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Abstract

Background: To retrospectively investigate the efficacy and influencing factors of tibolone and estradiol plus dydrogesterone in improv-
ing bone mineral density (BMD) in peri- and post-menopausal women, to provide a basis for clinical management. Methods: Women
aged 40-60 years who were undergoing menopausal transition or were post-menopausal, and who attended the menopause clinic at the
Shanghai Sixth People’s Hospital Affiliated to Shanghai Jiao Tong University School of Medicine, between January 3, 2011, and May
11, 2020, were included in this study. Participants received tibolone or estradiol plus dydrogesterone for the management of menopause-
related symptoms. Demographic characteristics were recorded, and BMD was measured using dual-energy X-ray absorptiometry at
baseline and at 1, 2, and 3 years post-treatment to compare the efficacy of the two treatments in improving BMD. Results: The use of
estradiol plus dydrogesterone showed an increasing trend in the BMD of the lumbar spine, total hip, and femoral neck after 1 and 2 years
of treatment, with a decrease in the third year. Tibolone treatment showed a decreasing trend in BMD after 1, 2, and 3 years, indicat-
ing that estradiol plus dydrogesterone is superior to tibolone in improving BMD. After 3 years of tibolone treatment, changes in BMD
were correlated with age, height, weight, and body mass index (BMI), whereas after 3 years of estradiol plus dydrogesterone treatment,
changes in BMD showed no significant correlation with age, height, weight, and BMI. Conclusions: Both estradiol plus dydrogesterone
and tibolone are beneficial for maintaining BMD in peri- and post-menopausal women, with estradiol plus dydrogesterone demonstrating
greater advantage over tibolone.
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1. Introduction

As the world population ages, the incidence of osteo-
porosis (OP) increases, becoming a serious health threat
to the middle-aged and older populations, with post-
menopausal women being the most significantly affected
group. OP is a skeletal system disease characterized by
decreased bone strength and an increased risk of fractures
[1]. The latest epidemiological survey in China reported
that the prevalence of OP among people >60 years old has
reached 32.0% (10.7% and 51.6% in men and women, re-
spectively), with majority of them being post-menopausal
women [2]. Bone mass loss in post-menopausal women
is related to estrogen deficiency and is a major factor in
post-menopausal OP [3]. The declining estrogen levels
disrupt the dynamic balance between bone formation—
primarily by osteoblasts—and bone resorption—mainly by
osteoclasts—Ileading to bone loss [4]. Therefore, post-
menopausal estrogen therapy is one of the main measures
for post-menopausal OP. Hormone replacement therapy is
highly effective in slowing bone loss and preventing frac-
tures in women aged <60 years or <10 years of menopause

[5].

At present, several medications for menopausal hor-
mone therapy (MHT) are available, with clinical applica-
tions in China primarily focusing on tibolone and estradiol +
dydrogesterone; the main component of tibolone is 7a-17-
hydroxy-7-methyl-19-norpregn-5(10)-en-20-yn-3-one [6].
Following drug metabolism, it exhibits distinct effects in
various organs, manifesting as estrogenic, progestagenic,
and androgenic activities. Its estrogenically active metabo-
lites have an osteogenic effect, which increases bone min-
eral density (BMD) and improves menopausal symptoms
[7]. 173-estradiol and dydrogesterone are the main compo-
nents of estradiol + dydrogesterone, and 173-Estradiol can
improve menopausal symptoms and OP.

MHT formulations vary in their ability to improve
BMD. This study aimed to compare the changes in BMD
and its differences pretreatment and at 1, 2, and 3 years post-
treatment with tibolone and estradiol + dydrogesterone in
women during menopausal transition and after menopause;
explore the similarities and differences in the efficacy of the
two drugs in improving the BMD of women; and provide
clinical evidence for evaluating the effectiveness of preven-
tion and treatment of post-menopausal OP.
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2. Participants and Methods
2.1 Participants

We conducted a retrospective review of the medical
records of peri- and post-menopausal women who visited
the menopause clinic of the Department of Gynecology and
Obstetrics at Shanghai Sixth People’s Hospital Affiliated
to Shanghai Jiao Tong University School of Medicine, be-
tween January 3, 2011, and May 11, 2020. Participants
aged 4060 years, in the menopausal transition and post-
menopausal stages according to the criteria of reproduc-
tive aging +10 [8], with normal liver and kidney func-
tions, who did not undergo hormonal therapy in the past
6 months, with no contraindications to MHT and willing to
undergo MHT, and consistently taking medications as pre-
scribed were included in the study. However, those who
have already received antibone resorption treatment, have
undergone hysterectomy and oophorectomy, are involved
in high-intensity physical activity, are smokers, and did not
undergo follow-up <1 year post-treatment were excluded.
Overall, this study included 362 eligible participants and
was approved by the Ethics Committee of the Shanghai
Sixth People’s Hospital Affiliated to Shanghai Jiao Tong
University School of Medicine (Approval number: 2023-
R02).

2.2 Grouping

According to the principles of MHT and considering
participants’ wishes, if menstruation is desired during peri-
menopause, estradiol + dydrogesterone is prescribed. How-
ever, if menstruation is not desired during peri-menopause,
tibolone is recommended—similar to when menstruation is
not desired post-menopause. When a woman aged <50
years strongly desires menstruation within 2 years post-
menopause, estradiol + dydrogesterone is prescribed. A
single oral tibolone (1012869, NV Organon, Oss, Nether-
lands), with each tablet containing tibolone 2.5 mg tablet
was administered once every day; 240 participants were in-
cluded in the tibolone group. Similarly, a single estradiol
+ dydrogesterone (362939, Abbott Biologicals B.V., Olst,
Overijssel, Netherlands), with each tablet containing 173-
estradiol 2.0 mg and dydrogesterone 10 mg tablet was ad-
ministered once every day; 122 participants were included
in the estradiol + dydrogesterone group.

2.3 Study Methods

The demographic characteristics of the participants,
including age, height, and weight, were collected us-
ing a self-designed questionnaire [9]. Body mass index
(BMI) was calculated as weight (in kilograms) divided
by the square of height (in meters). The modified Kup-
perman menopause index (KMI) was used for assessing
menopausal symptoms [10], which includes 13 items. To-
tal scores of <6, 7-15, 16-30, and >30 indicate no, mild,
moderate, and severe symptoms, respectively. Dual-energy
X-ray absorptiometry (Hologic) was used for measuring the

lumbar spine (L1-L4), left femoral neck, and total hip BMD
of the participants. Changes in BMD values and differences
from baseline to 1, 2, and 3 years post-treatment were com-
pared between the two groups.

2.4 Statistical Analysis

Statistical analyses were performed using Statistical
Package for the Social Sciences software version 26.0 (IBM
Corporation, Armonk, NY, USA). BMD was normally dis-
tributed (Kolmogorow-Smironov, KS test) and expressed
as (Z + s); pre- and post-treatment comparisons were con-
ducted using independent sample #-tests. In the demo-
graphic data, height was normally distributed and analyzed
using independent sample -tests. Age, weight, and BMI
were approximately normal distribution and are analyzed
using an independent sample #-test. Quantitative and cat-
egorical data were compared using analysis of variance
(ANOVA) and chi-square tests, respectively. Age, height,
weight, and BMI data did not follow normal distribution.
Thus, Spearman’s correlation was used to test associations.
A p-value of <0.05 was considered statistically significant,
and a p-value of <0.01 was considered highly statistically
significant.

3 Results
3.1 Demographic Characteristics

The average age of the participants was 50.905 £
5.159 years. The tibolone group included 240 participants
with an average age of 53.008 + 4.005 years. The estradiol
+ dydrogesterone group encompassed 122 participants with
an average age of 46.812 4 4.707 years, which was lower
than that of the tibolone group. Significant statistical dif-
ferences were observed between the two groups regarding
age, duration of education, employment status, and KMI
scores (p < 0.001, p = 0.008, p = 0.000, and p = 0.000,
respectively; p < 0.01). No significant statistical differ-
ences were noted between the two groups regarding height,
weight, BMI, marital status, and fertility status (p = 0.292,
p=0.350, p=0.585, p=0.093, and p = 0.064, respectively;
p > 0.05) (Table 1).

3.2 Analysis of BMD Values Pre- and Post-Treatment In
Both Groups

3.2.1 Changes in Total Hip BMD Pre- and Post-Treatment
in Both Groups

No statistically significant differences were noted be-
tween the total hip BMD and baseline for the 2-year treat-
ment. In the estradiol + dydrogesterone group, total hip
BMD slightly increased by 0.87% and 1.3% after 1- and
2 years of treatment, respectively, compared to baseline,
with a partial decrease (0.43%) after 3 years (Fig. 1). Con-
versely, in the tibolone group, the total hip BMD decreased
by 0.22%, 0.67%, and 1.01% after 1, 2 and 3 years of treat-
ment (Fig. 1), respectively. The differences in total hip
BMD values between the two groups were statistically sig-
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Table 1. Analysis of demographic characteristics between the two groups (z =+ s).

Total (362) Estradiol + Dydrogesterone (122)  Tibolone (240)
Item p-value

Value/cases (%) Value/cases (%) Value/cases (%)

Age (years) 50.905 £+ 5.159 46.812 £ 4.707 53.008 £ 4.005 <0.001
Height (cm) 158.886 + 5.477 158.475 £ 5.671 159.110 £ 5.375  0.292
Weight (kg) 57.028 + 7.762 56.486 + 8.331 57.319 £7.459  0.350
BMI (kg/m?) 22.571 +2.682 22.458 + 2.661 22.628 +2.696  0.585
Marital status Married 352 (100.0) 116 (33.0) 236 (67.0) 0.093
Unmarried (including divorced) 10 (100.0) 6 (60.0) 4 (40.0)
Education duration <9 years 58 (100.0) 18 (31.0) 40 (69.0) 0.008
10 years < Duration < 14 years 121 (100.0) 29 (24.0) 92 (76.0)
>14 years 183 (100.0) 75 (41.0) 108 (59.0)
Fertility status Childless 28 (100.0) 13 (46.4) 15 (53.6) 0.064
1 Child 297 (100.0) 92 (31.0) 205 (69.0)
>1 Child 37 (100.0) 17 (45.9) 20 (54.1)
Employment status Employed 210 (100.0) 107 (50.9) 103 (49.1) 0.000
Not employed (retired + unemployed) 152 (100.0) 15(9.9) 137 (90.1)
KMI score KMI total score <6 Score 30 (100.0) 19 (63.3) 11 (36.7) 0.000
KMI total score 6-15 121 (100.0) 50 (41.3) 71 (58.7)
KMI total score 16-30 177 (100.0) 46 (26.0) 131 (74.0)
KMI total score >30 34 (100.0) 7 (20.6) 27 (79.4)

Note: the data for height follow a normal distribution and are analyzed using an independent sample #-test. Age, weight, and BMI were approxi-
mately normal distribution and were analyzed using an independent sample 7-test. The remaining data, including marital status, and employment
status, are analyzed using the continuity correction chi-square tests. Education Duration, total KMI scores are analyzed using chi-square tests.

BMI, body mass index; KMI, Kupperman menopause index.

nificant after 1, 2, and 3 years of treatment (p = 0.013, p =
0.020, and p = 0.024, respectively; p < 0.05). The differ-
ences in the increase in total hip BMD values between the
two groups were statistically significant after 1 and 2 years
of treatment (p = 0.048 and p = 0.020, respectively; p <
0.05). A statistically significant difference in baseline total
hip BMD values was observed in both groups, but no sta-
tistical difference was found in the increase in these values
after 3 years of treatment (p > 0.05) (Table 2).

3.2.2 Changes in Femoral Neck BMD Before and After
Treatment in Both Groups

No statistically significant differences were observed
between the two groups regarding the initial baseline
femoral neck BMD and baseline for 2 years of treatment (p
=0.200 and p = 0.302, respectively). The estradiol + dydro-
gesterone group showed a slight increase in femoral neck
BMD after 1 and 2 years compared with that at baseline
(0.95% and 0.46%), whereas a slight decrease was noted af-
ter 3 years (1.68%) (Fig. 2). In contrast, the tibolone group
exhibited a slight decrease in femoral neck BMD after 1, 2,
and 3 years (0.95%, 1.77%, and 2.13%) (Fig. 2). Differ-
ences in the increase in femoral neck BMD after 1 and 2
years of treatment were observed between the two groups
(»p=10.010 and p = 0.011, respectively; p < 0.05); however,
no statistically significant difference in the increase after the
3-year treatment was noted (p = 0.646; p > 0.05) (Table 3).
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3.2.3 Changes in Lumbar Spine (L1-L4) BMD Pre- and
Post-Treatment in the Two Groups

No statistically significant differences were noted be-
tween the two groups regarding the initial baseline lum-
bar spine BMD for the 2-year treatment (p = 0.165). The
estradiol + dydrogesterone group showed increased lumbar
spine (L1-L4) BMD after 1 and 2 years (1.45% and 1.40%)
(Fig. 3). After 3 years of treatment, a slight decrease in lum-
bar spine (L1-L4) BMD was observed (0.18%) (Fig. 3).
The tibolone group exhibited a decrease in lumbar spine
(L1-L4) BMD after 1, 2, and 3 years (0.097%, 0.67%, and
1.26%) (Fig. 3). The difference in the increase in lumbar
spine (L1-L4) BMD between the two groups after 2 years
of treatment was statistically significant (p = 0.013; p <
0.05). No statistically significant difference in the increase
in lumbar spine (L1-L4) BMD after 1 and 3 years of treat-
ment was observed (p = 0.076 and p = 0.447, respectively;
p > 0.05) (Table 4).

3.3 Analysis of Factors Related to Changes in BMD After
the 3-Year Treatment

3.3.1 Analysis of Factors Related to Changes in BMD at
Different Sites After the 3-Year Treatment

The ANOVA results indicated that marital status (p
=0.139, p = 0.164, and p = 0.604), duration of education
(»p = 0.756, p = 0.282, and p = 0.432), fertility status (p =
0.404 and p = 0.939, p = 0.926), KMI score (p = 0.954, p =
0.726, and p = 0.836), and employment status (p = 0.772, p
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Fig. 1. Comparison of total hip bone mineral increments between the estradiol + dydrogesterone and tibolone groups.

Table 2. Changes in total hip BMD Pre- and Post-treatment in both groups (Z =+ s).

Total Hip Bone Mineral Density Total Estradiol + Dydrogesterone Tibolone p-value
Number of Cases 362 122 240
Before Treatment 0.903 + 0.124 0.917 £ 0.129 0.895 + 0.121 0.109
After 1 Year of Treatment 0.904 +0.118 0.926 +0.118 0.893 £ 0.117 0.013
Increase After 1 Year of Treatment 0.001 £ 0.047 0.008 £+ 0.053 —0.002 + 0.044 0.048
Number of Cases 241 84 157
Baseline for 2-Year Treatment Cases ~ 0.902 + 0.133 0.914 £ 0.139 0.895 £ 0.129 0.274
After 2 Years of Treatment 0.902 + 0.121 0.927 £ 0.117 0.889 + 0.122 0.020
Increase in 2-Year Treatment Cases 0.0002 4+ 0.058 0.012 + 0.069 —0.006 + 0.051 0.020
Number of Cases 172 44 128
Baseline for 3-Year Treatment Cases ~ 0.906 + 0.126 0.938 +£0.119 0.895 + 0.126 0.047
After 3 Years of Treatment 0.899 + 0.122 0.934 £ 0.117 0.886 £ 0.122 0.024
Increase After 3 Years of Treatment —0.008 + 0.045 —0.004 + 0.033 —0.009 + 0.048 0.574

Note: The increments in total hip BMD after 1, 2, and 3 years are the differences in BMD values at 1, 2, and 3 years post-

treatment compared with the baseline total hip BMD at the first diagnosis, 2 years prior, and 3 years prior, respectively. The

total hip BMD values conform to a normal distribution. Comparisons of BMD between the estradiol + dydrogesterone and

tibolone groups are performed using an independent sample ¢-test for computational analysis. BMD, bone mineral density.

=0.604, and p = 0.962) were not associated with changes in
BMD at various sites after 3 years (p > 0.05; Supplemen-
tary Table 1). Furthermore, marital status (p = 0.798, p =
0.630, and p = 0.268), duration of education (p = 0.801, p =
0.396, and p = 0.217), fertility status (p = 0.803, p = 0.780,
and p = 0.551), KMI score (p = 0.596, p =0.723, and p =
0.300), and employment status (p = 0.410, p = 0.309, and p
= 0.305) were not associated with the increase in BMD at
various sites after 3 years (p > 0.05, Supplementary Ta-
ble 2). Spearman’s correlation showed that age influenced
changes in total hip and lumbar spine (L1-L4) BMD after
3 years of treatment (p = 0.040 and p = 0.044, respectively;
p < 0.05; Supplementary Table 3). Furthermore, height
was correlated with changes in femoral neck, total hip, and
lumbar spine (L1-L4) BMD after 3 years of treatment (p
=0.008, p = 0.014, and p = 0.002, respectively; p < 0.05;

Supplementary Table 3). Weight was correlated with the
increase in femoral neck, total hip, and lumbar spine (L1-
L4) BMD after 3 years of treatment (p = 0.018, p = 0.022,
and p = 0.011, respectively; p < 0.05; Supplementary Ta-
ble 3). BMIs were correlated with the increase in femoral
neck, total hip, and lumbar spine (L1-L4) BMD after 3
years of treatment (p = 0.003, p = 0.002, and p = 0.004,
respectively; p < 0.05; Supplementary Table 3). No pa-
tients with nontraumatic fractures were observed during this
period.

3.3.2 Analysis of Factors Related to Changes in BMD at
Different Sites After 3 Years of Estradiol +
Dydrogesterone Treatment

ANOVA results indicated that fertility status affected
total hip BMD (p =0.048; p < 0.05; Supplementary Table
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Fig. 2. Comparison of femoral neck bone mineral density increments between the estradiol + dydrogesterone and tibolone groups.

Table 3. Changes in femoral neck BMD pre- and post-treatment in both groups (Z £ s).

Femoral neck bone mineral density Total Estradiol + Dydrogesterone Tibolone p-value
Number of Cases 362 122 240
Before Treatment 0.846 + 0.127 0.858 +0.134 0.840 £+ 0.123 0.200
After 1 Year of Treatment 0.842 + 0.121 0.862 £ 0.126 0.832 £ 0.118 0.025
Increase After 1 Year of Treatment —-0.002 £ 0.056 0.008 £+ 0.058 —0.008 + 0.054 0.010
Number of Cases 241 84 157
Baseline for 2-Year Treatment Cases 0.852 + 0.128 0.864 + 0.139 0.846 + 0.122 0.302
After 2 Years of Treatment 0.845 £ 0.117 0.869 + 0.117 0.832 + 0.116 0.017
Increase in 2-Year Treatment Cases —0.007 + 0.057 0.004 £+ 0.063 —0.015 + 0.053 0.011
Number of Cases 172 44 128
Baseline for 3-Year Treatment Cases ~ 0.859 4+ 0.117 0.894 +0.110 0.846 + 0.118 0.020
After 3 Years of Treatment 0.841 £ 0.115 0.879 £ 0.114 0.828 + 0.113 0.011
Increase After 3 Years of Treatment — —0.017 £ 0.045 —0.015 £ 0.038 —0.018 + 0.047 0.646

The increments in femoral neck BMD at 1, 2, and 3 years post-treatment are the differences between the femoral neck BMD
values at these respective timepoints and the initial femoral neck BMD at diagnosis, and at 2 and 3 years prior. Femoral neck
BMD values are normally distributed. Comparisons of bone density between the estradiol + dydrogesterone and tibolone
groups are performed using an independent sample #-test for calculation and analysis.

4). Education duration was related to the increment in lum-
bar spine (L1-L4) BMD after 3 years (p = 0.02; p < 0.05;
Supplementary Table 5). Spearman’s correlation analysis
showed that age, height, weight, and BMI were not signifi-
cantly correlated with the changes in the femoral neck, total
hip, and lumbar spine (L1-L4) BMD or their increments af-
ter 3 years (p > 0.05; Supplementary Table 6).

3.3.3 Analysis of Factors Related to Changes in BMD at
Different Sites After 3 Years of Tibolone Treatment

The ANOVA results indicated that marital status in-
fluenced the femoral neck and total hip BMD (p < 0.05);
however, education duration, reproductive history, KMI
score, and occupational status were not significantly re-
lated to the changes in BMD at different sites after 3 years

&% IMR Press

(p > 0.05; Supplementary Tables 7,8). Spearman’s cor-
relation analysis showed that age was significantly corre-
lated with the increment in the lumbar spine (L1-L4) BMD
(p < 0.05; Supplementary Table 9). Height affected the
femoral neck, total hip, and lumbar spine (L1-L4) BMD
after 3 years (p < 0.05; Supplementary Table 9). Weight
and BMI were significantly correlated with the changes and
increments in the femoral neck, total hip, and lumbar spine
(L1-L4) BMD after 3 years (p < 0.05; Supplementary Ta-
ble 9).

4. Discussion

Estrogen is closely associated with bone metabolism
[11]. Following the menopausal transition, estrogen levels
rapidly decrease with decreasing ovarian function, directly
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Fig. 3. Comparison of lumbar spine (L1-L4) bone mineral density increments between the estradiol + dydrogesterone and ti-

bolone groups.

Table 4. Changes in lumbar spine (L1-L4) BMD pre- and post-treatment in both groups (z =+ s).

Lumbar 1~4 bone mineral density Total Estradiol + Dydrogesterone Tibolone p-value
Number of Cases 362 122 240
Before Treatment 1.044 £ 0.163 1.068 £+ 0.163 1.031 £ 0.162 0.039
After 1 Year of Treatment 1.048 £ 0.161 1.084 + 0.168 1.030 + 0.154 0.002
Increase After 1 Year of Treatment 0.004 + 0.084 0.0155 £ 0.110 —0.001 + 0.067 0.076
Number of Cases 241 84 157
Baseline for 2-Year Treatment Cases 1.049 £ 0.164 1.069 + 0.169 1.038 £ 0.161 0.165
After 2 Years of Treatment 1.049 + 0.157 1.083 £ 0.161 1.031 £ 0.152 0.013
Increase in 2-Year Treatment Cases 0.0005 4+ 0.073 0.015 £+ 0.066 —0.007 + 0.075 0.025
Number of Cases 172 44 128
Baseline for 3-Year Treatment Cases 1.049 + 0.163 1.093 + 0.162 1.034 £+ 0.162 0.038
After 3 Years of Treatment 1.039 + 0.160 1.09 4+ 0.159 1.021 + 0.157 0.013
Increase After 3 Years of Treatment -0.010 + 0.074 —0.002 + 0.059 -0.013 +0.079 0.447

The increments in lumbar spine (L1-L4) BMD after 1, 2, and 3 years are the differences between the BMD values at those

timepoints and the initial values at diagnosis, 2 years prior, and 3 years prior, respectively. Lumbar spine (L1-L4) BMD

values follow a normal distribution, and comparisons of BMD between the estradiol + dydrogesterone and tibolone groups

are performed using independent sample ¢-tests for computational analysis.

leading to bone loss. Reportedly, the cumulative loss rate
of lumbar spine BMD over a 10-year post-menopause is
10.6%, of which 7.38% is lost during the menopausal tran-
sition [12]. Moreover, the loss of BMD in the femoral neck
is 9.1%; of which 5.8% occurs during the transition period
[12]. Therefore, preventing and treating menopause-related
OP during and after the menopausal transition is essential.
Since the 1930s, estrogen can reportedly be used to treat
bone loss due to declining ovarian function and improve
other menopause-related issues [13]. With the continuous
development of estrogen preparations and decades of clini-
cal practice, MHT has become an integral part of the health
strategy for women during and after the menopausal tran-

sition [14]. Menopausal estrogen therapy can reduce frac-
tures in the lumbar spine, total hip, and other areas prone to
post-menopausal OP—a considerable disease affecting the
health of middle-aged and older women [15].

However, different formulations and dosages of estro-
gen vary in effectiveness for treating and preventing post-
menopausal OP. Currently, frequently used menopausal es-
trogen therapy formulations in China include 173-estradiol
+ dydrogesterone and tibolone; although tibolone is not
an estrogen—progestogen therapy, it exerts estrogenic, pro-
gestogenic, and androgenic effects following metabolism.
178-estradiol + dydrogesterone is the preferred choice for
peri-menopausal women and can also be used by post-
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menopausal women who desire “menstrual” bleeding. Ti-
bolone is the preferred choice for post-menopausal women;
in addition, it can be used by peri-menopausal women who
do not wish to have menstrual bleeding. A study has re-
ported that using 173-estradiol + dydrogesterone 2 mg can
increase vertebral and femoral neck BMD by 6.7% and
2.5%, respectively [15]. After 8 years of using tibolone,
compared with the baseline, the average lumbar spine and
femoral neck BMD increased by 4.1% and 4.6%, respec-
tively [16]. However, clinical evidence on the impact of
173-estradiol + dydrogesterone and tibolone on the BMD
of women in China during and after the menopausal transi-
tion is yet to be determined.

We accomplished this by conducting a real-world clin-
ical study. This study is a real-world clinical trial based
on the principles of MHT and preferences of women, treat-
ing those in peri- and post-menopause with 173-estradiol +
dydrogesterone and tibolone. According to the therapeu-
tic regimen, we divided them into two groups: estradiol
+ dydrogesterone and tibolone. Although age discrepan-
cies were noted, no significant difference was observed in
their baseline total hip and femoral neck BMD. Changes in
BMD indicated that the estradiol + dydrogesterone group
showed increases in lumbar (1.45% and 1.40%), total hip
(0.87% and 1.3%), and femoral neck (0.95% and 0.46%)
BMD after 1 and 2 years of treatment; however, the de-
clines in the third year were 0.18%, 0.43%, and 1.68%, re-
spectively (Figs. 1,2,3). Overall, the tibolone group showed
a decrease, indicating that estradiol + dydrogesterone treat-
ment is superior to tibolone treatment in improving femoral
neck and lumbar spine BMD in peri- and post-menopausal
women. Although the tibolone group exhibited a decreas-
ing trend in lumbar spine and hip BMD, the magnitude of
the decrease in lumbar spine and hip BMD after menopause
was significantly reduced compared with those reported in
previous studies. Lester and Coleman [17] reported that
menopause is linked to a swift decline in bone mass, leading
to a reduction of up to 3% per year during the first 5 years
following its occurrence. This study showed that both drugs
were beneficial for post-menopausal OP.

To analyze the efficacy and dosage, we used 1703-
estradiol 2 mg, which is the standard dosage for peri-
menopausal women. Although tibolone 2.5 mg is a stan-
dard dose, it is primarily intended for the post-menopausal
population, suggesting that its estrogenic effect should be
lower than that of 175-estradiol 2 mg; therefore, its BMD
improvement is less than that of 173-estradiol 2 mg. This
study indirectly demonstrated the impact of drug dosage on
BMD improvement; however, further high-level and large-
sample studies are required to confirm this.

Considering the treatment duration, 173-estradiol 2
mg showed an increasing trend 1 and 2 years post-
treatment; however, a decreasing trend was observed in the
third year of treatment, indicating that the effective dura-
tion of menopausal estrogen therapy is 1-2 years. As age
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increases and treatment duration extends, BMD shows a de-
clining trend, suggesting that this finding may be related to
patient aging; however, further studies are necessary.

Correlation analysis showed that the treatment effect
of the 173-estradiol + dydrogesterone group was not re-
lated to major indicators, such as age and BMI. The treat-
ment effect of the tibolone group was related to age and
BMI. This study, which is based on real-world data and in-
volves a small sample size, employed a retrospective de-
sign and, thus, inherently carries certain limitations. Fur-
thermore, the absence of multivariate analysis in this study
precluded the exclusion of potential confounding factors
that may have concurrently influenced the independent
and dependent variables, introducing bias into the results.
Consequently, we recommend that future research adopt a
prospective study design and expand the sample size to fur-
ther explore the relationship and impact of the two drugs on
BMD for clinical guidance in post-menopausal OP preven-
tion and treatment.

5. Conclusions

We found that estradiol + dydrogesterone is superior to
tibolone in improving BMD. After 3 years of tibolone treat-
ment, changes in BMD were correlated with age, height,
weight, and BMI, whereas after 3 years of estradiol + dy-
drogesterone treatment, changes in BMD showed no signif-
icant correlation with age, height, weight, and BMI.
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