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ABSTRACT

Background: Denosumab (DEN) and zoledronic acid (ZOL) currently represent the most 
potent antiresorptive agents for the treatment of osteoporosis. Despite similar effects on 
bone resorption, these agents have distinct mechanisms of action. The objective of this study 
was to compare the effect of DEN and ZOL after two-year administration on bone mineral 
density (BMD), trabecular bone score (TBS), bone turnover markers, and persistence.
Methods: A total of 585 postmenopausal women with osteoporosis who did not use 
osteoporosis medications were retrospectively reviewed. 290 patients were administered 60 
mg DEN subcutaneously every 6 months from 2017 to 2018, and 295 patients were treated 
with 5 mg ZOL intravenously yearly from 2015 to 2017. BMD, TBS, and C-terminal cross-
linking telopeptide of type 1 collagen (CTX) measurements were obtained at baseline and 
two-year after DEN injection or ZOL infusion.
Results: After two-year follow-up, 188 patients in the DEN group and 183 patients in the ZOL 
group were compared. BMD change from baseline at two years was significantly greater in the 
DEN group compared with the ZOL group (P < 0.001). The changes of TBS in the DEN group were 
statistically significant compared with baseline (P < 0.001) and the ZOL group (P < 0.001). The 
DEN group led to significantly greater reduction of CTX compared with ZOL group (P = 0.041).
Conclusion: In postmenopausal women with osteoporosis, DEN was associated with greater 
BMD increase at all measured skeletal sites, greater increase of TBS, and greater inhibition of 
bone remodeling compared with ZOL.

Keywords: Osteoporosis; Denosumab; Zoledronic Acid

INTRODUCTION

Osteoporosis is a systemic skeletal disease characterized by low bone mineral density (BMD) 
and deteriorated bone structure, resulting in decreased bone strength and increased risk of 
fractures.1 The purpose of osteoporosis treatment is to increase bone mass by changing the 
balance of osteoblast and osteoclast in bone remodeling. Antiresorptive agents are the main 
treatment options for the prevention and treatment of osteoporosis. Denosumab (DEN) 
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and zoledronic acid (ZOL) currently represent the most potent antiresorptive agents, and 
these agents have proven to be effective treatments for osteoporosis.2,3 Thus, these agents 
significantly reduce bone turnover markers (BTMs), increase BMD, and reduce risk for 
fracture.2-6 Despite similar effects on bone resorption, the agents have distinct mechanisms 
of action.7

ZOL, a third-generation aminobisphosphonate drug, is administered intravenously at a 
dosage of 5 mg every 12 months and is the strongest of clinically available bisphosphonates. 
ZOL has a high binding affinity for bone mineral and effects its antiresorptive action by 
inhibition of farnesyl pyrophosphate synthase enzyme.8 ZOL treatment has been shown to 
increase BMD and reduce the risk of fractures at all skeletal sites.2

DEN is a fully human monoclonal antibody against receptor activator of nuclear factor-κB 
ligand (RANKL), a major mediator of osteoclast differentiation, activation, and survival. DEN 
inhibits osteoclast formation and survival by interfering with the binding of RANKL.9 DEN 
is administered subcutaneously at a dosage of 60 mg every 6 months. DEN inhibited bone 
resorption and remodeling as measured by reducing BTMs, increasing BMD in all measured 
skeletal sites, and reducing the risk of fractures.3,10

Although BMD is informative and useful, BMD does not reflect bone microarchitecture 
which is also an important factor in fragility fractures.11 The trabecular bone score (TBS) is 
a new gray-level texture measurement. TBS uses two-dimensional scans obtained during 
routine dual-energy X-ray absorptiometry (DXA) and variograms to characterize the three-
dimensional rate of gray-level amplitude variations in the bone.12-15 Higher scores reflect 
more robust and fracture-resistant microarchitecture, while lower scores indicate weaker 
bone more susceptible to fracture.12,15 TBS has been shown to be highly related to the direct 
measurement of bone microarchitecture and predicts current and future fragility fractures in 
postmenopausal women with osteoporosis.12,13,16,17 Furthermore, the TBS was changed in 
response to therapeutic effects on antiresorptive drugs.18,19

Persistence is important for improving outcomes for patients with osteoporosis. It is widely 
recognized that persistence is critical for optimal outcomes.20-23 Several studies have shown 
low persistence with osteoporosis treatment, and poor persistence has been reported as 
significantly increasing the risk of fracture, morbidity, and mortality.24-27 Long dosing 
intervals and injectable medications may contribute to better persistence possibly improving 
clinical outcomes.20,21,27,28

To best of our knowledge, no study has directly compared the effect of DEN and ZOL 
treatment in naïve postmenopausal women with osteoporosis in terms of BMD, TBS, BTMs, 
and persistence. The primary outcome of our study was to compare the effect after two-
year administration of DEN and ZOL on BMD and TBS in postmenopausal women with 
osteoporosis. Secondary outcomes were to compare their effect on BTMs and persistence.

MATERIALS AND METHODS

Study design
We hypothesized DEN had greater effect than ZOL on BMD at all skeletal sites, TBS, as well as 
effecting rapid reduction in bone turnover.
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A total of 585 postmenopausal women with osteoporosis who did not use osteoporosis 
medications were retrospectively analyzed. All patients during the study period were treated 
with either DEN or ZOL. During this period, no patients were treated with other medications. 
Patients who had taken drugs that could affect bone metabolism such as systemic 
glucocorticoid or hormone replacement were excluded.

As the DEN group, 290 patients were reviewed from March 2017 to December 2018 and 
were administered 60 mg subcutaneously every 6 months. We reviewed 295 patients from 
January 2015 to February 2017 as the ZOL group. These patients were treated with 5 mg ZOL 
intravenously once yearly (Fig. 1). As DEN was first introduced in March 2017 in our country, 
all naïve osteoporotic patients were treated with DEN after March 2017. From 2015 to February 
2017, all naïve osteoporotic patients were treated with ZOL. These patients were followed up for 
2 years, we included administration for a period of 1 month before and after the exact period.

BMD, TBS, osteocalcin, and C-terminal cross-linking telopeptide of type 1 collagen (CTX) 
measurements were obtained at baseline, one, and two years after DEN injection or ZOL 
infusion and were compared. Endpoints and analyses included the percentages of patients 
who persisted with DEN and ZOL at two years; the changes in BMD, TBS, osteocalcin, and 
CTX in persisted patients; and the incidence of adverse events and fractures.

BMD was measured by Hologic DXA bone densitometers. BMD measurements were recorded 
at the lumbar spine for L1 through L4, femoral neck, and total hip. TBS measurement was 
performed using software (TBS iNsight Software, Version 2.2; Med-Imaps, Pessac, France) 
on lumbar spine DXA scans. TBS was calculated as the average of individual measurements 
for the L1–L4 vertebrae, excluding the vertebrae not included in the BMD assessments due 
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Screened
(N = 585)

DEN 60 mg SC Q6M
2017–2018
(n = 290)

Lost to follow-up (n = 49)
Death (n = 1)
Others (n = 5)

Completed 12 months
(n = 235; 81.0%)

Lost to follow-up (n = 43)
Others (n = 4)

ZOL 5 mg IV Q12M
2015–2017
(n = 295)

DEN group
Completed 24 months

(n = 188; 64.8%)

ZOL group
Completed 24 months

(n = 183; 62.0%)

Lost to follow-up (n = 61)
Death (n = 2)
Others (n = 5)

Completed 12 months
(n = 227; 76.9%)

Lost to follow-up (n = 40)
Death (n = 1)
Others (n = 3)

Fig. 1. Trial profile. Among 290 patients of DEN group and 295 patients of ZOL group, a total of 188 patients in DEN 
group and 183 patients in ZOL group were analyzed after two-year follow-up. 
DEN = denosumab, ZOL = zoledronic acid, SC = subcutaneous, IV = intravenous, Q6M = every 6 months, Q12M = 
every 12 months.
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to fracture or artifact. The coefficient of variance (CV) of BMD and lumbar spine TBS was 1% 
and 1.1%, respectively.

For biochemical markers, osteocalcin and CTX levels were evaluated. The samples were 
obtained in overnight fasting status during the morning to minimize diurnal variations. 
Osteocalcin level was measured by automated immunoassay (Elecsys β-CrossLaps; Roche 
Diagnostics, Mannheim, Germany; intraassay CV < 4.0%, interassay CV < 6.5%). CTX 
level was measured by automated immunoassay (Elecsys β-CrossLaps; Roche Diagnostics; 
intraassay CV < 3.5%, interassay CV < 8.4%).

Persistence was measured at 12 and 24 months after the initial date and was defined as 
remaining for each subsequent period.

Statistical analysis
Data for continuous variables are expressed as mean ± standard error of the mean. For 
categorical variables, a χ2 test was used for between group comparisons. Independent t-test 
and Mann-Whitney U test were used to test the difference between groups for continuous 
variables. The change of BMD and TBS from the baseline was calculated as the absolute 
change and was divided by the baseline value for expression as percentages. The level of 
significance was set at P < 0.05. All statistical analyses were performed using IBM SPSS 
Statistics software Version 20.0 (IBM, Armonk, NY, USA).

Ethics statement
This study was approved by the Institutional Review Board of Korea University Anam Hospital 
(2020AN0179), and informed consent was waived because this study reviewed pre-existing data.

RESULTS

Baseline data
Age, body mass index (BMI), smoking history and comorbidity using American Society 
of Anesthesiologists (ASA) classification were not significantly different between the two 
groups (Table 1). The mean age of the DEN group was 71.5 ± 8.93 years and that of the ZOL 
group was 73.9 ± 8.39 years. The mean BMI of the DEN group was 23.7 ± 4.3 kg/m2 and that 
of the ZOL group was 23.9 ± 3.8 kg/m2. BMI remained essentially unchanged throughout the 
study in both groups. Seven patients in the DEN group and 10 patients in the ZOL group had 
a history of smoking.

The mean BMD of the DEN group was −2.53 ± 1.15 in the lumbar spine and −3.03 ± 0.66 in the 
total hip; those of the ZOL group were not significantly different, −2.56 ± 1.17 in the lumbar spine 
and −3.02 ± 0.72 in the total hip. The mean TBS level was not significantly different between the 
two groups (1.27 ± 0.08 vs. 1.25 ± 0.10 ng/mL). The serum osteocalcin level was not significantly 
different between the two groups (49.2 ± 20.5 vs. 47.6 ± 29.9 ng/mL). The serum CTX level was 
not significantly different between the two groups (0.629 ± 0.214 vs. 0.611 ± 0.229 ng/mL). The 
serum vitamin D level was not significantly different between the two groups (22.8 ± 3.2 vs. 23.8 
± 3.7 ng/mL). The serum creatinine level was not significantly different between the two groups 
(0.79 ± 0.21 vs. 0.83 ± 0.22 mg/dL). The serum parathyroid hormone level was not significantly 
different between the two groups (38.4 ± 2.5 vs. 36.6 ± 2.7 ng/mL). The serum calcium level was 
not significantly different between the two groups (9.84 ± 0.81 vs. 9.63 ± 0.76 mg/dL).
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Clinical data
Clinical data at two-year follow-up is shown in Table 2.

BMD increased progressively from baseline at one- and two-year follow-up in both groups. 
BMD change from baseline at one year was significantly greater in the DEN group compared 
with the ZOL group at the lumbar spine (4.45 ± 0.9% vs. 3.41 ± 0.6%; P < 0.001), total hip 
(2.56 ± 0.7% vs. 2.04 ± 0.5%; P < 0.001), and femoral neck (3.12 ± 0.7% vs. 2.17 ± 0.4%; P 
< 0.001). BMD change from baseline at two years was also significantly greater in the DEN 
group compared with the ZOL group at the lumbar spine (9.74 ± 1.1% vs. 6.05 ± 0.9%; P < 
0.001), total hip (3.85 ± 0.9% vs. 3.14 ± 0.4%; P < 0.001), and femoral neck (5.22 ± 0.8% vs. 
3.86 ± 0.5%; P < 0.001) (Fig. 2).

In the DEN group, progressive increases from baseline at one- and two-year follow-up were 
observed for TBS (mean increases of 1.47 ± 0.6% and 2.51 ± 0.5%, respectively). In the ZOL 
group, TBS changes from baseline at one- and two-year follow-up were as shown (mean 
increases of −0.54 ± 0.2% and 0.12 ± 0.2%, respectively) (Fig. 2). The changes in TBS in the 
DEN group were statistically significant compared with baseline (P < 0.001) and the ZOL 
group (P < 0.001).

https://doi.org/10.3346/jkms.2022.37.e68
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Table 1. Demographic data
Characteristics DEN (n = 188) ZOL (n = 183) P value
Age, yr 71.5 ± 8.93 73.9 ± 8.39 0.464
BMI, kg/m2 23.7 ± 4.3 23.9 ± 3.8 0.246
Smoking 7 10 0.588
ASA classification (1-2-3) 109-60-19 103-62-17 0.437
BMD (t-score) 0.224

Spine −2.53 ± 1.15 −2.56 ± 1.17
Hip −3.03 ± 0.66 −3.02 ± 0.72
Femoral neck −2.87 ± 0.72 −2.83 ± 0.77

TBS 1.27 ± 0.08 1.25 ± 0.10 0.299
CTX, ng/mL 0.629 0.611 0.126
Osteocalcin, ng/mL 49.2 47.6 0.228
Calcium, mg/dL 9.84 ± 0.81 9.63 ± 0.76 0.386
Vitamin D, ng/mL 22.8 ± 3.2 23.8 ± 3.7 0.284
PTH, ng/mL 38.3 ± 2.4 36.6 ± 2.7 0.275
Creatinine, mg/dL 0.79 ± 0.21 0.83 ± 0.22 0.311
Previous fracture 12 13 0.201
DEN = denosumab, ZOL = zoledronic acid, BMI = body mass index, ASA = American Society of Anesthesiologists, 
BMD = bone mineral density, TBS = trabecular bone score, CTX = C-terminal cross-linking telopeptide of type 1 
collagen, PTH = parathyroid hormone.

Table 2. Clinical outcomes after 2 years follow-up

Characteristics DEN (n = 188) ZOL (n = 183) P value
BMD (t-score)

Spine (% change) −2.11 ± 1.15 (9.74 ± 1.1) −2.33 ± 1.22 (6.05 ± 0.9)
Hip (% change) −2.88 ± 0.64 (3.85 ± 0.9) −2.89 ± 0.78 (3.14 ± 0.4)
Femoral neck (% change) −2.67 ± 0.66 (5.22 ± 0.8) −2.70 ± 0.71 (3.86 ± 0.5)

TBS 1.28 ± 0.07 1.25 ± 0.07 0.182
CTX, ng/mL 0.193 0.251 0.041
Osteocalcin, ng/mL 22.1 25.2 0.002
Fracture 2 2 0.421
Adverse events 1 2 0.344
DEN = denosumab, ZOL = zoledronic acid, BMD = bone mineral density, TBS = trabecular bone score, CTX = 
C-terminal cross-linking telopeptide of type 1 collagen.
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CTX was reduced in both the DEN and ZOL groups. In the DEN group, CTX decreased to 0.178 
ng/mL and 0.193 ng/mL at one- and two-year follow-up, respectively. In the ZOL group, CTX 
decreased to 0.225 ng/mL and 0.251 ng/mL at one- and two-year follow-up, respectively. The DEN 
group had a significantly greater reduction of CTX compared with the ZOL group (P = 0.041). The 
changes of CTX in both groups were statistically significant from baseline (P < 0.001).

There was no statistically significant difference between the two groups in terms of fracture 
risk and adverse events. Two patients in each group developed new osteoporotic fractures 
within the two-year follow-up period. One patient in the DEN group reported transient 
erythema in the injection site. Two patients in the ZOL group experienced an acute phase flu-
like symptom. There was no serious adverse effect in either group.

Twenty-four-month persistence
The patients receiving DEN (every 6 months dosing frequency) had higher rates of 
persistence than the patients receiving ZOL (yearly dosing frequency). One-year persistence 
was 81.0% (235/290) in the DEN group and 76.9% (227/295) in the ZOL group. Two-
year persistence was 64.8% (188/290) in the DEN group and 62.0% (183/295) in the ZOL 
group. There was no statistically significant difference between the two groups in terms 
of persistence. There was no significant difference in clinical characteristics between the 
patients who completed and not completed 2 years follow-up.

DISCUSSION

The purpose of this study was to compare the effect after two-year administration of DEN and 
ZOL on BMD, TBS, BTMs, and persistence. DEN and ZOL increased BMD by reducing osteoclastic 
bone resorption, but the mechanism of action and pharmacodynamic profiles of these agents 
are different. In postmenopausal women with osteoporosis, DEN was associated with greater 
BMD increase at all measured skeletal sites, greater increase of TBS, greater inhibition of bone 
remodeling, and higher persistence compared with ZOL after two-year administration.

TBS is a novel tool for assessing fracture risk in postmenopausal women.29 TBS which is 
derived from lumbar spine DXA scans, provides information about bone microarchitecture 
and future fracture risk, helping physicians identify patients at risk of fracture.29 TBS has 
also been shown to reflect the effects on the treatment of osteoporosis and may help monitor 
treatment effectiveness.18,19 Changes in TBS appear to be affected by the type of osteoporosis 
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treatment. TBS may be considered useful as an additional tool in routine clinical practice for 
noninvasively evaluating bone microarchitecture.30

In this study, DEN showed a more marked improvement in TBS than ZOL at each annual 
assessment. Our results were consistent with previous studies which have evaluated DEN and 
ZOL individually. McClung et al.30 have reported that DEN showed significant progressive 
improvement of TBS independently of BMD (mean increase of 1.4%, 1.9%, and 2.4% in 
each of three consecutive years). Popp et al.19 have reported the changes of TBS with yearly 
administrated ZOL (0.03%, 1.11%, and 1.41% in each of three consecutive years). Changes 
in TBS were significantly greater as of month 24 (P = 0.049). Sato et al. reported a significant 
increase of TBS in alendronate (1.4%), DEN (2.8%), and teriparatide (3.6%) treated groups 
after 24 months. Senn et al.31 have reported greater improvement in TBS with teriparatide 
compared with ibandronate.

In this study, DEN showed a significant improvement in BMD than ZOL. The BMD results of 
our study are consistent with other studies which have evaluated DEN and ZOL individually. 
While an increase in spine BMD of 9.2% at 3 years was shown in patients taking DEN, an 
increase in spine BMD of 6.7% at 3 years was found in patients taking ZOL.2,3

The result of this study was consistent with two recently published meta-analyses compared 
the efficacy and safety of DEN and bisphosphonates in patient with osteoporosis.32,33 
There were only two studies comparing DEN and ZOL directly, and even these studies were 
conducted in patients who had previously been treated.34,35

Differences in the changes of BMD, TBS, and CTX in both groups may reflect the distinct 
mechanisms of action of these agents in inhibiting bone resorption. The superiority of DEN 
in comparison to ZOL can be explained by a greater antiresorptive effect. The osteoclast 
inhibition of bisphosphonate requires binding to bone minerals, but DEN works by directly 
binding to RANKL. As DEN binds to RANKL, DEN distinctively inhibits osteoclast formation, 
function, and survival.7 Unlike bisphosphonates, DEN is a circulating antibody and is expected 
to reach all sites in the bone including intracortical and trabecular bones. The strong affinity 
of bisphosphonates to hydroxyapatite and their incorporation into the bone matrix may limit 
their even distribution throughout the bone, especially deep inside the bone.7,36

In our study, two-year persistence of DEN and ZOL were 64.8% and 62.0%, respectively. 
The persistence of oral osteoporosis medications is generally low; injectable medications 
are associated with a higher rate of persistence.37 Longer dosing intervals are also likely to 
improve persistence. Since DEN is administered once every 6 months and ZOL is taken once 
a year, patients’ persistence with these agents may be increased. Injectable medications 
including teriparatide, DEN, and ZOL had significantly higher persistence compared with 
oral medications such as raloxifene and oral bisphosphonates.38 Injectable medications can 
overcome some of the disadvantages of oral medications such as cumbersome administration 
instructions and gastrointestinal side effects.39-41 Tremblay et al.’s population-based study 
reported persistence rates of DEN and ZOL were 63.3% and 74.8%, respectively, after two 
years.42 Rates of persistence with DEN for one year have ranged between 63% and 82%, and 
rate of persistence for ZOL was 68% at one year.28,43

This study had several limitations. First, a retrospective medical record analysis was 
performed. Due to retrospective nature of this study, effects of comorbidities that might 
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affect bone metabolism such as diabetes mellitus, neoplasms, hyperparathyroidism, and 
rheumatoid arthritis could not be evaluated. In addition, it was not possible to evaluate 
the reason for discontinuation of medication. Second, a small number of patients were 
included in the study. However, there was no previous study that compared the effect of 
DEN and ZOL in naïve postmenopausal osteoporotic patients in terms of BMD, TBS, BTMs, 
and persistence after two-year administration of these drugs. There were not enough new 
osteoporotic fracture patients, so it was not meaningful to compare the effects of the two 
agents preventing new fractures. However, DEN significantly increased TBS reflecting 
microarchitecture as well as BMD compared to ZOL. In the future, it is necessary to conduct a 
large-scale randomized comparative study comparing the BMD, TBS, and fracture preventing 
effects of these two agents.

In conclusion, in postmenopausal women with osteoporosis, two-year treatment with DEN 
was superior to treatment with ZOL in BMD at all measured skeletal sites, microarchitecture 
assessed by TBS, and inhibition of bone remodeling.

REFERENCES

 1. NIH consensus development panel on osteoporosis prevention, diagnosis, and therapy, March 7-29, 
2000: highlights of the conference. South Med J 2001;94(6):569-73.
PUBMED

 2. Black DM, Delmas PD, Eastell R, Reid IR, Boonen S, Cauley JA, et al. Once-yearly zoledronic acid for 
treatment of postmenopausal osteoporosis. N Engl J Med 2007;356(18):1809-22. 
PUBMED | CROSSREF

 3. Cummings SR, San Martin J, McClung MR, Siris ES, Eastell R, Reid IR, et al. Denosumab for prevention 
of fractures in postmenopausal women with osteoporosis. N Engl J Med 2009;361(8):756-65. 
PUBMED | CROSSREF

 4. McClung MR, Lewiecki EM, Cohen SB, Bolognese MA, Woodson GC, Moffett AH, et al. Denosumab in 
postmenopausal women with low bone mineral density. N Engl J Med 2006;354(8):821-31. 
PUBMED | CROSSREF

 5. Tokeshi S, Eguchi Y, Suzuki M, Yamanaka H, Tamai H, Orita S, et al. Relationship between skeletal muscle 
mass, bone mineral density, and trabecular bone score in osteoporotic vertebral compression fractures. 
Asian Spine J 2021;15(3):365-72. 
PUBMED | CROSSREF

 6. Lee J, Chang G, Kang H, Ham DW, Lee JS, Jung HS, et al. Impact of bone mineral density on the incidence 
of age-related vertebral fragility fracture. J Korean Med Sci 2020;35(17):e116. 
PUBMED | CROSSREF

 7. Baron R, Ferrari S, Russell RG. Denosumab and bisphosphonates: different mechanisms of action and 
effects. Bone 2011;48(4):677-92. 
PUBMED | CROSSREF

 8. Bock O, Felsenberg D. Bisphosphonates in the management of postmenopausal osteoporosis--optimizing 
efficacy in clinical practice. Clin Interv Aging 2008;3(2):279-97. 
PUBMED | CROSSREF

 9. Lacey DL, Timms E, Tan HL, Kelley MJ, Dunstan CR, Burgess T, et al. Osteoprotegerin ligand is a cytokine 
that regulates osteoclast differentiation and activation. Cell 1998;93(2):165-76. 
PUBMED | CROSSREF

 10. Bone HG, Bolognese MA, Yuen CK, Kendler DL, Wang H, Liu Y, et al. Effects of denosumab on bone 
mineral density and bone turnover in postmenopausal women. J Clin Endocrinol Metab 2008;93(6):2149-57. 
PUBMED | CROSSREF

 11. Majumdar S. A review of magnetic resonance (MR) imaging of trabecular bone micro-architecture: 
contribution to the prediction of biomechanical properties and fracture prevalence. Technol Health Care 
1998;6(5-6):321-7. 
PUBMED | CROSSREF

https://doi.org/10.3346/jkms.2022.37.e68

Efficacy of Denosumab and Zoledronic Acid

http://www.ncbi.nlm.nih.gov/pubmed/11440324
http://www.ncbi.nlm.nih.gov/pubmed/17476007
https://doi.org/10.1056/NEJMoa067312
http://www.ncbi.nlm.nih.gov/pubmed/19671655
https://doi.org/10.1056/NEJMoa0809493
http://www.ncbi.nlm.nih.gov/pubmed/16495394
https://doi.org/10.1056/NEJMoa044459
http://www.ncbi.nlm.nih.gov/pubmed/32872758
https://doi.org/10.31616/asj.2020.0045
http://www.ncbi.nlm.nih.gov/pubmed/32356418
https://doi.org/10.3346/jkms.2020.35.e116
http://www.ncbi.nlm.nih.gov/pubmed/21145999
https://doi.org/10.1016/j.bone.2010.11.020
http://www.ncbi.nlm.nih.gov/pubmed/18686751
https://doi.org/10.2147/CIA.S2134
http://www.ncbi.nlm.nih.gov/pubmed/9568710
https://doi.org/10.1016/S0092-8674(00)81569-X
http://www.ncbi.nlm.nih.gov/pubmed/18381571
https://doi.org/10.1210/jc.2007-2814
http://www.ncbi.nlm.nih.gov/pubmed/10100935
https://doi.org/10.3233/THC-1998-65-605


9/10https://jkms.org

 12. Pothuaud L, Barthe N, Krieg MA, Mehsen N, Carceller P, Hans D. Evaluation of the potential use 
of trabecular bone score to complement bone mineral density in the diagnosis of osteoporosis: a 
preliminary spine BMD-matched, case-control study. J Clin Densitom 2009;12(2):170-6. 
PUBMED | CROSSREF

 13. Pothuaud L, Carceller P, Hans D. Correlations between grey-level variations in 2D projection images 
(TBS) and 3D microarchitecture: applications in the study of human trabecular bone microarchitecture. 
Bone 2008;42(4):775-87. 
PUBMED | CROSSREF

 14. Winzenrieth R, Michelet F, Hans D. Three-dimensional (3D) microarchitecture correlations with 2D 
projection image gray-level variations assessed by trabecular bone score using high-resolution computed 
tomographic acquisitions: effects of resolution and noise. J Clin Densitom 2013;16(3):287-96. 
PUBMED | CROSSREF

 15. Hans D, Barthe N, Boutroy S, Pothuaud L, Winzenrieth R, Krieg MA. Correlations between trabecular 
bone score, measured using anteroposterior dual-energy X-ray absorptiometry acquisition, and 
3-dimensional parameters of bone microarchitecture: an experimental study on human cadaver vertebrae. 
J Clin Densitom 2011;14(3):302-12. 
PUBMED | CROSSREF

 16. Silva BC, Leslie WD, Resch H, Lamy O, Lesnyak O, Binkley N, et al. Trabecular bone score: a noninvasive 
analytical method based upon the DXA image. J Bone Miner Res 2014;29(3):518-30. 
PUBMED | CROSSREF

 17. Kong SH, Hong N, Kim JW, Kim DY, Kim JH. Application of the trabecular bone score in clinical practice. 
J Bone Metab 2021;28(2):101-13. 
PUBMED | CROSSREF

 18. Krieg MA, Aubry-Rozier B, Hans D, Leslie WD; Manitoba Bone Density Program. Effects of anti-
resorptive agents on trabecular bone score (TBS) in older women. Osteoporos Int 2013;24(3):1073-8. 
PUBMED | CROSSREF

 19. Popp AW, Guler S, Lamy O, Senn C, Buffat H, Perrelet R, et al. Effects of zoledronate versus placebo 
on spine bone mineral density and microarchitecture assessed by the trabecular bone score in 
postmenopausal women with osteoporosis: a three-year study. J Bone Miner Res 2013;28(3):449-54. 
PUBMED | CROSSREF

 20. Hadji P, Claus V, Ziller V, Intorcia M, Kostev K, Steinle T. GRAND: the German retrospective cohort 
analysis on compliance and persistence and the associated risk of fractures in osteoporotic women 
treated with oral bisphosphonates. Osteoporos Int 2012;23(1):223-31. 
PUBMED | CROSSREF

 21. Siris ES, Selby PL, Saag KG, Borgström F, Herings RM, Silverman SL. Impact of osteoporosis treatment 
adherence on fracture rates in North America and Europe. Am J Med 2009;122(2 Suppl):S3-13. 
PUBMED | CROSSREF

 22. Höer A, Seidlitz C, Gothe H, Schiffhorst G, Olson M, Hadji P, et al. Influence on persistence and adherence 
with oral bisphosphonates on fracture rates in osteoporosis. Patient Prefer Adherence 2009;3:25-30.
PUBMED

 23. Park CH, Jung KJ, Nho JH, Kim JH, Won SH, Chun DI, et al. Impact on bisphosphonate persistence and 
compliance: daily postprandial administration. J Bone Metab 2019;26(1):39-44. 
PUBMED | CROSSREF

 24. Silverman SL, Gold DT. Compliance and persistence with osteoporosis therapies. Curr Rheumatol Rep 
2008;10(2):118-22. 
PUBMED | CROSSREF

 25. Huybrechts KF, Ishak KJ, Caro JJ. Assessment of compliance with osteoporosis treatment and its 
consequences in a managed care population. Bone 2006;38(6):922-8. 
PUBMED | CROSSREF

 26. Karlsson L, Lundkvist J, Psachoulia E, Intorcia M, Ström O. Persistence with denosumab and persistence 
with oral bisphosphonates for the treatment of postmenopausal osteoporosis: a retrospective, 
observational study, and a meta-analysis. Osteoporos Int 2015;26(10):2401-11. 
PUBMED | CROSSREF

 27. Kobayashi K, Ando K, Machino M, Morozumi M, Kanbara S, Ito S, et al. Persistence of denosumab 
therapy among patients with osteoporosis. Asian Spine J 2020;14(4):453-8. 
PUBMED | CROSSREF

 28. Silverman SL, Siris E, Kendler DL, Belazi D, Brown JP, Gold DT, et al. Persistence at 12 months 
with denosumab in postmenopausal women with osteoporosis: interim results from a prospective 
observational study. Osteoporos Int 2015;26(1):361-72. 
PUBMED | CROSSREF

https://doi.org/10.3346/jkms.2022.37.e68

Efficacy of Denosumab and Zoledronic Acid

http://www.ncbi.nlm.nih.gov/pubmed/19181553
https://doi.org/10.1016/j.jocd.2008.11.006
http://www.ncbi.nlm.nih.gov/pubmed/18234577
https://doi.org/10.1016/j.bone.2007.11.018
http://www.ncbi.nlm.nih.gov/pubmed/22749406
https://doi.org/10.1016/j.jocd.2012.05.001
http://www.ncbi.nlm.nih.gov/pubmed/21724435
https://doi.org/10.1016/j.jocd.2011.05.005
http://www.ncbi.nlm.nih.gov/pubmed/24443324
https://doi.org/10.1002/jbmr.2176
http://www.ncbi.nlm.nih.gov/pubmed/34130362
https://doi.org/10.11005/jbm.2021.28.2.101
http://www.ncbi.nlm.nih.gov/pubmed/23052939
https://doi.org/10.1007/s00198-012-2155-y
http://www.ncbi.nlm.nih.gov/pubmed/23018784
https://doi.org/10.1002/jbmr.1775
http://www.ncbi.nlm.nih.gov/pubmed/21308365
https://doi.org/10.1007/s00198-011-1535-z
http://www.ncbi.nlm.nih.gov/pubmed/19187810
https://doi.org/10.1016/j.amjmed.2008.12.002
http://www.ncbi.nlm.nih.gov/pubmed/19936142
http://www.ncbi.nlm.nih.gov/pubmed/30899723
https://doi.org/10.11005/jbm.2019.26.1.39
http://www.ncbi.nlm.nih.gov/pubmed/18460266
https://doi.org/10.1007/s11926-008-0021-x
http://www.ncbi.nlm.nih.gov/pubmed/16330270
https://doi.org/10.1016/j.bone.2005.10.022
http://www.ncbi.nlm.nih.gov/pubmed/26282229
https://doi.org/10.1007/s00198-015-3253-4
http://www.ncbi.nlm.nih.gov/pubmed/31940712
https://doi.org/10.31616/asj.2019.0230
http://www.ncbi.nlm.nih.gov/pubmed/25236877
https://doi.org/10.1007/s00198-014-2871-6


10/10https://jkms.org

 29. Hans D, Goertzen AL, Krieg MA, Leslie WD. Bone microarchitecture assessed by TBS predicts osteoporotic 
fractures independent of bone density: the Manitoba study. J Bone Miner Res 2011;26(11):2762-9. 
PUBMED | CROSSREF

 30. McClung MR, Lippuner K, Brandi ML, Zanchetta JR, Bone HG, Chapurlat R, et al. Effect of denosumab 
on trabecular bone score in postmenopausal women with osteoporosis. Osteoporos Int 2017;28(10):2967-73. 
PUBMED | CROSSREF

 31. Senn C, Günther B, Popp AW, Perrelet R, Hans D, Lippuner K. Comparative effects of teriparatide and 
ibandronate on spine bone mineral density (BMD) and microarchitecture (TBS) in postmenopausal 
women with osteoporosis: a 2-year open-label study. Osteoporos Int 2014;25(7):1945-51. 
PUBMED | CROSSREF

 32. Wu J, Zhang Q, Yan G, Jin X. Denosumab compared to bisphosphonates to treat postmenopausal 
osteoporosis: a meta-analysis. J Orthop Surg 2018;13(1):194. 
PUBMED | CROSSREF

 33. Lyu H, Jundi B, Xu C, Tedeschi SK, Yoshida K, Zhao S, et al. Comparison of denosumab and 
bisphosphonates in patients with osteoporosis: a meta-analysis of randomized controlled trials. J Clin 
Endocrinol Metab 2019;104(5):1753-65. 
PUBMED | CROSSREF

 34. Anastasilakis AD, Polyzos SA, Gkiomisi A, Saridakis ZG, Digkas D, Bisbinas I, et al. Denosumab versus 
zoledronic acid in patients previously treated with zoledronic acid. Osteoporos Int 2015;26(10):2521-7. 
PUBMED | CROSSREF

 35. Miller PD, Pannacciulli N, Brown JP, Czerwinski E, Nedergaard BS, Bolognese MA, et al. Denosumab 
or zoledronic acid in postmenopausal women with osteoporosis previously treated with oral 
bisphosphonates. J Clin Endocrinol Metab 2016;101(8):3163-70. 
PUBMED | CROSSREF

 36. Russell RG, Watts NB, Ebetino FH, Rogers MJ. Mechanisms of action of bisphosphonates: similarities 
and differences and their potential influence on clinical efficacy. Osteoporos Int 2008;19(6):733-59. 
PUBMED | CROSSREF

 37. Durden E, Pinto L, Lopez-Gonzalez L, Juneau P, Barron R. Two-year persistence and compliance with 
osteoporosis therapies among postmenopausal women in a commercially insured population in the 
United States. Arch Osteoporos 2017;12(1):22. 
PUBMED | CROSSREF

 38. Eliasaf A, Amitai A, Maram Edry M, Yosselson Superstine S, Rotman Pikielny P. Compliance, persistence, 
and preferences regarding osteoporosis treatment during active therapy or drug holiday. J Clin Pharmacol 
2016;56(11):1416-22. 
PUBMED | CROSSREF

 39. Ziller V, Kostev K, Kyvernitakis I, Boeckhoff J, Hadji P. Persistence and compliance of medications used in 
the treatment of osteoporosis--analysis using a large scale, representative, longitudinal German database. 
Int J Clin Pharmacol Ther 2012;50(5):315-22. 
PUBMED | CROSSREF

 40. Kendler DL, Macarios D, Lillestol MJ, Moffett A, Satram-Hoang S, Huang J, et al. Influence of patient 
perceptions and preferences for osteoporosis medication on adherence behavior in the Denosumab 
Adherence Preference Satisfaction study. Menopause 2014;21(1):25-32. 
PUBMED | CROSSREF

 41. Migliaccio S, Resmini G, Buffa A, Fornari R, Di Pietro G, Cerocchi I, et al. Evaluation of persistence and 
adherence to teriparatide treatment in patients affected by severe osteoporosis (PATT): a multicenter 
observational real life study. Clin Cases Miner Bone Metab 2013;10(1):56-60. 
PUBMED | CROSSREF

 42. Tremblay É, Perreault S, Dorais M. Persistence with denosumab and zoledronic acid among older women: 
a population-based cohort study. Arch Osteoporos 2016;11(1):30. 
PUBMED | CROSSREF

 43. Cheng LI, Durden E, Limone B, Radbill L, Juneau PL, Spangler L, et al. Persistance and compliance with 
osteroporosis therapies among women in a commercially insured population in the United States. J Manag 
Care Spec Pharm 2015;21(9):824-33, 833a. 
PUBMED | CROSSREF

https://doi.org/10.3346/jkms.2022.37.e68

Efficacy of Denosumab and Zoledronic Acid

http://www.ncbi.nlm.nih.gov/pubmed/21887701
https://doi.org/10.1002/jbmr.499
http://www.ncbi.nlm.nih.gov/pubmed/28748386
https://doi.org/10.1007/s00198-017-4140-y
http://www.ncbi.nlm.nih.gov/pubmed/24760244
https://doi.org/10.1007/s00198-014-2703-8
http://www.ncbi.nlm.nih.gov/pubmed/30071889
https://doi.org/10.1186/s13018-018-0865-3
http://www.ncbi.nlm.nih.gov/pubmed/30535289
https://doi.org/10.1210/jc.2018-02236
http://www.ncbi.nlm.nih.gov/pubmed/25990355
https://doi.org/10.1007/s00198-015-3174-2
http://www.ncbi.nlm.nih.gov/pubmed/27270237
https://doi.org/10.1210/jc.2016-1801
http://www.ncbi.nlm.nih.gov/pubmed/18214569
https://doi.org/10.1007/s00198-007-0540-8
http://www.ncbi.nlm.nih.gov/pubmed/28243883
https://doi.org/10.1007/s11657-017-0316-5
http://www.ncbi.nlm.nih.gov/pubmed/26999526
https://doi.org/10.1002/jcph.738
http://www.ncbi.nlm.nih.gov/pubmed/22541835
https://doi.org/10.5414/CP201632
http://www.ncbi.nlm.nih.gov/pubmed/23676636
https://doi.org/10.1097/GME.0b013e31828f5e5d
http://www.ncbi.nlm.nih.gov/pubmed/23858313
https://doi.org/10.11138/ccmbm/2013.10.1.056
http://www.ncbi.nlm.nih.gov/pubmed/27679503
https://doi.org/10.1007/s11657-016-0282-3
http://www.ncbi.nlm.nih.gov/pubmed/26308229
https://doi.org/10.18553/jmcp.2015.21.9.824

	Comparison of Denosumab and Zoledronic Acid in Postmenopausal Women With Osteoporosis: Bone Mineral Density (BMD) and Trabecular Bone Score (TBS)
	INTRODUCTION
	MATERIALS AND METHODS
	Statistical analysis
	Ethics statement

	RESULTS
	Clinical data
	Twenty-four-month persistence

	DISCUSSION
	REFERENCES


