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ABSTRACT
Aims: To evaluate the effects of raloxifene treatment on uterus in asymptomatic postmenopausal patients by Doppler 

transvaginal ultrasonography (TvUS).
Methods: Randomized controlled prospective study, 57 healthy postmenopausal asymptomatic patients, aged 45-60, who 

applied Okmeydanı Training and Research Hospital Obstetrics and Gynecology Outpatient Clinic between 2003-2004. Four 
patients were excluded from the study because they did not apply the treatment regularly. All of the patients were in natural 
menopause. They had not received any hormone replacement therapy before. Their body mass index (BMI) was below 30 kg/
m2 and had no systemic diseases. The patients were divided into two groups as those who received raloxifene (n: 27) and those 
who did not (n: 26). Raloxifene was given 60 mg/day for 6 months. In all patients enrolled in the study, endometrial and uterine 
volume, pulsatility (PI) and resistance indices (RI) were evaluated by TvUS Doppler. Endometrial biopsies (EB) were obtained 
with pipelle at 0 and 6 months. 

Results: There was no significant difference in terms of age, height, weight and BMI (p<0.05). Parity, menopause time and 
endometrial thickness were similar (p<0.05). EB results were similar (p<0.05). Uterine volumes at month 0 and 6 were similar 
(p<0.05). PI and RI were found to be similar in the right and left arteries at baseline (p<0.05). While PI and RI on the right side 
were similar at 6 months, left uterine artery PI was found to be significantly higher in the treated group. Left uterine artery RI 
was similar.

Conclusion: Raloxifene treatment neither did stimulate the endometrium, nor increased the uterine volume or uterine 
blood flow. It did not have any stimulating effect on the uterine tissue.
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INTRODUCTION

The World Health Organization (WHO) defines 
menopause as a permanent termination of menstruation as 
a result of loss of ovarian activity.1 The menopause period is 
one of the stages of a woman’s life and prolongation of the 
average life expectancy has extended it.2

The average age of onset of menopause in industrialized 
countries is in the 50s, although it is several years earlier 
in developing countries.4,5 The mean age of menopause is 
reported as 52 in Western countries, 51 in the United States, 
and 47 in our country.6,7 

The estimated life expectancy for women in Turkey 
is 81.2 years according to the 2022 data from the Turkish 
Statistical Institute (TUIK). In light of the provided data, 
if it is assumed that women will live approximately 81 

years, one-third of their life which is approximately 27 
years, will be spent in the postmenopausal period and may 
encounter health problems associated with this period.5,8 
This clearly demonstrates the importance of further studies 
on symptoms related to this period. Due to the increased 
risk of age-related diseases and cancer for women in this 
period, it seems essential to raise awareness about healthy 
living and preventive health services benefits. Many organs 
and systems undergo changes in the postmenopausal 
period. Early postmenopausal changes include; vasomotor 
symptoms (hot flashes on the face, neck, and chest, 
sweating, palpitations, insomnia) but later more serious 
changes such as bone mass loss, osteoporosis, increased risk 
of fracture, cardiovascular system changes and urogenital 
system atrophies are observed.9
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Due to diminished ovarian function in postmenopausal 
women, bone turnover accelerates, bone mass decreases 
hence the risk of fracture increases. Hormone replacement 
therapy (HRT) may cause some undesirable effects as 
well as various beneficial effects. It prevents hip and 
spine fractures but some authors suggest it may pose 
increase therisk of coronary heart disease, venous 
thromboembolism, stroke, and breast cancer.10 Selective 
estrogen receptor modulators (SERMs) have been 
developed as an alternative to HRT to increase bone mass. 
These molecules exert selective estrogen agonistic or 
antagonistic effects on the tissue. While an agonistic effect 
is observed on the skeletal system, serum lipid metabolism, 
and coagulation factors, an antagonistic effect is observed 
in breast and uterus tissue.11

Raloxifene, a tamoxifen analogue, belonging to 
the benzothiophene group of the SERM family, has a 
pronounced tissue-specific effect. It has been shown to 
prevent bone loss and reduce serum cholesterol levels 
without stimulating the endometrium.12,13 Raloxifene, a non-
steroidal benzothiophene, has been shown to inhibit estrogen 
receptor-dependent dimethyl benzantracene-induced 
mammary tumor growth in rats and reduce the occurrence 
of nitrosomethylurea-induced mammary tumors.14 In the 
skeletal system it inhibits the osteoclastic differentiation 
process by binding to the Receptor activator of nuclear factor 
kappa-Β ligand (RANKL), and stimulates the production 
of osteoprotegerin, which helps osteoclastic apoptosis 
by osteoblasts, resulting in an antiresorptive effect.15 In 
addition, raloxifene has been reported to reduce the risk of 
spinal fractures in postmenopausal women.16 

In the uterus and breast, raloxifene binds to the estrogen 
receptor and acts as an estrogen antagonist by competing 
with estrogen. The complex formed after the binding 
of raloxifene to the estrogen receptor does not induce 
transcriptional activity in these tissues. Thus, raloxifene 
effectively inhibits the induction of classical estrogen-
response-element (ERE) containing genes, such as the 
progesterone receptor in the uterus, by competition for the 
estrogen receptor.11

Transvaginal Doppler ultrasound (TvUS) has been used 
for so many years for endometrial thickness measurement 
to assess risk for malignancy in the postmenopausal period. 
Interpretation of the uterine artery resistance index (RI) 
measurement together with endometrial thickness using 
color Doppler TVUS in the assessment of malignancy helps 
in the differentiation of malignant histopathology, especially 
at the first examination.

This study aimed to evaluate the effects of raloxifene 
treatment on the uterus with Doppler TVUS in asymptomatic 
postmenopausal patients.

METHODS

This study is a product of the first author’s specialization 
in gynecology and obstetrics thesis numbered 1175860 and 
titled “Evaluation of the effects of raloxifene treatment on 
the uterus in asymptomatic postmenopausal patients by 
transvaginal doppler ultrasonography.”

Okmeydanı Training and Research Hospital granted 
ethical approval to this prospective randomized controlled 
study (Date: 2002/5 Decision No: 797388). All procedures 
were carried out in accordance with the ethical rules and 
the principles of the Declaration of Helsinki

This study evaluated 57 healthy postmenopausal 
asymptomatic patients aged 45-60 years who applied to 
Okmeydanı Training and Research Hospital Gynecology 
and Obstetrics Outpatient Clinic between December 
2003 and February 2004. 28 patients who did not want to 
receive treatment were included in the control group, 29 
patients who agreed to receive treatment were included in 
the study group that received raloxifene 60 mg/day. Two 
patients in the control group started to receive hormone 
replacement therapy after their menopausal complaints 
predominated hence were excluded from the study. Two 
patients in the raloxifene group were excluded from the 
study because they delayed their follow-up. Finally, a total 
of 53 patients were included in the analysis, 26 patients 
in the control group and 27 patients in the raloxifene 
treatment group.

The inclusion criteria for the study sample were: 1) 
Being in natural menopause, 2) The last menstrual period 
is at least 1 year ago, 3) FSH > 30 IU/L and Estradiol 
<20pg/mL, 4) Absence of severe menopausal vasomotor 
complaints, 5) No HRT until at least 6 months before the 
start of the study, 6) Body mass index (BMI) below 30 
kg/m2, 7) No complaint of vaginal bleeding of unknown 
cause, 8) Absence of endometrial/adnexal pathology 
and fibroids larger than 3 cm, 9) Absence of systemic 
disease, 10) Absence of deep vein thrombosis and any 
other thromboembolic disease,11) Absence of alcohol 
and smoking. Healthy asymptomatic postmenopausal 
patients of whom met these criteria were enrolled in this 
prospective controlled study with a 6-month follow-up 
period. 

All patients’ information were recorded and physical 
examinations were performed before inclusion in the 
study. Patients whose bone densitometry values showed 
osteoporosis were included in the raloxifene study group. 
Those found with abnormalities in other examinations 
were excluded from the study.

Endometrial and uterine volume were evaluated using 
Doppler TVUS and endometrial biopsies were performed 
at 0 and 6 months on all patients included in the study. PI 
and RI indices were measured with Doppler TvUS. 

Evaluation of currents in Doppler was made 
with qualitative, quantitative, and semi-quantitative 
measurements. Qualitative measurements were evaluated 
by the presence of a current, the direction of the flow 
and the characteristics of the current. Quantitative 
measurements included flow rate and volume. The flow 
volume (cm3/sn) was formulated by multiplying the mean 
velocity (cm/sn) and the cross-sectional area of the vessel 
(cm²). Semi-quantitative measurements included peak 
systolic/diastolic ratio (SD), pulsatility index, also defined 
as impedance index, and RI.17-19
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Endometrial biopsies were obtained with a Pipelle 
following ultrasonographical evaluation. All biopsy specimens 
were evaluated by the same specialist pathologist. Samples 
were classified according to Blaustein’s morphological 
criteria. They were histologically divided into four categories: 
normal benign postmenopausal endometrium, benign 
stimulator postmenopausal endometrium, benign abnormal 
postmenopausal endometrium, and premalignant-malignant 
endometrial changes. 

Endometrial double-layer thickness, uterus size, volume, 
and Doppler measurements were made by a specialist 
radiologist using a 2003 model ACUSON 128 XP 30 ART 
Color Doppler US system and a 5MHz endovaginal probe. 
Considering that prolonged manipulation of the uterus 
may activate the pelvic circulation and affect the results of 
the Doppler evaluation, Doppler analysis was performed 
first during the Doppler TvUS. The ascending branches 
of the uterine artery were detected at the level of the right 
and left uterine isthmus using equal pressure at an angle 
of approximately 0 degrees using a sample volume of 2 
mm by means of color flow Doppler. Next, PI and RI were 
measured.

In the second part of the TvUS examination, uterine 
dimensions, endometrial thickness and echogenicity 
and adnexa were evaluated. All findings were recorded. 
Uterine volume was measured in the longitudinal (DI), 
anteroposterior (D2), and transverse (D3) planes of the 
uterus dimensions and was calculated by applying the DI 
*D2*D3*0.52 formula.

Statistical Analysis
SPSS for windows 10.0 statistical package program was 

used to evaluate the data. Student’s T test, Mann Whitney 
U test, Chi-Square test and Paired T tests were used for 
comparisons. p<0.05 was considered significant.

RESULTS 

The mean age at control group was 50.6±3,04 years 
and treatment group was 50±3,06 years. There was no 
statistically significant difference in terms of mean age 
(p>0.05). There was no statistically significant difference 
between the groups in terms of average height and weight 
(p>0.05).

There was no statistically significant difference between 
the groups in terms of mean body mass index (BMI), 
parity number, menopause time and endometrial thickness 
(p>0.05).

Endometrial biopsy results are presented in Table 
1. There was no statistically significant difference in 
endometrial biopsy results between the groups (p>0.05).

Table 1. Endometrial biopsy results

Endometrial biopsy

Control 
group

Treatment 
group Chi-

quare p value
n % n %

Atrophic 9 34.6 9 33.3

4,19 0,24
Inactive 9  34.6 4  14.8 
Superficial epithelium 2  7.7 6  22.2
Weak Proliferative 6 23.1 8 29.6

In Table 2, comparisons of uterus volumes between 
the groups at 0 and 6 months are presented. There was no 
statistically significant difference between the groups in the 
mean of baseline and 6th month uterus volume (p>0.05).

Table 2. Comparisons of uterus volumes between groups at 0 and 6 
months

Uterus volume
Control group Treatment group

P value
Mean±SD Mean±SD 

Baseline 48.96±10.44 52.07±17.64 0.44
6th months 48.46±10.18 50.67±16.89 0.56

In Table 3, right and left uterine artery PI and RI indices 
were compared in both groups. There was no statistically 
significant difference between the groups in terms of baseline 
right PI and right RI values (p>0.05). There was no statistically 
significant difference between the groups in terms of baseline 
left PI and left RI values (p>0.05). 

Table 3. Initial right and left uterine artery PI and RI indices of both 
groups

Baseline
Control group Treatment group

P
Mean±SD Mean±SD

Right 
PI 2.17±0.34 2.33±0.69 0.28
RI 0.83±0.04 0.84±0.05 0.66

Left
PI 2.28±0.38 2.57±0.74 0.08
RI 0.85±0.05 0.85±0.05 0.94

Right PI value is given in Figure 1, left PI value in Figure 
2, right RI value in Figure 3, left RI value in Figure 4.

Figure 1. Right PI values by groups and periods

Figure 2. Left PI values by groups and periods
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Figure 3. Right RI values by groups and periods

Figure 4. Left RI values by groups and periods

In Table 4, the PI and RI levels at 6 months of the right 
and left uterine arteries of both groups are presented. There 
was no statistically significant difference between the 
groups in terms of right PI and right RI values at 6 months 
(p>0.05). Left PI value at 6 months was significantly higher 
in the treatment group compared to the control group 
(p<0.05). There was no statistically significant difference 
between the groups in terms of RI values at 6 months 
(p>0.05).

Table 4. Right and left uterine artery PI and RI indices at 6th months 
of both groups.

6th months
Control group Treatment group

p
Mean±SD Mean ±SD

Right
PI 2.21±0.33 2.42±0.65 0.15
RI 0.84±0.04 0.85±0.04 0.41

Left
PI 2.33±0.38 2.68±0.69 0.02
RI 0.86±0.05 0.86±0.04 0.61

Table 5 shows the comparison of the baseline and 6th 
month uterine volume and Doppler results of the control 
group. There was no significant change in uterine volume 
in the control group (p>0.05). At 6 months, the right PI 
and RI values were significantly higher than at baseline 
(p<0.05 and p<0.001). At 6 months, left PI and RI values 
were significantly higher than at baseline (p<0.05 and 
p<0.001).

Table 5. Comparison of the baseline and 6th month uterine volume and 
Doppler results of the control group

Control group
Baseline 6th months

p
Mean±SD Mean±SD

Uterus volumes 48.96±10.44 48.46±10.1 0.178
Right PI 2.17±0.34 2.21±0.33 <0.001
Right RI 0.83±0.04 0.84±0.04 <0.033
Left PI 2.28±0.38 2.33±0.38 <0.001
Left RI 0.85±0.05 0.86±0.05 <0.033

Table 6. Comparison of the uterine volume and Doppler 
results of the treatment group at baseline and 6 months is 
presented. There was a significant decrease in uterine volume 
in the treatment group (p<0.001). At 6 months, the right PI 
and RI values were significantly higher than at baseline 
(p<0.05 and p<0.001). At 6 months, left PI and RI values were 
significantly higher than at baseline (p<0.05 and p<0.001).

Table 6. Comparison of the baseline and 6th month uterine volume and 
Doppler results of the treatment group

Treatment group
Baseline 6 months

p
Mean±SD Mean±SD

Uterus volumes
Right PI
Right RI
Left PI
Left RI

52.07±17.64
2.33±0.69
0.84±0.05
2.57±0.74
0.85±0.05

50.67±16.89
2.42±0.65
0.85±0.04
2.68±0.69
0.86±0.04

0,000
<0.008
0.028
0.000
0.012

DISCUSSION

In this 6-month prospective randomized controlled 
study, the effects of raloxifene on the uterus were evaluated 
by endometrial pipelle biopsy, TvUS, and Doppler TvUS. 
The results obtained after 6 months of treatment were not 
different from the control group. These results supported 
other studies claiming that raloxifene had no stimulatory 
effect on the uterus.20

Numerous studies have shown that raloxifene, a SERM, 
has no stimulatory effect on the breast. In our study, after 
6 months of treatment, the uterine volume of the patients 
decreased, and PI and RI evels increased. At the end of 6 
months, the right PI levels between the treatment group and 
the control group were clinically insignificant. As a result, 
Doppler indices in both groups showed changes suggesting 
atrophy.

In order to demonstrate the estrogen antagonistic effects 
of raloxifene in the uterus, healthy asymptomatic women 
who were by endometrial biopsy histologically diagnosed 
with benign postmenopausal endometrium at baseline, 
participated in the study. Thus, the stimulating effect of 
raloxifene on the endometrium could be easily detected.

Numerous studies have been conducted to determine the 
normal TvUS pattern of the endometrium in postmenopausal 
women. Although it is recommended to accept the 
cut-off value of the endometrium as 8 mm or above in 
postmenopausal asymptomatic women , it has been reported 
that the risk of endometrial disease is minimal when the 
endometrial thickness is less than 4 mm.21,22

In our study, the results of endometrial assessment with 
transvaginal ultrasonography after 6 months of raloxifene 
treatment did not differ from those before treatment. The 
Multiple Outcomes of Raloxifene Evaluation (MORE) 
study, which was a randomized double-blind placebo-
controlled study, conducted at 180 centers in 25 countries 
between November 1994 and September 1999 supported 
the hypothesis that raloxifene did not increase the risk of 
endometrial hyperplasia or cancer.23

Post-treatment uterine volume did not differ significantly 
from baseline levels. These results were consistent with 
the results from previous studies by Azevedo et al.24 and 
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Goldstein et al.25 Goldstein et al., reported that the use of 
raloxifene did not affect the uterine volume, but there was 
a 22% increase in uterine volume in the estrogen-treated 
group.25 Another study showed that when tamoxifen, a SERM 
drug with an estrogen agonistic effect on the uterus unlike 
raloxifene, was used, endometrial thickness and uterine 
volume increased.26

The cardiovascular effects of raloxifene are reported to be 
similar to those of estrogen.27 The results of the MORE study 
showed that raloxifene did not have a cardiovascular risk, 
but significantly reduced the risk in the group at high risk 
of cardiovascular disease.28 Another aim of our study was to 
show that besides its known cardioprotective effects, raloxifene 
does not increase blood flow in the uterine arteries and does 
not change Doppler indices, as it is a tissue-selective drug.

The onset of hypoestrogenism with menopause reduces 
the amount of blood going to the pelvic organs. This causes 
atrophy of the vaginal mucosa and lower urinary tract and 
a decrease in the volumes of the uterus and ovaries. High 
RI and PI levels detected in uterine artery Doppler analyses 
performed at this stage of women’s life indicate high vascular 
resistance.29 Although there is muchliterature on the vascular 
effects of estrogen, there is limited information on the 
vascular effects of raloxifene specifically, which is a second-
generation SERM. Most information on SERMs is about the 
effects of tamoxifen on uterine perfusion.30

There are limited studies in which uterine perfusion 
was evaluated by Doppler ultrasonography during 
raloxifene treatment. A study by Post et al.31 reported that 
postmenopausal women using 60 mg/d raloxifene did not 
show a significant difference in post-treatment PI values 
compared to the placebo group. In our study, there was no 
significant difference in Doppler indices after treatment 
compared to pretreatment. However, in the study by Post et 
al.31, it was observed that PI values decreased significantly 
when 150 mg/d raloxifene was used. In the study conducted 
by Fugere et al.32, it was shown that the use of raloxifene at 
a dose of 150 mg/d for at least 1 year did not affect uterine 
volume, endometrial thickness, and endometrial biopsy 
results. The conclusion reached in the study by Post et al.31 was 
that high-dose raloxifene treatment reduces impedance in the 
uterine arteries and may therefore provide a cardioprotective 
effect at this dose. However, it is highly controversial whether 
uterine arteries can be a suitable model for investigating 
cardioprotectivity or not. 

In our study, it was concluded that the 6-month raloxifene 
treatment administered at a dose of 60 mg/d did not stimulate 
the endometrium and did not increase the uterine volume 
and uterine blood flow. Our results supported the hypothesis 
that raloxifene has no estrogen agonistic effect on uterine 
endometrial tissue. 

CONCLUSION

In the postmenopausal period, the most important factor 
responsible for the decrease in compliance with HRT, which 
is widely used all over the world to reduce the systemic 
effects of aging, is the patient’s fear of cancer. The effects of 
estrogen-progesterone-containing combined preparations 

on the breast and cardiovascular system are controversial. 
There are studies suggesting that the progesterone 
component overshadows the beneficial effects of estrogen in 
these systems. For these reasons, new therapies alternative 
to HRT, are being trialed. In light of this information, 
Raloxifene, although not capable of soothing the vasomotor 
symptoms, can still replace HRT for its reknown benefits on 
bone mineral density, in a selected group of patiens when 
conventional HRT is contrindicated. 
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