, and all subjects underwent
screening mammography and gynecologic examination, in-
cluding cervical smear. Weight and height were measured,
and body mass index (BMI) (weight in kg/height in m2) was
calculated. Fasting blood samples were drawn at baseline for
total cholesterol, LDL and HDL cholesterol, and triglyceride
determinations.

The IMT of the CCA was performed with a real-time,
high-resolution, B-mode ultrasound imager using a 7.5-MHz
probe (Toshiba SSA 380 A, Power Vision 7000, Toshiba,
Osaka, Japan). Color blood flow imaging of the ICA, exter-
nal (ECA), and CCA and the vertebral artery (VA) was also
carried out using the same Toshiba ultrasound system. The
same radiologist performed scanning throughout the study
and was blind to the study. As carotid blood flow can be
affected by noise, environmental temperature, and diet, all of
the Doppler scans were performed at the same time of day in
a soundproof room kept at a constant temperature and light-
ing level 2 hours after the patients had eaten a light meal.

Scanning of the CCA 3 cm proximal to the bifurcation
was performed in the anterior-posterior position, with the
patient lying on her back with her head on the axis. The

ultrasonic image of the vessel was projected in real time on
a monitor, and the sound beam was adjusted perpendicularly
to the arterial surface of the far wall of the vessel to obtain
two parallel echogenic lines corresponding to the lumen-
intima and media-adventitia interfaces. The distance be-
tween these two interfaces indicates the IMT. Once these
interfaces were clearly visible along at least 1 cm of the
arterial segment, the IMT was measured. This procedure was
repeated twice for both sides, and the average was consid-
ered in each subject.

During Doppler scans, five similar and optimal consecu-
tive waveforms were analyzed bilaterally. The resistive in-
dices (1 � [minimum diastolic velocity/maximum systolic
velocity]) were calculated electronically. Doppler measure-
ments were also repeated twice for both sides, and the
average was considered in each subject. The variability of
the ultrasound measurements of IMT and Doppler sonogra-
phy were studied by performing five measurements over 1
month in 10 volunteers. The coefficients of variation for
measurements of IMT and RI were 3% and 3.2%, respec-
tively, which are considered acceptable.

After the above-mentioned baseline evaluations, subjects
were administered tibolone, 2.5 mg/day (Livial, Organon,
Oss, The Netherlands) for 12 weeks. At the end of the
follow-up period, ultrasound measurements were repeated.

Statistical Analysis
A power calculation showed that a sample size of 20 in

each group has a power of 95% to detect a 0.23-mm change
in IMT between baseline and post-treatment values at the 5%
level of significance. Power analysis was made by using
StatMate version 1.01 (GraphPad Software, San Diego, CA).

Baseline and after-treatment values were compared by
using the paired t-test. Pearson’s correlation test was per-
formed to analyze any relationship between the percent
change in IMT and the baseline clinical characteristics of the
subjects, i.e., age, BMI, months since menopause. The Soft-
ware Package for the Social Sciences (version 10.0; SPSS,
Inc., Chicago, IL) was used for these analyses. Values are
expressed as means � SD, and P�.05 was considered sta-
tistically significant.

RESULTS
All 20 subjects were compliant and completed the study.

None of them were current smokers. Mean (�SD) age and
BMI values were 52.2 � 5.45 years (range, 44–63 years)
and 25.84 � 3.13 kg/m2, respectively. The mean (�SD)
months since menopause was 63.0 � 65.81 months. Baseline
and after-treatment ultrasound characteristics of the subjects
are summarized in Table 1. Three months of tibolone treat-
ment decreased the IMT of the CCA (mean � SD) by 27.9%,
from 0.70 � 0.22 mm (95% confidence interval [CI], 0.60–
0.80; range, 0.40–1.05 mm) to 0.47 � 0.17 mm (95% CI,
0.39–0.55; range, 0.20–0.80 mm) (P�.001, Table 1). Fif-
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teen subjects (75%) had a decrease in IMT (Fig. 1A), and
five subjects (25%) had either no change (n � 2) or an
increase in IMT (n � 3) (Fig. 1A and 1B).

In addition, tibolone administration significantly de-
creased the RI of the CCA (mean � SD) from 0.70 � 0.06
to 0.68 � 0.06, the RI of the ICA from 0.59 � 0.05 to 0.57
� 0.05, and the RI of the VA from 0.65 � 0.07 to 0.62 �
0.05 (P�.05, Table 1). However, the decrease in the RI of
the ECA was not significant (P�.05, Table 1). There was no
significant relationship between the percent change in IMT
and the baseline clinical characteristics of the subjects, i.e.,
age, BMI, or months since menopause (P�.05).

DISCUSSION
CVD is the leading cause of morbidity and mortality for

postmenopausal women. Estrogen replacement therapy has
been advocated in postmenopausal women with anticipated
benefits of alleviating menopausal symptoms, slowing os-
teoporosis, and preventing heart disease. Nevertheless, es-
trogen’s role in the prevention of heart disease is unclear.
Recommendations for postmenopausal women for heart dis-
ease prevention are based on observational data, clinical and
laboratory studies demonstrating favorable effects of estro-
gen on cardiovascular risk factors, and experimental arterio-
sclerosis. Thus, it was a surprise when the Heart and Estro-
gen/Progestin Replacement Study (HERS) (27) found no
overall effect of 4.1 years of treatment with conjugated
estrogen plus medroxyprogesterone acetate on the risk of
nonfatal myocardial infarction and death from coronary
heart disease (CHD) among women with established coro-
nary arteriosclerosis. These results were complicated by an
early increase and a late reduction in risk within the overall
null effect (27).

Recently, the Estrogen Replacement and Atherosclerosis
Trial (28), the first randomized angiographic endpoint trial to
test the effect of HRT on the progression of atherosclerosis
in postmenopausal women with documented coronary ste-
nosis, showed no benefit of HRT, lending support to the
HERS findings. Nevertheless, several studies (10, 29–32)

T A B L E 1

Baseline and after-treatment characteristics of the subjects.

Baseline After treatment
Mean %
change P

IMT of CCA (mm) 0.70 � 0.22 (0.60–0.80) 0.47 � 0.17 (0.39–0.55) 27.9 �.001
RI of CCA 0.70 � 0.06 (0.68–0.73) 0.68 � 0.06 (0.65–0.70) 3.3 .01
RI of ICA 0.59 � 0.05 (0.56–0.61) 0.57 � 0.05 (0.54–0.59) 3.7 .03
RI of ECA 0.79 � 0.04 (0.77–0.81) 0.78 � 0.04 (0.76–0.80) NA NS
RI of VA 0.65 � 0.07 (0.62–0.68) 0.62 � 0.05 (0.60–0.65) 3.7 .03

Note: Values in parentheses are the 95% confidence intervals for the means.
CCA � common carotid artery; ECA � external carotid artery; ICA � internal carotid artery; RI � resistive index; VA � vertebral arteries.

Erenus. Tibolone and atherosclerosis. Fertil Steril 2003.

F I G U R E 1

Baseline and after treatment IMT values for each subject. (A),
Subjects with a decrease in IMT (n � 15). (B), Subjects with
no change (n � 2) or an increase in IMT (n � 3). An asterisk
(*) indicates that two subjects had the same baseline and
after-treatment IMT values and therefore were shown as a
single line.

Erenus. Tibolone and atherosclerosis. Fertil Steril 2003.
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demonstrated that HRT in postmenopausal women de-
creased carotid artery IMT, which may suggest that HRT is
associated with a favorable atherogenic status.

Tibolone (Org ODI4), a synthetic steroid [(7�, 17�)-17-
hydroxy-7-methyl-19-norpregn-5(10)-en-20-yn-3-one] with
weak estrogenic, progestogenic, and androgenic properties
in laboratory animals, relieves climacteric symptoms, which
induces a sense of well-being and prevents osteoporosis in
postmenopausal women in the absence of any stimulatory
effect on the endometrium (15, 33, 34). The associations
between blood lipids and arterial disease are well recog-
nized. Reductions in HDL cholesterol and increases in trig-
lycerides, LDL cholesterol, and Lp(a) are associated with
increased CHD rates (15). Tibolone reduces circulating trig-
lycerides and Lp(a) (15). However, it has no effect on LDL
cholesterol but does reduce HDL cholesterol (15).

The human data on effects of tibolone on vascular disease
in the literature are scarce. Hardiman et al. (35) reported that
resting forearm blood flow, the dilator response to anoxic
exercise, and heart rate increased significantly after 6 weeks
of tibolone treatment. Recently, Lloyd et al. (36) evaluated
10 postmenopausal women with documented coronary artery
disease by treadmill exercise electrocardiograms before and
24 hours after the oral administration of tibolone and con-
cluded that tibolone appears to show similar anti-ischemic
properties to estrogen. Lehmann et al. (37) stated that oral
administration of tibolone had altered the dynamic relation-
ship between structural and functional biophysical properties
of the aortic wall in vivo based on the measurement of pulse
wave velocity along the thoraco-abdominal aortic pathway
by using a noninvasive Doppler ultrasound technique.

Recently, Zandberg et al. (2) evaluated the anti-athero-
sclerotic effect of tibolone in comparison with oral 17beta-
estradiol and ethinyl estradiol (EE) in a rabbit model using a
high cholesterol diet. They have observed that both tibolone
and EE comparably reduced the accumulation of cholesterol
in the aortic arch and the formation of fatty streaks in a
dose-dependent manner. E2 had only a marginal anti-athero-
sclerotic effect. Analysis indicated that the observed anti-
atherosclerotic effects of tibolone and EE were at least partly
due to a direct effect on the vessel wall independent of the
changes in plasma cholesterol. Recently, Clarkson et al. (38)
have compared the effects of two different doses of tibolone
with those of conjugated equine estrogens (CEE) with and
without medroxyprogesterone (MPA) on coronary athero-
sclerosis (CAA) of postmenopausal monkeys. CEE and
CEE�MPA both significantly reduced CAA by about 62%,
whereas tibolone treatment did not cause any difference in
CAA, despite the adverse effects on plasma lipoproteins.

The IMT measurement by carotid ultrasound is a safe,
standardized, and validated method that is useful in screen-
ing for atherosclerosis and in providing a surrogate measure
for response to disease interventions (16–25). A thickening
of the intima-media complex not only reflects local alter-

ations, mostly of the CCA, but also corresponds to general-
ized atherosclerosis. O’Leary et al. (39) showed a direct
correlation between IMT and the risk of myocardial infarc-
tion and stroke in patients without a history of vascular
disease.

Previously, conflicting results have been reported about
the relationship between HRT and carotid artery IMT. Most
of the studies (10, 40, 41) have reported a protective effect of
HRT on thickening of the IMT of the carotid artery. Never-
theless, Nabulsi et al. (42) have reported no association with
HRT (42). Recently, Hashimoto et al. (43) investigated the
endothelial function of the brachial artery with ultrasound
measurement and carotid IMT in a controlled study. Im-
provement of the flow-mediated dilation was observed at 3
months and preserved up to 36 months in the HRT group.
IMT has not changed significantly in either the HRT group
or the control group at the end of 12 months.

The RI according to Pourcelot is a hemodynamic param-
eter that is easily determined by Doppler sonography and
basically reflects vascular resistance (26). In the renal arter-
ies, the RI has been studied thoroughly as a surrogate marker
of atherosclerotic alterations. Age, vascular risk factors, and
clinically demonstrated vascular diseases are associated with
an increase in RI (26, 44–46). Recently, Frauchiger et al.
(26) have studied the correlation between carotid RI and the
degree of atherosclerosis and concluded that the RI of the
ICA can be assessed as a surrogate marker of generalized
atherosclerosis, complementary to IMT.

In this study, we have demonstrated that 3 months of
tibolone treatment in postmenopausal women decreased the
IMT of the CCA by 28% in comparison with baseline values.
Similarly, RIs of CCA, ICA, and VA decreased significantly,
but by smaller increments. To our knowledge, this is the first
study on the effects of tibolone on the IMT of the CCA as a
sonographic marker of atherosclerosis.

We do not yet have data on the long-term vascular effects
of tibolone in postmenopausal women. The decrease in cho-
lesterol, LDL, Lp(a), and triglycerides after tibolone admin-
istration can be considered in light of decreasing atheroscle-
rosis, but the fact that HDL concentrations may also decrease
has been considered as an adverse effect. However, the
significance of this HDL decrease on the risk of CHD has
been disputed (47). Currently, the effect of tibolone treat-
ment in postmenopausal women on the risk of CHD is best
evaluated with an assessment of atherosclerotic lesions by
sonographic markers. The present study has shown the po-
tential beneficial effects of tibolone on arteriosclerosis. How-
ever, the limited number of subjects is the weakness of this
study.

In conclusion, the present study showed that tibolone
treatment causes thinning of the IMT of the CCA and im-
proves CCA and ICA blood flows and thus appears to be
useful in preventing atherosclerosis. Nevertheless, the clin-
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ical implications of these findings are yet to be investigated.
Future studies with larger groups are needed to assess the
potential beneficial effects of tibolone on arteriosclerosis in
postmenopausal women.
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