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Purpose: Several osteoporosis drugs can continuously improve bone mass, but the impact 
on muscle mass is still unknown. This study aims to investigate how zoledronic acid 
monotherapy affected muscle mass in osteoporosis patients.
Patients and Methods: Patients from an osteoporosis database were divided into two 
groups in this retrospective cohort, case–control study: zoledronic acid-treated patients (n = 
113) and a control group without osteoporosis treatment (n = 118). At four years, appendi-
cular skeletal muscle mass (ASM) and appendicular skeletal muscle mass index (ASMI) 
were calculated using dual-energy X-ray absorptiometry. The differences in muscle mass 
between the groups were compared.
Results: At baseline, there was no difference in sex, ASM, ASMI, and bone mineral density 
between the zoledronic acid treatment group and the control group. The treatment group’s 
skeletal muscle mass increased by 841 g in ASM and 0.35 kg/m2 in ASMI after three years, 
while decreased in the control group.
Conclusion: This study for the first time demonstrated that that zoledronic acid is beneficial 
not only to the bone but also to muscle.
Keywords: muscle mass, osteoporosis, sarcopenia, zoledronic acid

Introduction
Sarcopenia is a loss of muscle strength and mass in older people that is a major 
predictor of falling risk and impaired ability to perform daily activities, often leading 
to disability, loss of independence, and death.1–3 The effects of sarcopenia on morbid-
ity, mortality, and health-care costs in the elderly are now a major focus of research and 
public policy debate.4 Both the European Working Group on Sarcopenia in Older 
People (EWGSOP, updated in January 2019 by EWGSOP2) and the Asian Working 
Group on Sarcopenia (AWGS, updated in March 2020 by AWGS 2019) reached an 
international agreement that sarcopenia should be diagnosed using the walking ability, 
muscle strength, and muscle mass, and that intervention decision should be based on 
walking ability and muscle mass levels.5,6 However, muscle mass is the fundamental 
underlying criterion for diagnosis. Although increasing muscle mass is beneficial for 
sarcopenia, research on drugs that affect muscle mass has been limited to testosterone, 
selective androgen receptor molecules, ghrelin agonists, myostatin antibodies, activin 
IIR antagonists, angiotensin-converting enzyme inhibitors, beta antagonists, and a few 
others.7,8 Furthermore, these medicines continue to have effectiveness, safety, and 
dependability problems, rendering them inappropriate for clinical usage.9 Many osteo-
porosis medicines have been found to improve bone density and lower the incidence of 
fractures in the elderly.10,11 Teriparatide, a kind of parathyroid hormone, may have 
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anabolic effects on skeletal muscle and adipose tissue in 
addition to bone.12 Similarly, while vitamin D supplements 
may improve bone density, their effect on muscle mass and 
strength is still being researched.13 A previous study showed 
that combining alendronate and calcitriol improved grip 
strength but had no discernible effect on muscle mass in 
postmenopausal women.14 It is worth debating if some 
more strong bisphosphonates osteoporosis medications can 
not only enhance muscular strength but also muscle mass 
because they will play a more essential role in the treatment 
of sarcopenia. Intravenous zoledronic acid is a high-potency, 
nitrogen-containing bisphosphonate that is administered 
once a year and significantly reduces fracture risk in 
women with postmenopausal osteoporosis and a recent low- 
trauma hip fracture.15 In vitro, zoledronic acid has the highest 
affinity for hydroxyapatite when compared to alendronate, 
ibandronate, and risedronate.16 Previous research has indi-
cated that zoledronic acid increased muscular function and 
even muscle mass in healthy mice given chemotherapy, but 
its effect on sarcopenia has yet to be confirmed in 
humans.17,18 As a result, we attempted to investigate the 
effect of zoledronic acid on muscle mass in osteoporosis 
patients.

Materials and Methods
Study Design
The study was designed as a case–control, retrospective 
cohort study. The bone density of the lumbar spine and 
hips was measured using dual-energy X-ray absorptiometry 
(DXA) (Prodigy; GE Medical Systems Lunar, Madison, WI, 
USA). DXA was also used to assess appendicular lean soft 
tissue (ASM, which is the sum of lean soft tissue from both 
arms and legs) and appendicular skeletal muscle index 
(ASMI, which is calculated as ASM divided by height 
square). This study included 1418 individuals with osteo-
porosis [T-score of ≤ −2.5 obtained from bone mineral 
density (BMD) tests at the lumbar spine, femur neck, or 
total hip] in Yilan County, Taiwan, between May 2013 and 
April 2020. After excluding patients who used other anti- 
osteoporotic drugs or alfacalcidol, those who received 
specific medications, including hormone, angiotensin- 
converting enzyme inhibitor, and beta antagonist, and those 
assessed by repeat DXA for less than 3 years or more than 5 
years, a research group of 113 patients was chosen who 
received a 5 mg zoledronic acid infusion once a year for 
three years and were evaluated using DXA, as well as 
a control group of 118 individuals who did not receive any 

Figure 1 Flow chart for study subject selection. 
Abbreviation: DXA, dual-energy X-ray absorptiometry.
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anti-osteoporotic medicines for three years and were simi-
larly assessed using DXA (Figure 1).

Ethics
This study was approved by the Institutional Review 
Board (IRB) of the National Yang-Ming University 
Hospital (YMUH2020A023) in accordance with the 
Declaration of Helsinki. The study involves no prospec-
tively collected data so there is no access to patients or 
opportunity to seek informed consent. A waiver of consent 
was approved by IRB as re-contacting this number of 
patients to obtain informed consent would be impractic-
able. The study is no greater than minimal risk and will 
have no direct impact on patient’s rights and clinical care. 
Finally, we guarantee the confidentiality of all patient data.

Statistical Analysis
Descriptive statistics were used to summarize the basic 
characteristics. IBM SPSS Statistics for Windows, version 
22 (IBM Corp., Armonk, N.Y., USA) was used to conduct 
formal statistical studies. The disparity in response vari-
able change was compared between the research and con-
trol groups. To determine differences in the amount of 
change after three years, a general linear model with 
corrections for age, gender, height, weight, body mass 
index (BMI), and initial value for each item was used. 
The minimum total sample size in this study is 128, with at 
least 64 subjects for each independent variable, for an 
effect size of d=0.5, power=0.8, and α=0.05.

Results
There was no difference in mean age, BMI, ASM, ASMI, 
or BMD between the research and control groups when the 
patients’ baseline characteristics were compared (Table 1). 
The change in muscle mass and bone mineral density over 
three years was compared after adjusting for height and 
weight, as well as the baseline value of each item. We 
discovered that the research group significantly improved 
in ASM, ASMI, and BMD (Table 2). Furthermore, accord-
ing to a comparison of changes in muscle mass and BMD 
after three years, the levels of improvement in ASM and 
ASMI were positively correlated with BMD in the zole-
dronic acid-treated population (r=0.227, P=0.02), whereas 
in the control group, the amounts of change in ASM and 
ASMI were not associated with BMD (r=0.119, P=0.10).

Table 1 Baseline Characteristics of Participants in Research and 
Control Groups

Characteristics Research 
(Zoledronic 

Acid)

Control P value

Sample size (n) 113 118

Age, years, mean (SD) 67.1 (6.5) 65.1 (7.9) 0.28

Women, % (n) 91.2% (103) 88.1% (104) 0.15

Height, cm, mean (SD) 154.3 (7.8) 155.7 (8.5) 0.09

Weight, kg, mean (SD) 48.3 (8.1) 49.5 (9.9) 0.12

BMI, kg/m2, mean (SD) 20.3 (2.9) 20.4 (3.1) 0.33

ASM, g, mean (SD) 13,310 (1899) 13,899 (1955) 0.19

ASMI, kg/m2, mean (SD) 5.59 (0.72) 5.66 (0.74) 0.26

BMD, g/cm2, mean (SD)

Lumbar spine 0.717 (0.152) 0.721 (0.154) 0.15

Femoral neck 0.665 (0.091) 0.682 (0.117) 0.19

Abbreviations: ASM, appendicular skeletal muscle mass; ASMI, appendicular ske-
letal muscle mass index; BMD, bone mineral density; BMI, body mass index; SD, 
standard deviation.

Table 2 Comparison of Muscle and Bone Mineral Density 
Changes in the Research and Control Groups

Change after 
3.6 Years 
(SD 0.3)

Zoledronic 
Acid (N = 113)

Control 
(N = 118)

Difference 
Between- 
Groupb

Difference in ASM, 

g, mean (SD)

+841 (905) −107 (1309) P=0.01b

P<0.001a P=0.12a

Difference in 

ASMI, kg/m2, 

mean (SD)

+0.35 (0.69) −0.154 (0.546) P=0.03b

P=0.002a P=0.21a

Difference in 

BMD, g/cm2, 

mean (SD)

Lumbar spine +0.083 (0.043) −0.007 (0.021) P=0.01b

P<0.001a P=0.14a

Femoral neck +0.047 (0.015) −0.012 (0.017) P=0.03b

P<0.001a P=0.03a

Notes: aThe paired t-test revealed a difference when compared to the baseline. 
bA t-test was used to compare groups. 
Abbreviations: ASM, appendicular skeletal muscle mass; ASMI, appendicular ske-
letal muscle mass index; SD, standard deviation.
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Discussion
This is the first study to suggest that zoledronic acid 
treatment may help improve muscle mass. Muscle and 
bone support independence in the elderly but decline 
with age. As a result, among the elderly, sarcopenia and 
osteoporosis are relatively common.19 Sarcopenia and 
osteoporosis raise the risk of falling and may lead to 
a fragility fracture, such as a hip fracture, which is a life- 
threatening event with high morbidity and mortality.20 In 
women with postmenopausal osteoporosis, zoledronic acid 
increases bone mass and has been linked to a significant 
reduction in the risk of vertebral, hip, and nonvertebral 
fractures, but its clinical effect on muscle has remained 
unknown.15,21 Although the effect on muscle strength and 
performance could not be investigated in this retrospective 
case–control study, it is suggested for the first time that 
zoledronic acid alone may produce clinical improvements 
in muscle mass.

The effects of bisphosphonates on muscle growth and 
function in osteoporosis patients are debatable. By redu-
cing bone loss, zoledronic acid treatment may protect mice 
against carboplatin- or cisplatin-induced muscle 
weakening.17,18 The release of soluble mediators (known 
as “osteokines”) by bone-secreted substances appears to 
impact skeletal muscle beyond the mechanical connection 
in loading.22 Previous research discovered that bispho-
sphonates inhibited muscle atrophy while promoting mus-
cle regenerative capacity via SIRT3 downregulation.23 

Another study found that pamidronate, a bisphosphonate, 
improved both bone (increased bone growth and strength) 
and skeletal muscle function (increased grip strength) in 
Mdx mice, an animal model used as a surrogate for 
Duchenne muscular dystrophy.24 The mechanisms of 
bisphosphonate on muscle atrophy have been suggested 
to the stimulation of hypertrophic myotube formation.23

The present study demonstrates for the first time that 
zoledronic acid can significantly improve not only bone 
mineral density but also muscle mass after three years of 
treatment. However, there are some limitations to this retro-
spective case–control study. Because sarcopenia diagnostic 
criteria such as muscle strength and walking speed were not 
assessed, it is unknown whether zoledronic acid affects these 
performance objects. Further prospective studies for the 
effect of zoledronic acid on osteoporosis-related or aging- 
related skeletal muscle wasting needs to be considered.

Conclusion
This study revealed that, in addition to improving bone 
density in osteoporosis patients, three years of zoledronic 
acid treatment may increase appendicular skeletal muscle 
mass index, which is necessary for sarcopenia diagnosis.
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