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Abstract: Objective: To explore the efficacy and safety of tibolone combined with zoledronic acid in the treatment 
of postmenopausal osteoporosis (PMO). Methods: We conducted a retrospective analysis of 121 PMO patients 
from March 2019 to July 2021. Patients were divided into two groups based on treatment regimen: an observa-
tion group (n=62) receiving zoledronic acid combined with tibolone and a control group (n=59) receiving tibolone 
monotherapy. We evaluated and compared therapeutic efficacy, bone mineral density, bone metabolism markers 
(osteocalcin, serum C-terminal telopeptide of type I collagen, and bone alkaline phosphatase), pain, knee joint func-
tion, incidence of fragility fractures, and adverse reactions. Logistic regression analysis was used to evaluate risk 
factors affecting treatment efficacy. Results: The observation group showed a significantly higher therapeutic effect 
(96.77%) compared to the control group (83.05%), and a lower incidence of fragility fractures (P=0.012). Before 
treatment, there were no significant differences in bone mineral density, bone metabolism markers, pain status, or 
knee function between the two groups (all P>0.05). However, after treatment, evaluations showed marked improve-
ments in these parameters in both groups, with more significant enhancements observed in the observation group 
(all P<0.001). The incidence of adverse reactions did not significantly differ between the groups (20.97% vs 13.56%, 
P=0.282). Logistic regression analysis identified the use of tibolone combined with zoledronic acid as a protective 
factor for effective treatment. Conclusions: Tibolone combined with zoledronic acid significantly increases bone 
mineral density, improves bone metabolism, and reduces pain in PMO patients, with a safety profile comparable to 
that of monotherapy. This regimen should be considered for clinical use in treating PMO.
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Introduction

As a metabolic skeletal disease, osteoporosis 
is characterized by decreased bone mass, 
deterioration of bone tissue microstructure, 
and increased skeletal fragility, leading to  
fractures [1]. In China, the prevalence of osteo-
porosis is rising due to population aging, par-
ticularly among postmenopausal women [2]. 
The decline in ovarian function and rapid estro-
gen loss result in higher bone resorption than 
bone formation, thereby increasing osteoporo-
sis incidence [3, 4]. Postmenopausal osteopo-
rosis (PMO) significantly affects the quality of 
life of middle-aged and elderly women [5]. 
Consequently, delaying osteoporosis progres-
sion, reducing fracture risks, and enhancing 

patient life quality are crucial objectives in 
healthcare [6].

Currently, clinical treatments for PMO typically 
involve anti-osteoporosis drugs such as calci-
um supplements, vitamin D, bisphosphonates, 
and estrogens [7]. Tibolone, a synthetic 19-car-
bon steroid, rapidly metabolizes into estrogen 
and progesterone after ingestion, stabilizing 
the hypothalamic-pituitary axis and increasing 
bone mineral density (BMD) [8]. Estrogen pro-
motes osteoblast activity, while progesterone 
helps maintain peak bone mass [9]. Additionally, 
tibolone alleviates various symptoms associat-
ed with natural and surgical menopause, includ-
ing hot flashes, mood fluctuations, and night 
sweats [10]. Zoledronic acid, a third-generation 
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bisphosphonate, not only enhances BMD in 
postmenopausal women with osteoporosis and 
fragility fractures but also improves bone 
metabolism markers and reduces the risk of 
vertebral fractures [11]. Zoledronic acid is rap-
idly absorbed by bone tissue, inhibiting bone 
resorption and increasing BMD [12].

However, the effectiveness of combining tibo-
lone with zoledronic acid for PMO treatment 
has not yet been explored. Existing clinical 
approaches mainly focus on monotherapy, with 
limited research on the necessity and out-
comes of combination therapy. This study, 
therefore, aims to fill this gap by evaluating  
the efficacy and safety of tibolone and zole-
dronic acid as combined treatment, thereby 
providing additional clinical treatment options 
for PMO.

Materials and methods

Clinical information

Data from 121 patients with PMO treated at 
Zhejiang Jiashan County First People’s Hos- 
pital between March 2019 and July 2021 were 
retrospectively analyzed. Patients were allocat-
ed to either an observation group (receiving 
combined treatment with zoledronic acid and 
tibolone; n=62) or a control group (receiving 
tibolone monotherapy; n=59), based on their 
treatment regimen. 

Inclusion criteria: (1) Diagnosis of osteoporosis 
and natural menopause for over 12 months; (2) 
Complete case data; (3) No contraindications 
to study medications; (4) Absence of other 
orthopedic diseases; (5) Clear consciousness, 
and normal cognitive and communication abili-
ties; (6) Complete and standardized medical 
records, including medical history, laboratory, 
and imaging results. 

Exclusion criteria: (1) Use of other drug thera-
pies within the last six months; (2) Secondary 
osteoporosis; (3) Severe liver or kidney dys-
function; (4) Autoimmune diseases; (5) Mali- 
gnant tumors; (6) Incomplete clinical data. The 
study was approved by the medical ethics  
committee of Zhejiang Jiashan County First 
People’s Hospital and adhered to the De- 
claration of Helsinki. 

Treatment methods

All patients received oral calcitriol 0.25 μg/day 
[Italy HOSPIRA S.P.A. (AbbVie Pte. Ltd.), regis-
tration number H20160340] and calcium  
carbonate D3 tablets 600 mg/day (Wyeth 
Pharmaceutical Co., Ltd., SFDA Approval No. 
H10950029). In addition, the control group 
received oral tibolone 2.5 mg/day (Beijing  
Zizhu Pharmaceutical Co., Ltd., H20020198) 
[13]. The observation group was treated with 
intravenous zoledronic acid 5 mg/year (Swit- 
zerland Novartis Pharma Stein AG, registration 
number H20150049) alongside the calcitriol 
and calcium carbonate D3 tablets, and oral 
tibolone was administered at a reduced dose of 
1.25 mg/day. Efficacy was evaluated after one 
year of treatment.

Data collection

Data from eligible patients were collected  
from medical records and included variables 
such as age, duration of menopause, body 
mass index, smoking history, diabetes, hyper-
tension, and year of menopause onset. Post-
treatment data collected encompassed treat-
ment efficacy, changes in BMD, bone metabo-
lism markers, the visual analogue scale (VAS) 
score, the Lysholm knee score, the incidence of 
fragility fractures, and adverse reactions.

Outcome measures

(1) Therapeutic Effects [14]: Classified into 
three categories: Markedly Effective: Signifi- 
cant improvement in clinical symptoms, BMD, 
and bone pain scores post-treatment. Effective: 
Improvement in clinical symptoms, BMD, and 
bone pain scores post-treatment. Ineffective: 
No improvement or worsening of clinical symp-
toms, BMD, and bone pain scores.

The total response rate was calculated as 
(number of markedly effective responses + 
effective responses)/total cases × 100%.

(2) BMD: Measured using dual-energy X-ray 
absorptiometry (Henan Xinmeikang Trading 
Co., Ltd., EXA-3000) at the lumbar spine and 
hip, pre- and post-treatment.

(3) Bone Metabolic Function Indexes: Including 
osteocalcin, serum C-terminal telopeptide of 
type I collagen (CTX), and bone alkaline phos-
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phatase (BALP), assessed using enzyme-link- 
ed immunosorbent assay kits (Shanghai 
Qincheng Biotechnology Co., Ltd., QC14314-B, 
QC14096-A, QC3130-B).

(4) Pain Assessment: Utilizing the VAS [15] pre- 
and 1 year post-treatment. Scores range from 
0-10, with higher scores indicating more severe 
pain.

(5) Knee Joint Function: Evaluated using the 
Lysholm knee score [16] which assesses pain, 
swelling, lameness, and other factors. Scores 
out of 100, higher scores indicate better 
function.

(6) Incidence of Fragility Fractures and Adverse 
Reactions: Both the incidence of fragility frac-
tures and adverse reactions, including head-
ache, gastrointestinal discomfort, muscle and 
joint pain, and vaginal bleeding, were recorded 
and compared between the two groups.

Primary outcomes focused on therapeutic 
effects and changes in BMD. Secondary out-
comes assessed changes in osteocalcin, bone 

metabolic function indexes (CTX and BALP), 
VAS scores, and the incidence of adverse 
reactions.

Statistical methods

Data were analyzed using SPSS 19.0, with fig-
ures plotted using GraphPad 8. Count data 
were expressed as percentages and analyzed 
using the Chi-square test. Continuous data 
were expressed as Mean ± Standard Error of 
Mean (SEM), compared between and within 
groups before and after treatment using inde-
pendent sample t-tests and paired t-tests, 
respectively. Logistic regression analysis was 
used to identify factors influencing treatment 
efficacy. A p-value <0.05 was considered statis-
tically significant.

Results

Comparison of general information

No significant differences were observed in 
sex, age, and years of menopause between the 

Table 1. Comparison of general information
Factor Observation Group (n=62) Control Group (n=59) t/χ2 P
Age (year) 0.030 0.864
    ≤56 23 (37.10) 21 (35.59)
    >56 39 (62.90) 38 (64.41)
Age (year) 57.31±8.09 57.61±7.62 0.210 0.834
Duration of menopause (months) 4.85±2.19 4.90±2.45 0.118 0.906
BMI (Kg/m2) 0.036 0.850
    ≤23 30 (48.39) 28 (47.46)
    >23 32 (51.61) 31 (52.54)
BMI (Kg/m2) 23.27±2.31 22.87±1.81 1.057 0.293
Smoking History 0.001 0.995
    Yes 20 (32.26) 19 (32.20)
    No 42 (67.74) 40 (67.80)
Diabetes 0.003 0.975
    Yes 24 (38.71) 23 (38.98)
    No 38 (61.29) 36 (61.02)
Hypertension 0.004 0.983
    Yes 23 (37.10) 22 (37.29)
    No 39 (62.90) 37 (62.71)
Menopause Years 0.023 0.880
    ≤4 25 (40.32) 23 (38.98)
    >4 37 (59.68) 36 (61.02)
Note: BMI, body mass index.
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groups, ensuring comparability (all P>0.05, 
Table 1).

Comparison of therapeutic efficacy

After treatment, the observation group record-
ed 38 markedly effective, 22 effective, and 2 
ineffective cases, whereas the control group 
had 25 markedly effective, 24 effective, and  
10 ineffective cases. The observation group 
demonstrated significantly higher therapeutic 
efficacy compared to the control group 
(P=0.012, 96.77% vs 83.05%, Table 2).

Comparison of BMD before and after treat-
ment

Initially, there was no significant difference in 
the BMD of the lumbar spine and hip be- 
tween the two groups (P=0.363). However, 
both groups exhibited statistically significant 
increases in BMD after treatment (P<0.001), 
with more pronounced improvement observ- 
ed in the observation group (P<0.001, Figure 
1).

Comparison of bone metabolic function index-
es before and after treatment

Before treatment, no notable difference was 
observed in osteocalcin, CTX and BALP bet- 
ween the groups (both P>0.05). Post-treatment, 
these indexes decreased significantly in both 
groups, with the observation group showing 
lower levels compared to the control group 
(both P<0.001, Figure 2).

Comparison of VAS scores before and after 
treatment

No significant differences were noted in VAS 
scores between the groups before treatment 
(P=0.646). However, both groups experienced 
a decrease in scores after one year of treat-
ment, with a more notable reduction in the 
observation group (P<0.001, Table 3).

Evaluation of knee joint function before and 
after treatment

Before treatment, there were no significant dif-
ferences in Lysholm knee scores between the 

Table 2. Comparison of therapeutic efficacy
Therapeutic Efficacy Observation Group (n=62) Control Group (n=59) χ2 P
Markedly Effective 38 (61.29) 25 (42.37) 8.033 0.018
Effective 22 (35.48) 24 (40.68)
Ineffective 2 (3.23) 10 (16.95)
Response rate 60 (96.77) 49 (83.05) 6.373 0.012

Figure 1. Comparison of bone mineral density before and after treatment. A: Comparison of lumbar vertebrae bone 
mineral density before and after treatment between the two groups of patients; B: Comparison of hip bone mineral 
density before and after treatment between the two groups of patients. Note: * indicates P<0.05.
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groups (P=0.464). After one year of treatment, 
both groups showed increased Lysholm knee 

the control group were 2, 2, 3, and 1. There was 
no significant increase in the overall incidence 

Figure 2. Comparison of bone metabolic func-
tion indexes before and after treatment. A: 
Comparison of osteocalcin before and after 
treatment; B: Comparison of CTX before and 
after treatment; C: Comparison of BALP before 
and after treatment. Note: * indicates P<0.05. 
CTX, C-terminal telopeptide of type I collagen; 
BALP, bone alkaline phosphatase.

Table 3. Comparison of VAS scores before and after treat-
ment

When Observation 
Group (n=62)

Control 
Group (n=59) t P

Before Treatment 7.35±0.91 7.42±0.75 0.460 0.646
After Treatment 1.42±0.50 2.46±0.50 11.437 <0.001
t 44.970 42.267 - -
P <0.001 <0.001 - -
Note: VAS, Visual Analogue Scale.

scores, with a more substantial 
improvement observed in the obser-
vation group (P<0.001, Table 4).

Comparison of incidence of fragility 
fractures

After treatment, the incidence of fra-
gility fractures was significantly high-
er in the control group at 20.34% 
(12/59) compared to 6.45% (4/62)  
in the observation group (P=0.024, 
Table 5).

Comparison of incidence of adverse 
reactions

In the observation group, the inci-
dences of headache, intestinal dis-
comfort, muscle and joint pain, and 
vaginal bleeding were 3, 3, 4, and 3, 
respectively. Corresponding data in 

Table 4. Comparison of knee joint function before and after 
treatment

When Observation 
Group (n=62)

Control 
Group (n=59) t P

Before Treatment 46.47±2.51 46.14±2.43 0.734 0.464
After Treatment 84.95±2.77 73.24±3.35 20.692 <0.001
t 81.056 50.298 - -
P <0.001 <0.001 - -
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of adverse reactions in the observation group 
compared to the control group (P=0.282, 
20.97% vs. 13.56%). All reported symptoms 
were mild, subsided spontaneously without 
specific treatment, and did not interfere with 
ongoing therapy (Table 6).

Analysis of factors influencing treatment ef-
ficacy

Based on treatment outcomes (Table 2), 
patients were divided into effective (n=109) 
and ineffective (n=12) groups. A comparative 
analysis of baseline data revealed significant 
differences in treatment modalities between 
these groups (Table 7). Logistic regression 
analysis identified the combination of tibolone 
and zoledronic acid as a protective factor for 
effective treatment (Table 8).

Discussion

Osteoporosis, a disease that predominantly 
affects elderly and postmenopausal women, is 
characterized by joint pain, limited mobility, and 
varying degrees of fractures [17], significantly 
compromising patient quality of life [18]. It is 
crucial to analyze the underlying causes of PMO 
and implement effective treatment.

For the treatment of PMO, clinically used anti-
osteoporosis drugs include calcium prepara-
tions, vitamin D, bisphosphonates, and estro-
gens [19]. Tibolone, a synthetic 19-carbon ste-
roid, is metabolized into estrogen and proges-
terone after absorption, although it initially 
lacks effective hormonal activity. Its therapeu-

suggests that the combined therapy of tibolone 
and zoledronic acid significantly improves bone 
metabolism and provides superior therapeutic 
effects compared to tibolone monotherapy. 
Various treatment options are recommended 
for postmenopausal women with osteoporosis, 
including selective estrogen receptor modula-
tors (SERMs), bisphosphonates, parathyroid 
hormone peptides, denosumab, romosozumab, 
and other pharmacological interventions like 
hormone therapy [23]. Hormone therapy is 
effective in preventing accelerated bone turn-
over and loss across all skeletal sites and 
reduces the risk of both vertebral and nonver-
tebral fractures, regardless of baseline BMD. 
However, due to estrogen sensitivity leading to 
breast and endometrial cancers and adverse 
effects such as weight gain, bloating [24], and 
unexpected bleeding [25], hormone therapy 
has specific contraindications. In contrast, tibo-
lone, with a structure distinct from estrogens 
and SERMs, offers efficacy comparable to  
conventional hormone therapy without stimu-
lating the breast and endometrium, and it 
induces less unscheduled bleeding [26]. Re- 
search indicates that tibolone is a viable alter-
native for managing menopausal symptoms 
and protecting bone health [27].

Additionally, compared to the control group, 
patients in the observation group exhibited 
lower VAS scores, higher Lysholm scores, and 
increased BMD of the lumbar vertebral bodies 
(L1-4) and the femoral neck and tuberosity. 
These findings suggest that the combination of 
tibolone and zoledronic acid can effectively 

Table 5. Comparison of incidence of fragility fractures

Item Observation 
Group (n=62)

Control 
Group (n=59) χ2 P

Number of Fractures 4 12 5.081 0.024
Fracture Incidence 6.45% 20.34%

Table 6. Comparison of adverse reactions 

Adverse Reactions Observation 
Group (n=62)

Control 
Group (n=59) χ2 P

Headache 3 (4.84) 2 (3.39) 0.160 0.689
Intestinal Discomfort 3 (4.84) 2 (3.39) 0.160 0.689
Muscle and Joint Pain 4 (6.45) 3 (5.08) 0.104 0.748
Vaginal Bleeding 3 (4.84) 1 (1.69) 0.935 0.334
Total Incidence 13 (20.97) 8 (13.56) 1.157 0.282

tic effects are mediated through  
the activity of specific enzymes in 
different tissues, allowing it to bind 
to corresponding receptors and 
antagonize bone resorption [20, 
21]. Zoledronic acid, a bisphospho-
nate, inhibits osteoclast activity, 
exerts anti-resorptive effects, and 
enhances BMD [11]. Previous stud-
ies have shown that zoledronic acid 
prevents bone mineral mass loss 
following oophorectomy [22].

Currently, PMO is predominantly 
treated with monotherapy, highlight-
ing a gap in the analysis and evalua-
tion of the efficacy and safety of 
combination therapies. Our study 
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reduce pain, enhance knee joint function, and 
increase BMD. The mechanism behind these 
effects likely involves zoledronic acid’s inhibi-
tion of the mevalonate pathway within cells, 
which inactivates guanosine triphosphatases 
that regulate osteoclast morphology and cyto-
skeletal arrangement. This inhibition is due to 

its effect on a critical regulatory enzyme, farne-
syl pyrophosphate synthase, leading to reduc- 
ed osteoclast activity and promoted apoptosis. 
Furthermore, zoledronic acid prevents the 
resorption of cartilage and immature bone tis-
sue by osteoclasts, thereby alleviating pain and 
treating osteoporosis [28]. Other studies cor-

Table 7. Univariate analysis affecting treatment efficacy
Effective Group (n=109) Ineffective Group (n=12) χ2/t P

Age (year) 0.028 0.867
    ≤56 39 (35.78) 4 (33.33)
    >56 70 (64.22) 8 (66.67)
Age (year) 57.54±7.66 56.83±8.90 0.299 0.765
Duration of menopause (months) 4.86±2.27 5.00±2.80 0.195 0.846
BMI (kg/m2) 1.269 0.260
    ≤23 55 (50.46) 4 (33.33)
    >23 54 (49.54) 8 (66.67)
BMI (Kg/m2) 0.072 0.943
Smoking History 0.007 0.931
    Yes 35 (32.11) 4 (33.33)
    No 74 (67.89) 8 (66.67)
Diabetes 0.698 0.403
    Yes 41 (37.61) 6 (50.00)
    No 68 (62.39) 6 (50.00)
Hypertension 2.579 0.110
    Yes 38 (34.86) 7 (58.33)
    No 71 (65.14) 5 (41.67)
Menopause Years 1.939 0.164
    ≤4 41 (37.61) 7 (58.33)
    >4 68 (62.39) 5 (41.67)
Index level before treatment
    VAS 7.41±0.86 7.17±0.83 0.941 0.349
    Joint function 46.35±2.46 45.58±2.47 1.022 0.309
Vertebrae bone mineral density (g/cm2) 0.71±0.08 0.68±0.05 1.612 0.110
Hip bone mineral density (g/cm2) 0.64±0.06 0.66±0.08 0.938 0.350
Osteocalcin (ng/ml) 23.48±2.63 23.41±1.60 0.096 0.924
CTX (ng/ml) 0.50±0.07 0.51±0.08 0.527 0.599
BALP (µg/L) 19.10±1.37 19.39±2.16 0.665 0.507
Treatment approach 6.373 0.012
    Tibolone 49 10
    Tibolone + zoledronic acid 60 2
Note: VAS, Visual Analogue Scale; BMI, body mass index; CTX, C-terminal telopeptide of type I collagen; BALP, bone alkaline 
phosphatase.

Table 8. Logistic regression analysis affecting treatment efficacy
β SE Wald P HR 95% CI

Treatment approach (0 = Tibolone, 1 = Tibolone + zoledronic acid) 1.812 0.798 5.154 0.023 6.122 1.281-29.264
Constant 1.589 0.347 20.976 0.000 4.900 -
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roborate these benefits, with reports of sig- 
nificant improvements in bone mass, ambula-
tion, low back pain, and daily life activities in 
patients treated with zoledronic acid [29]. 
Additionally, it has been found that tibolone 
does not interfere with the effects of zoledro- 
nic acid [30]. Notably, zoledronic acid’s inhibi-
tory effect on bone resorption is stronger  
than that of alendronate and requires only an- 
nual intravenous administration. Once adminis-
tered, the drug rapidly distributes to bone tis-
sues, demonstrating high affinity for bone min-
eral and pyrophosphate synthase. Given its 
rapid onset, potent efficacy, and prolonged 
action, zoledronic acid represents a unique 
bisphosphonate that is administered just once 
a year intravenously [31]. Our study is the first 
to demonstrate the beneficial clinical efficacy 
of combined tibolone and zoledronic acid treat-
ment for PMO.

In terms of preventing fragility fractures, a sig-
nificantly lower incidence was observed in 
patients receiving combined treatment. This 
benefit likely results from the dual-drug app- 
roach which reduces bone turnover markers, 
enhances bone metabolic function, increases 
BMD, and decreases bone loss, thereby lower-
ing fracture risk. Although the incidence of 
adverse reactions in the combination therapy 
group was not significantly different from that 
in the monotherapy group, patients receiving 
combination therapy tended to experience 
more adverse reactions. This suggests that  
the use of combination or sequential therapy 
should be carefully considered during treat-
ment. However, most adverse reactions were 
mild and resolved following drug withdrawal 
and symptomatic treatment. Given that the 
benefits of combined treatment outweigh the 
risks, it is advisable to encourage patients to 
adhere to the treatment and manage adverse 
reactions proactively to achieve optimal thera-
peutic outcomes.

Nevertheless, this study has certain limita-
tions. Firstly, due to the limited sample size, 
patients were only divided into two groups (tibo-
lone monotherapy vs. combination therapy), 
which leaves room for further validation of our 
conclusions. Secondly, the findings from this 
study cannot be generalized to women with 
osteoporosis or previous fractures, as this pop-
ulation may respond differently to antiresorp-
tive agents with a greater increase in BMD. 

Future studies will expand the sample size  
and include a broader range of therapeutic 
drugs to provide a more comprehensive com-
parison of the efficacy of combined therapy in 
PMO patients and further discuss its clinical 
implications.

In conclusion, the combination of tibolone and 
zoledronic acid is effective in treating PMO,  
significantly improving patients’ bone metabo-
lism and BMD, and reducing the incidence of 
fractures. With a manageable safety profile, 
this treatment regimen is worthy of clinical con-
sideration and broader adoption.
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