Am J Transl Res 2021;13(3):1764-1771
www.ajtr.org /ISSN:1943-8141/AJTR0125292

Original Article
Ibandronate sodium and zoledronate sodium in the
treatment of senile osteoporosis: efficacy, impact
on quality of life and cost-effectiveness analysis
Shuang Liang, Shaozhen Hu, Hong Guo, Leilei Dong, Guoqiang Liu, Yang Liu
Department of Pharmacy, The Third Hospital of Hebei Medical University, Shijiazhuang, Hebei Province, China
Received October 30, 2020; Accepted November 27, 2020; Epub March 15, 2021; Published March 30, 2021
Abstract: Objective: To investigate the efficacy of ibandronate sodium and zoledronate sodium in the treatment of
senile osteoporosis and their impact on quality of life, and to analyze the cost-effectiveness. Methods: A retrospective study was conducted on 215 patients with senile osteoporosis, who were admitted to our hospital from January
2017 to June 2019. Among them, 115 cases treated with ibandronate sodium were set to group A and 100 cases
treated with zoledronate sodium were set to group B. The clinical efficacy, bone mineral density (BMD) before and
after treatment, bone metabolic markers (alkaline phosphatase (ALP), blood phosphorus (P), blood calcium ion
(Ca2+)), quality of life, adverse reactions, cost-effectiveness indicators (length of hospitalization, cost) and complications were compared between the two groups. Results: Total therapeutic response rate in group A was 96.52%
(111/115), which was not statistically different from that of 93.00% (93/100) in group B (P=0.242). After treatment, the BMD, ALP, BGP and Ca2+ levels of the lumbar spine L1-L4, left femoral neck and right femoral neck, as
well as quality of life scores in the two groups increased (P < 0.05), while serum ALP levels decreased (P < 0.05),
however, there was no statistically significant difference between the two groups (P > 0.05). The incidence of adverse reactions in group A was 3.48% (4/115), which showed no statistical significance with that of 5.00% (5/100)
in group B (P=0.830). The length of hospitalization, annual treatment expense, medical insurance expense and
out-of-pocket payments in group A were all lower than those in group B (P < 0.05). Conclusion: In the treatment of
senile osteoporosis, the efficacy and adverse reactions of ibandronate sodium and zoledronate sodium are similar,
both of them can effectively improve the quality of life. However, the cost-effectiveness of ibandronate sodium is
better than that of zoledronate sodium.
Keywords: Ibandronate sodium, zoledronate sodium, senile osteoporosis, quality of life, cost-effectiveness, clinical
efficacy

Introduction
As the main cause of fracture, osteoporosis is
a common systemic metabolic disease in clinical practice, which occurs mostly in elderly men
and postmenopausal women [1]. The clinical
manifestations of patients with osteoporosis
are mainly fatigue, pain, spinal deformation,
fractures, etc. The fracture caused by osteoporosis is of great harm, and it is one of the main
causes of disability and death in elderly patients and seriously affects patient’s quality of
life [2]. The pathogeneses of osteoporosis are
complex, which are mainly related to estrogen,
physical, genetic, nutritional status, etc. [3]. At
present, clinical treatment of osteoporosis is

mainly calcium supplementation, which can
effectively maintain the stability of the bone
internal environment. However, some patients
have poor prognosis [4]. Therefore, how to
improve the prognosis of patients with osteoporosis is still a challenge in its clinical treatment.
In recent years, with the continuous improvement of medical level, bisphosphonates have
been widely used in the clinical treatment of
osteoporosis. Bisphosphonates have great advantages, which can effectively inhibit bone
destruction and bone resorption, promote patient’s physical recovery [5]. Both ibandronate
sodium and zoledronate sodium are the repre-
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sentative drugs of third-generation bisphosphonates. Related research showed that the
anti-bone resorption capacity of the third-generation bisphosphonates is 2000 times that of
the second-generation bisphosphonates, and
the curative effect is significantly better than
that of the second-generation bisphosphonates, but the treatment expense of the thirdgeneration bisphosphonates is higher [6]. Therefore, developing a lower-cost for third-generation bisphosphonate is of great significance for
reducing the economic pressure on patients.
Clinically, there have been many studies on the
comparison of the efficacy of ibandronate sodium and zoledronate sodium in the treatment of
osteoporosis, but few reports on their costeffectiveness [7]. This study retrospectively explored the efficacy of ibandronate sodium and
zoledronate sodium in the treatment of senile
osteoporosis and their impact on quality of life
of patients who were treated in The Third
Hospital of Hebei Medical University from
January 2017 to June 2019, and analyzed the
cost-effectiveness, aiming to provide a reference for the clinical development of drug treatment for senile osteoporosis.

Inclusion and exclusion criteria

Materials and methods

Patients in group A were treated with ibandronate sodium injection (Pharmaceutical Factory
of Hebei Medical University, China): 2 mg of
ibandronate sodium was added into 250 mL of
0.9% sodium chloride solution (Fujian Jinshan
Biopharmaceutical Co., Ltd., China) for intravenous infusion, with infusion time of ≥ 120 min,
frequency of once per 6 months and duration of
12 months. Patients in group B were treated
with zoledronate sodium injection (Chia TaiTianqing Pharmaceutical Factory, China): 5 mg
of zoledronate sodium was added into 100 mL
of 0.9% sodium chloride solution for intravenous drip, with infusion time of ≥ 15 min and a
one-time dose per year. Patients could be discharged from the hospital when the clinical
symptoms such as pain and fatigue disappeared or were significantly relieved, and the
functional activities basically returned to normal. After discharge, patients continued to
receive drug treatment.

General information
A retrospective study was conducted on 215
patients with senile osteoporosis, who were
treated in The Third Hospital of Hebei Medical
University from January 2017 to June 2019.
The patients were divided into two groups
according to different treatment drugs, with
115 cases treated with ibandronate sodium as
group A and 100 cases treated with zoledronate sodium as group B. In group A, there were
78 males and 37 females aged 61-88 years,
with an average of 72.1±3.5 years; the disease course was 3-19 years, with an average of
7.9±2.2 years; patient’s weight was 43.2482.21 kg, with an average of 56.28±3.14 kg. In
group B, there were 69 males and 31 females
aged 62-89 years, with an average of 72.3±3.4
years; the disease course was 4-20 years, with
an average of 8.1±2.1 years; patient’s weight was 42.18-81.85 kg, with an average of
56.09±3.52 kg. There was no statistically significant difference in general information between the two groups (P > 0.05). This study was
approved by the Ethics Committee of The Third
Hospital of Hebei Medical University.
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Inclusion criteria: Patients met the relevant
diagnostic criteria in “Expert consensus on the
diagnosis of osteoporosis in Chinese Population” [8]. The clinical manifestations were mainly body ache or low back pain, and the pain
worsened when the load increased. Dualenergy X-ray absorptiometry indicated that T ≤
-2.5 SD; patients were above 60 years old and
could walk independently; patients did not take
any bone calcium supplements in the past
month.
Exclusion criteria: Patients were allergic to
ibandronate sodium and zoledronate sodium;
patient’s secondary osteoporosis was caused by diabetes, hyperthyroidism, rheumatism,
rheumatoid disease, etc.; long-term use of
glucocorticoid drugs affected patient’s bone
metabolism; patients had severe heart, liver
and kidney dysfunction; patients had poor compliance, and was unable to cooperate with
investigators.
Treatment methods

Outcome measures
The clinical efficacy, bone mineral density
(BMD) before and after treatment, bone metabolic markers (alkaline phosphatase (ALP), blood phosphorus (P), blood calcium ion (Ca2+)),
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nization quality of life (WHOQOL-BREF) questionnaire
Group A
Group B
Z/χ2
P
was used for evaluation
(n=115)
(n=100)
[10]. The contents of the
Markedly effective
64 (55.65) 49 (49.00) 1.756 0.103
scale included psychologiEffective
47 (40.87) 44 (44.00)
cal state, physiological funInvalid
4 (3.48)
7 (7.00)
ction, environment and soTotal therapeutic response rate (%) 111 (96.52) 93 (93.00) 1.367 0.242
cial relations. Each item
was scored from 0 to 100
quality of life, adverse reactions, cost-effectivepoints. The higher the score, the better the
quality of life is.
ness indicators (length of hospitalization, cost)
and complications were compared between
6) Adverse reactions. The occurrence of adthe two groups.
verse reactions such as fever, low back pain
and dizziness during treatment were compar1) Clinical efficacy [9]. The clinical efficacy was
ed.
evaluated at 12 months after treatment. Markedly effective: The clinical symptoms such as
7) Complications. The occurrence of secondary
pain and fatigue disappeared or were signififractures, bone injury and other complications
cantly relieved, BMD increased by ≥ 2% comduring the follow-up visit were compared
pared with that of before treatment, and funcbetween the two groups.
tional activities basically returned to normal;
effective: The clinical symptoms such as pain
Statistical analysis
and fatigue were relieved, BMD increased by <
2% than that before treatment, and functional
SPSS 22.0 statistical software was used to
activities significantly improved; invalid: clinical
analyze the data. Measurement data (BMD,
symptoms such as pain and fatigue were not
ALP, P, Ca2+, quality of life, length of hospitalizarelieved or worsened, BMD didn’t increase or
tion and cost) were
_ expressed as mean ± standecrease compared to that before treatment,
dard deviation ( x ± sd). Independent sample
and functional activities didn’t improve or detet-test was used between groups, and paired
riorate. Total therapeutic response rate = markt-test was used within groups. Count data (cliedly effective efficiency + effective efficiency.
nical efficacy, adverse reactions) was expressed as percentage, and chi-square test (χ2) was
2) Cost-effectiveness. The length of hospitalused. Rank sum test was used for ranked data.
ization, treatment expenses, medical insurance
P < 0.05 was considered statistically signifiexpenses, and out-of-pocket payments during
cant.
the hospitalization were compared between
the two groups.
Results
Table 1. Comparison of clinical efficacy (n, %)

3) BMD. The BMD levels of the lumbar spine
L1-L4, left femoral neck and right femoral neck
were measured by dual-energy X-ray bone density analyzer before treatment and 12 months
after treatment.
4) Bone metabolic markers. Fasting venous
blood was extracted in the morning before
treatment and 12 months after treatment. The
ALP level was determined by enzyme-linked
immunosorbent assay; the P level was determined by enzymatic method; the Ca2+ level
was determined by colorimetric method. The
kits were provided by Shanghai Bangyi Biotechnology Co., Ltd., China.
5) Quality of life. Before treatment and 12
months after treatment, the world health orga1766

Clinical efficacy
The total therapeutic response rate in group A
was 96.52% (111/115), which was not statistically different from that of 93.00% (93/100) in
group B (P > 0.05). It can be seen that zoledronate sodium and ibandronate sodium has the
same clinical efficacy in the treatment of senile
osteoporosis. See Table 1.
Cost-effectiveness
The length of hospitalization, treatment expenses during the observation, medical insurance
expenses, and out-of-pocket payments of group
A were lower than those of group B (P < 0.001).
It can be seen that compared with zoledronate
sodium, the use of ibandronate sodium could
Am J Transl Res 2021;13(3):1764-1771
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_
Table 2. Comparison of cost-effectiveness ( x ± sd)
Items
Length of hospitalization (day)
Treatment expenses (CNY)
Medical insurance expenses (CNY)
Out-of-pocket payments (CNY)

Group A (n=115)
17.25±3.25
15632.85±1855.15
9252.36±2121.25
6354.81±1524.84

Group B (n=100)
22.14±2.24
20624.84±2142.52
12425.63±2048.25
8426.85±1482.74

t
12.656
18.311
11.119
10.066

P
0.000
0.000
0.000
0.000

Note: CNY: China yuan.

(P > 0.05). There was no significant difference between the two
groups in serum P and Ca2+ levels
before and after treatment (P >
0.05). Serum ALP level can be significantly improved with ibandronate sodium and zoledronate sodium in the treatment of elderly
osteoporosis. See Table 4 and
Figure 2.

Table 3.
_ Comparison of BMD levels before and after treatment ( x ± sd, g/cm3)
Items
Lumbar spine L1-L4
Before treatment
After treatment
Left femoral neck
Before treatment
After treatment
Right femoral neck
Before treatment
After treatment

Group A
(n=115)

Group B
(n=100)

t

P

0.61±0.12
0.62±0.09 0.683
0.82±0.11*** 0.83±0.13*** 0.611

0.496
0.542

0.69±0.12
0.68±0.10
0.88±0.15*** 0.87±0.14***

0.511
0.616

0.658
0.503

Quality of life
0.42±0.08
0.40±0.11 1.538
0.59±0.11*** 0.57±0.12*** 1.275

0.126
0.204

There was no significant difference
in quality of life scores between
Note: Compared with the same group before treatment, ***P < 0.001. BMD:
the two groups before treatment
bone mineral density.
(P > 0.05). After treatment, the
quality of life scores in both groups
significantly reduce the cost-effectiveness in
increased (P < 0.001), and there was no sigthe treatment of senile osteoporosis. See Table
nificant difference between the two groups (P >
2.
0.05). The quality of life in patients with senile
osteoporosis significantly improved after treatBMD level
ing with ibandronate sodium and zoledronate
sodium. See Table 5 and Figure 3.
There was no significant difference in the BMD
levels of the lumbar spine L1-L4, left femoral
Adverse reactions
neck and right femoral neck between the two
groups before treatment (P > 0.05). After treatThe incidence of adverse reactions in group A
ment, the BMD levels of the lumbar spine
was 3.48% (4/115), which showed no statistiL1-L4, left femoral neck and right femoral neck
cal significance with that of 5.00% (5/100) in
in both groups increased (P < 0.001), and thegroup B (P > 0.05). It can be seen that the inre was no statistically significant difference
cidence of adverse reactions of ibandronate
between group A and group B (P > 0.05). The
sodium and zoledronate sodium in the treatbone density of patients with senile osteopoment of senile osteoporosis were similar and at
rosis elevated significantly after treating with
a low level. See Table 6.
ibandronate sodium and zoledronate sodium.
See Table 3 and Figure 1.
Complications
Bone metabolism
There was no significant difference in serum
ALP level between the two groups before treatment (P > 0.05). After treatment, the serum
ALP level of the two groups decreased (P <
0.001), and there was no statistically significant difference between group A and group B
1767

There were no complications such as secondary fractures and bone injury in the two groups.
Discussion
In recent years, with the continuous acceleration of the aging process of the population, the
number of people with osteoporosis in China
Am J Transl Res 2021;13(3):1764-1771
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Figure 1. Comparison of BMD levels before and after treatment. A: BMD level of lumbar spine L1-L4; B: BMD level
of left femoral neck; C: BMD level of right femoral neck. Compared with the same group before treatment, ***P <
0.001; compared with group B, ###P < 0.001. BMD: bone mineral density.

adverse reactions between the
two groups. The results suggested that the therapeutic effect
Items
Group A (n=115) Group B (n=100)
t
P
of ibandronate sodium in the
ALP (U/L)
treatment of senile osteoporoBefore treatment
75.25±6.17
76.06±7.05
0.898 0.370
sis was better than that of zoleAfter treatment
60.36±10.29*** 59.47±11.52*** 0.598 0.550
dronate sodium, which could siP (mmol/L)
gnificantly improve patient’s quBefore treatment
1.12±0.20
1.13±0.28
0.304 0.761
ality of life with similar adverse
After treatment
1.11±0.21***
1.10±0.24*** 0.326 0.745
reactions. But study has shown
that the total effective rate in
Ca2+ (mmol/L)
the treatment of postoperative
Before treatment
2.35±0.48
2.37±0.51
0.296 0.768
***
***
osteoporosis of breast cancer
After treatment
2.26±0.52
2.31±0.39
0.788 0.432
with ibandronate sodium was
Note: Compared with the same group before treatment, ***P < 0.001. ALP: alkasignificantly higher than that wi2+
line phosphatase; P: blood phosphorus; Ca : calcium ion.
th zoledronate sodium, and the
difference of adverse reactions
has been increasing, and osteoporosis has
between the two groups was not significant,
caused serious negative effects on the lives
the result of above study is consistent with that
of patients. Osteoporosis is mainly caused by
of this study [12]. The reason may be related to
the imbalance of bone remodeling due to bone
the small number of samples in this study.
deformation of osteoblast and bone resorption
As third-generation bisphosphonates, ibandroof osteoclast, which leads to the decrease of
nate sodium and zoledronate sodium are wideBMD, destruction of bone microstructure, and
ly used in the clinical treatment of osteoporoincrease of bone fragility. The third-generation
sis, which can effectively relieve the clinical
bisphosphonates are common drugs in the tresymptoms and promote physical rehabilitation
atment of senile osteoporosis, which can inhib[13, 14]. Ibandronate sodium is a type of bone
it bone destruction and bone resorption; howresorption inhibitor, which can be combined
ever, different bisphosphonates lead to differwith hydroxyapatite in bone to inhibit the formaent therapeutic effects [11]. In this study, the
tion and dissolution of hydroxyapatite, and thus
third-generation bisphosphonates of ibandroplay a role in the formation of osteoclast and
nate sodium and zoledronate sodium were
inhibition of bone resorption [15]. In addition,
adopted in the treatment of patients with seniibandronate sodium can also promote morphole osteoporosis. The results showed that the
total therapeutic response rate in both groups
logical changes in osteoclasts and inhibit oswas similar. After treatment, the quality of life
teoblast-mediated cytokines [16]. Zoledronic
score in both groups increased, and there was
acid is a diphosphate compound that specifino significant difference between the two grcally acts on bone, which can effectively inhioups. There was no significant difference in
bit bone resorption caused by increased osteo2+
Table 4. Comparison
_ of serum ALP, P and Ca levels before and
after treatment ( x ± sd)
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Figure 2. Comparison of serum ALP, P and Ca2+ levels before and after treatment. A: serum ALP level; B: serum P
level; C: serum Ca2+ level. Compared with the same group before treatment, ***P < 0.001; compared with group B,
###
P < 0.001. ALP: alkaline phosphatase; P: blood phosphorus; Ca2+: calcium ion.

Table
5. Comparison of quality of life before and after treatment
_
( x ± sd, score)
Group A
(n=115)
Psychological state
Before treatment
After treatment
Physiological function
Before treatment
After treatment
Environment
Before treatment
After treatment
Social relations
Before treatment
After treatment

58.36±5.63
86.74±6.24***

Group B
(n=100)

t

P

58.12±5.74 0.309 0.758
87.24±6.05*** 0.594 0.553

longer, which increased the
treatment expenses [19]. In
this study, the medical insurance expenses of group A was
lower than that of group B,
which may be related to the
higher treatment expenses of
group B.

52.89±5.24
52.48±5.61 0.554 0.580
88.14±6.60*** 89.24±6.72*** 1.209 0.228

Clinically, BMD is an indicator
of bone strength, which can
effectively reflect the degree
of osteoporosis and predict
60.25±6.01
59.52±6.22 0.874 0.383
the risk of osteoporotic frac80.24±7.39*** 81.62±6.84*** 1.414 0.159
tures [20]. Although BMD can
reveal the changes of bone
61.35±5.48
61.42±5.43 0.094 0.925
mass in patients with osteo***
***
80.65±6.27
81.54±6.39
1.029 0.305
porosis, it cannot reflect the
Note: Compared with the same group before treatment, ***P < 0.001.
status of bone metabolism in
real time. Corresponding meclast activity, reduce bone injury and protect
tabolites will be produced during the process
of bone remodeling, and the status of bone
bone substance [17, 18].
metabolism is reflected in the changes of the
Different from most clinical reports at this
content of these metabolites [21, 22]. ALP is
stage, this study analyzed the cost-effectivemainly synthesized by liver and bone, which can
ness of ibandronate sodium and zoledronate
reflect bone formation [23]. Ca2+ level can resodium in the treatment of senile osteoporosis
flect the situation of bone calcium [24]. The
by comparing the length of hospitalization and
results of this study indicated that BMD and
expenses. The results of the study showed that
serum ALP improved significantly in both grthe length of hospitalization, annual treatment
oups after treatment. The study of Wang et
expense and out-of-pocket payments in group
al. showed that BMD significantly improved 6
A were lower than those in group B, suggesting
months and one year after treatment with ibanthat the cost-effectiveness of ibandronate sodronate sodium in male patients with senile
dium in the treatment of senile osteoporosis
osteoporosis [25]. The study by Wang et al. sugwas better than that of zoledronate sodium.
gested that the bone metabolism indicators
The reasons may be related to two aspects: on
improved significantly after treating with ibanthe one hand, the price of ibandronate sodium
dronate sodium in patients with postmenois lower than that of zoledronate sodium; on
pausal osteoporosis patients combined with
the other hand, the length of hospitalization of
type 2 diabetes [26]. The results of above repatients treated with zoledronate sodium was
ports are basically consistent with those of this
1769
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sions needs to be verified by
more in-depth correlation studies in the future.
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Figure 3. Comparison of quality of life before and after treatment. A: comparison of psychological state score; B: comparison of physiological function
score; C: comparison of environment score; D: comparison of social relation
score. Compared with the same group before treatment, ***P < 0.001; compared with group B, ###P < 0.001.

Table 6. Comparison of adverse reactions (n,
%)
Group A
(n=115)
Fever
2 (1.74)
Low back pain 1 (0.87)
Dizziness
1 (0.87)
Total
4 (3.48)

Group B
(n=100)
3 (3.00)
0 (0.00)
2 (2.00)
5 (5.00)

t

P

0.025
0.000
0.015
0.046

0.874
1.000
0.903
0.830

study, indicating that ibandronate sodium and
zoledronate sodium could significantly improve
BMD and bone metabolism of patients with
senile osteoporosis.
To sum up, ibandronate sodium and zoledronate sodium in the treatment of patients with
elderly osteoporosis has similar clinical efficacy and adverse reactions, and can effectively
improve patient’s quality of life, but the costeffectiveness of ibandronate sodium is better
than that of zoledronate sodium. Therefore,
ibandronate sodium is recommended as the
first choice of the third-generation bisphosphonate in the treatment of senile osteoporosis.
However, due to the small and single number of
samples collected in this study, the results may
be biased. The credibility of the study conclu-
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