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Background: Persistence with denosumab in male patients has not been adequately investigated, although poor denosumab persis-
tence is associated with a significant risk of rebound vertebral fractures. 
Methods: We retrospectively evaluated 294 Korean male osteoporosis patients treated with denosumab at three medical centers and 
examined their persistence with four doses of denosumab injection over 24 months of treatment. Persistence was defined as the ex-
tent to which a patient adhered to denosumab treatment in terms of the prescribed interval and dose, with a permissible gap of 8 
weeks. For patients who missed their scheduled treatment appointment(s) during the follow-up period (i.e., no-shows), Cox propor-
tional regression analysis was conducted to explore the factors associated with poor adherence. Several factors were considered, 
such as age, prior anti-osteoporotic drug use, the treatment provider’s medical specialty, the proximity to the medical center, and fi-
nancial burdens of treatment. 
Results: Out of 294 male patients, 77 (26.2%) completed all four sequential rounds of the denosumab treatment. Out of 217 patients 
who did not complete the denosumab treatment, 138 (63.6%) missed the scheduled treatment(s). Missing treatment was significantly 
associated with age (odds ratio [OR], 1.03), prior bisphosphonate use (OR, 0.76), and prescription by non-endocrinologists (OR, 
2.24). Denosumab was stopped in 44 (20.3%) patients due to medical errors, in 24 (11.1%) patients due to a T-score improvement 
over –2.5, and in five (2.3%) patients due to expected dental procedures.
Conclusion: Our study showed that only one-fourth of Korean male osteoporosis patients were fully adherent to 24 months of deno-
sumab treatment.
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INTRODUCTION

Osteoporosis is a major disease affecting more than 200 million 
people worldwide [1]. Osteoporosis decreases bone strength, 
subsequently increasing the risk of fracture and leading to nota-
ble morbidity and diminished quality of life. Denosumab, the 
first-approved biologic agent for the treatment of osteoporosis, 
is a potent antiresorptive drug that can significantly reduce the 
risk of hip, vertebral, and non-vertebral fractures [2,3]. Accord-
ing to the most recent records of the Health Insurance Review 
and Assessment Service in South Korea, denosumab is the most 
frequently prescribed anti-osteoporosis drug, accounting for 
30% of the entire market share of osteoporosis medications. 
However, concerns exist about the loss of gained bone mineral 
density (BMD) and rebound vertebral fractures associated with 
the discontinuation of denosumab injections [4-6]. Importantly, 
a short off-treatment period of 2 to 10 months has been reported 
to be enough to yield an elevated risk of fracture events [7]. 
Thus, persistence with denosumab is crucial for achieving ther-
apeutic benefits. 

The importance of drug persistence in treating osteoporosis to 
achieve the goal of fracture prevention is well-recognized and 
emphasized in several prior studies [8,9]. The issue of poor per-
sistence not only directly impacts fracture rates and associated 
mortality, but also contributes to increasing healthcare costs [8, 
10-12]. Persistence with osteoporosis-related therapy has been 
extensively studied in women, but there is a dearth of available 
data on men. Unlike women, men do not experience menopause, 
which is associated with rapid bone loss, but they lose substantial 
amounts of bone with aging. This results in low bone mass and 
microstructural worsening with a subsequently increased suscep-
tibility to fracture. Globally, 39% of all osteoporotic fractures are 
estimated to occur in men over the age of 50 [13]. Moreover, the 
number of osteoporotic fractures in Korean men is increasing. 
However, eight out of 10 men with osteoporosis in Korea are not 
taking anti-osteoporosis medications [14]. Public awareness of 
the importance of persistence in osteoporosis treatment in men 
should be raised since mortality after hip fracture is higher in 
men than in women at any point in their life [15,16]. In this con-
text, it is worth emphasizing that relatively few studies based on 
real-world data have evaluated the rate of persistence with deno-
sumab in male osteoporosis patients. The underlying mecha-
nisms of treatment adherence are not fully understood, but there 
are likely to be multiple contributing factors. Thus, the present 
study aimed to examine persistence with denosumab therapy in 
male osteoporosis patients and explore the factors associated 

with treatment adherence.

METHODS

Data sources
We retrospectively evaluated male patients with osteoporosis 
receiving denosumab treatment for the first time from April 
2019 to February 2022 at three medical centers: Seoul St. 
Mary’s Hospital, Yeouido St. Mary’s Hospital, and Uijeongbu 
St. Mary’s Hospital in South Korea. The first of those institu-
tions is a tertiary hospital and the second is a secondary hospital, 
both of which are located in a megalopolis. The third is a sec-
ondary hospital located in the city of Uijeongbu. 

Men aged 50 years or older diagnosed with osteoporosis were 
included in the present study. Initially, 319 male osteoporosis 
patients were eligible for the study. Among them, eight patients 
who stopped denosumab but received an alternative treatment 
without delay were excluded from the analysis. Five patients 
who died during the 24-month follow-up period were also ex-
cluded. Twelve patients were transferred to another medical 
center. The final sample included 294 male osteoporosis pa-
tients treated with denosumab. The study was approved by the 
Institutional Review Board of the Catholic University of Korea 
(XC22RIDI0016). Written informed consent by the patients 
was waived due to a retrospective nature of our study.

Persistence
We defined persistence according to the taxonomies of the In-
ternational Society of Pharmacoeconomics and Outcomes Re-
search [17] and Vrijens et al. [18] as follows: the extent to which 
a patient adheres to the denosumab treatment procedure in terms 
of the prescribed interval and dosing regimen. The outcomes in-
cluded persistence over a 24-month period of follow-up for 
each patient. A permissible gap of up to 8 weeks between repeat 
injections was allowed, as in prior studies [19-23]. To explore 
the effects of different permissible gaps on denosumab persis-
tence, we also performed a sensitivity analysis using 4-, 8-, and 
12-week gaps. Doses given after the permissible gap were dis-
regarded.

Potential factors contributing to the discontinuation of 
denosumab
Factors that were potentially associated with denosumab adher-
ence included age, sex, proximity to the medical center, prior 
anti-osteoporotic drug use, any recorded medication-related side 
effect experience, medical center classification (i.e., secondary 
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or tertiary), malignancy history, rural-urban classification of 
residence (i.e., megalopolis/metropolitan city or village or city), 
financial burden of the treatment, number of prior hospitaliza-
tions, and the treatment provider’s medical specialty (i.e., an en-
docrinologist or another specialist). The financial burden of the 
treatment was determined based on whether the patients were 
health insurance subscribers or Medical Aid beneficiaries. A 
“no-show” was operationalized as an occasion when a patient 
missed his or her scheduled treatment appointment(s), interrupt-
ing the continuous denosumab treatment procedure.

South Korean National Health Insurance reimbursement 
system 
In South Korea, all citizens are automatically subscribed to the 
government-run National Health Insurance System [24]. Mean-
while, the Medical Aid program offers medical services to those 
with low income (medical care beneficiaries). For those benefi-
ciaries, the co-pay is less than 2 U.S. dollars (USD) for each 
outpatient clinic visit. In South Korea, denosumab received in-
surance coverage as a primary treatment for osteoporosis in 
April 2019. For ordinary health insurance subscribers, the 
amount of co-pay for denosumab injection is approximately 100 
USD. However, denosumab is no longer reimbursable in both 
groups once a patient’s condition improves to the point that 
BMD falls within the range indicating osteopenia, that is, a T-
score >−2.5 at all skeletal sites. 

Treatment schemes 
Patients underwent dual-energy X-ray absorptiometry every 12 
months after the first administration of denosumab. Denosumab 
(60 mg, Amgen Inc., Thousand Oaks, CA, USA) was adminis-
tered subcutaneously in the upper arm every 6 months, with vi-
tamin D and/or calcium supplementation. Patients’ persistence 
with the four doses of denosumab over the 24-month treatment 
procedure was investigated. 

Statistical analysis
All data were statistically analyzed using R version 4.1.0 (R 
Foundation for Statistical Computing, Vienna, Austria). All de-
scriptive statistics are presented as means±standard deviations 
for continuous measures and as percentages for categorical 
measures. A P value <0.05 was considered to indicate statistical 
significance. The Kaplan-Meier estimator was used to explore 
and compare the persistence rate. To examine the factors associ-
ated with poor denosumab persistence in no-show patients, uni-
variate and multivariate Cox proportional regression analyses 

were conducted, including no-shows and patients who received 
all four doses of denosumab.

RESULTS

General baseline parameters
The baseline characteristics of the 294 patients are summarized 
in Table 1. All of them were male osteoporosis patients treated 
with denosumab. They were 50 to 96 years old, and the mean 
age was 72.9±10.4 years. Among them, 190 (64.6%) were anti-
osteoporotic drug-naïve, 76 (25.9%) were switched from prior 
bisphosphonate treatment to denosumab, and 28 (9.5%) were 

Table 1. General Baseline Characteristics of the Study Partici-
pants (n=294)

Variable Value

Age, yr 72.9±10.4

Prior anti-osteoporotic drug use

   Drug-naive 190 (64.6)

   Bisphosphonate 76 (25.9)

   Teriparatide 28 (9.5)

Provider’s medical specialty

   Endocrinologist 58 (19.7)

   Other than endocrinologist 236 (80.3)

Medication-related side effect experience   

   Yes 66 (22.4)

   No  228 (77.6)

Malignancy history

   Yes 68 (23.1)

   No  226 (76.9)

Medical center classification

   Secondary 123 (41.8)

   Tertiary 171 (58.2)

Classification of residence

   Megalopolis/Metropolitan city 172 (58.5)

   Village 17 (5.8)

   City 103 (35.0)

   Unknown  2 (0.7)

Proximity to the medical center, km 28.3±61.6

Financial burden

   Health insurance subscriber 286 (97.3)

   Medical Aid beneficiary 8 (2.7)

No. of prior hospitalizations 5.2±6.6

Values are expressed as mean±standard deviation or number (%).
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switched from teriparatide. Furthermore, 58 (29.7%) patients 
were prescribed denosumab by endocrinologists. Additionally, 
286 (97.3%) patients were ordinary national health insurance 
subscribers, while eight (2.7%) patients were Medical Aid ben-
eficiaries.

Persistence in the dosing schedule of denosumab therapy
The percentages of patients who persisted with denosumab over 
24 months (equal to receiving subsequent injections within 6 
months±the permissible gap) are represented using Kaplan-Mei-
er curves with permissible gaps of 4, 8, and 12 weeks (Fig. 1). 
Using a permissible gap of 8 weeks, 77 patients received all four 

doses of denosumab. The persistence rate of denosumab therapy 
was 59.2% at 12 months, 30.6% at 18 months, and 26.2% at 24 
months. Using permissible gaps of 4 and 12 weeks, the persis-
tence rates at months 12 and 24 were 55.8%–61.6% and 24.1%–
27.9%, respectively (P=0.37). The reasons for the abrupt dis-
continuation of denosumab with a permissible gap of 8 weeks 
were analyzed following an extensive chart review. Patients 
(n=138, 63.6%) did not appear as scheduled at the medical cen-
ter (no-shows). Denosumab was stopped without any alternative 
treatment in 44 (20.3%) patients due to an inadvertent mistake 
made by medical staff, in 24 (11.1%) patients due to improve-
ment of the BMD T-score over –2.5, and in five (2.3%) patients 

Fig. 1. Kaplan-Meier estimates of persistence with denosumab with 
4-, 8-, and 12-week permissible gaps.
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Fig. 2. Analysis of reasons for denosumab discontinuation. BMD, 
bone mineral density.
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Table 2. Univariate Cox Regression Analysis for Predicting No-Show Patients

Variable Coef Exp (coef) 95% CI P value

Age 0.040 1.041 1.021–1.061 0.00

Prior bisphosphonate use –0.991 0.371 0.221–0.623 0.00

Prior teriparatide –0.111 0.895 0.519–1.544 0.69

Prescription by non-endocrinologists 0.921 2.511 1.539–4.097 0.00

No experience of medication-related side effects –0.135 0.874 0.560–1.364 0.55

No malignancy history 0.082 1.086 0.720–1.637 0.69

Tertiary hospital –0.245 0.783 0.551–1.112 0.17

Residence in a city 0.178 1.195 0.818–1.744 0.36

Residence in a village 0.222 1.248 0.601–2.592 0.55

Proximity to the medical center –0.001 0.999 0.996–1.002 0.61

Medical Aid beneficiary –0.756 0.469 0.116–1.898 0.29

No. of prior hospitalizations –0.010 0.990 0.959–1.023 0.55

CI, confidence interval.
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due to expected dental procedures. Other reasons for denosumab 
discontinuation included patient refusal (n=3, 1.0%), poor gen-
eral condition (n=2, 0.9%), and the occurrence of medication-
related osteonecrosis of the jaw (n=1, 0.5%) (Fig. 2). 

Results of Cox regression analysis
Table 2 shows the results of the univariate analysis of the no-
show patients’ data. Factors that could potentially influence no-
shows were investigated in the analysis, including age, prior an-
ti-osteoporotic drug use, medication-related side effect experi-
ence, medical center classification, malignancy history, and the 
treatment provider’s medical specialty. Age (odds ratio [OR], 
1.04; 95% confidence interval [CI], 1.02 to 1.06), prior bisphos-
phonate use (OR, 0.37; 95% CI, 0.22 to 0.62), and prescription 
by non-endocrinologists (OR, 2.51; 95% CI, 1.54 to 4.01) were 
significantly associated with no-shows. Multivariate Cox re-
gression analysis returned similar findings, according to which 
age (OR, 1.03; 95% CI, 1.01 to 1.05), prior bisphosphonate use 
(OR, 0.40; 95% CI, 0.24 to 0.68), and prescription by non-en-
docrinologists (OR, 2.24; 95% CI, 1.36 to 3.68) were the only 

significant factors associated with no-shows (Fig. 3).

DISCUSSION

Our multicenter study based on real-world data showed that 
26.2% of Korean male osteoporosis patients completed 24 
months of denosumab treatment. Several prior retrospective 
studies have been conducted to investigate the persistence with 
denosumab (Supplemental Table S1) [19-23,25-34]. However, 
few studies have explored persistence with denosumab in the 
male population. The current understanding of the persistence 
with denosumab has been disproportionately based on limited 
studies in the female population. 

The majority of the published studies on persistence with de-
nosumab observed patients over a 24-month treatment period, 
and the persistence rates varied from 28.3% to 59.6% (Supple-
mental Table S1). This remarkable variation may be attributed 
to heterogeneity in study populations regarding age, culture, 
drug costs, and healthcare systems, as well as the size, design, 
and type of studies [23]. In Korea, national health insurance re-

Fig. 3. Forest plot of multivariate Cox proportional regression analysis for predicting no-shows of patients. The variables included in the 
analysis were age, prior anti-osteoporotic drug use, medication-related side effect experience, medical center classification, malignancy his-
tory, the treatment provider’s medical specialty, classification of residence, Medical Aid beneficiary status, number of prior hospitalizations, 
and the treatment provider’s medical specialty. CI, confidence interval.
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imburses the cost of denosumab treatment only when patients’ 
lowest BMD T-score is –2.5 or lower. Therefore, it is improba-
ble that patients who are undergoing follow-up at clinics would 
have switched to other practitioners without having their BMD 
measured again. For this reason, persistence with denosumab in 
the present study was unlikely to be underestimated. In this 
study, the persistence rate after 24 months was 26.2% overall in 
male patients, as defined by receiving five total injections, with 
an 8-week grace period. 

The most frequent reason for sudden denosumab discontinua-
tion was patients missing scheduled appointment(s), and some 
factors were found to be associated with no-shows. In our anal-
ysis, aging was significantly associated with poor denosumab 
persistence. Past studies examining adherence to osteoporosis 
treatment found conflicting results; namely, age was not associ-
ated with compromised persistence in some studies [20,35], 
while persistence declined with age in other studies [19,23, 
36,37]. Arguably, making a trip to a healthcare facility to receive 
denosumab treatment every 6 months can be challenging for el-
derly patients.

A history of recent use of osteoporosis medications at base-
line was significantly associated with persistence, in accordance 
with the findings of previous research [19,20,23]. In particular, 
our study replicated the findings of Tremblay et al. [19], who 
demonstrated that prior bisphosphonate treatment was associat-
ed with greater persistence with denosumab therapy. One viable 
explanation is that treatment-experienced patients, as opposed 
to treatment-naïve patients, may be more informed and knowl-
edgeable about their disease and the need for their medication 
[19,25].

Patients were more likely to be adherent to denosumab thera-
py when it was prescribed by endocrinologists than they were 
prescribed by non-endocrinologists. The same finding was re-
ported in a study by Chandran et al. [25]. Patients were 2.25 
times more likely to adhere to denosumab when treated by en-
docrinologists than they were treated by non-endocrinologists 
over the 24 months of denosumab therapy. The underlying rea-
son is unclear. The potential relationship between treatment 
providers’ specialty and the quality/effectiveness of communi-
cation with patients about the importance of denosumab persis-
tence needs to be further explored. Patients with osteoporosis 
generally have poor awareness and knowledge regarding their 
condition [38]. Efforts should be made to prevent no-shows by 
educating patients.

We found that adherence to denosumab was not significantly 
related to the proximity to the medical center. A previous retro-

spective study revealed that a greater distance from one’s resi-
dence to a clinic was associated with compromised treatment 
persistence, although the relationship was not statistically sig-
nificant [39]. In Korea, it takes less than a half-day for a round 
trip between most cities and we presume that the impact of the 
proximity to medical centers was not substantial in the context 
of our study. 

Low socioeconomic status has been shown to be associated 
with non-persistence with oral medications in general [40], and 
previous research showed a decline in medication persistence 
when out-of-pocket drug costs were high [41]. However, our 
study showed that the difference in co-pay between health in-
surance subscribers and Medical Aid beneficiaries was not sig-
nificantly associated with patients’ adherence to denosumab. In 
Korea, the amount of co-pay for denosumab injection does not 
exceed 100 USD even for ordinary health insurance subscribers. 
We view that the non-significant difference between the two 
groups can be attributed to the relatively low economic burden 
of denosumab. Unique healthcare systems and varying financial 
burdens in different countries should be considered when exam-
ining treatment persistence.

The second most frequent reason for sudden denosumab dis-
continuation was an inadvertent mistake made by medical prac-
titioners. Nearly 15% of all patients discontinued denosumab 
due to physicians’ errors. Furthermore, 8.1% of the total patients 
stopped denosumab after their BMD improved, without other 
anti-osteoporosis medicine for consolidation treatment. As men-
tioned earlier, the Korean National Health Insurance System 
covers denosumab treatment only when patients’ annual BMD 
T-score is below –2.5. It is up to medical practitioners to per-
suade patients to continue lower-cost consolidation treatment 
even after they become ineligible for health insurance coverage 
for denosumab. 

Some physicians discontinued prescribing denosumab before 
any expected dental procedures without switching to any other 
anti-osteoporosis therapy. Although there has been a report sug-
gesting a time window of opportunity for dental procedures to 
reduce the risk of occurrence of medication-related osteonecro-
sis of the jaw [42] in patients receiving denosumab treatment, 
there is no consensus on the discontinuation of denosumab prior 
to dental procedures. Thus, denosumab discontinuation needs to 
be discouraged. 

There are two main strengths of our study. To our best knowl-
edge, this is the first study documenting persistence with deno-
sumab therapy in male osteoporosis patients. Men have gener-
ally been considered to be less adherent to osteoporosis therapy 
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than women. However, studies have reported conflicting find-
ings, with men being less adherent to osteoporosis therapies 
than women in some studies [37,43-46], but not in others [47-
49]. More studies are needed to clarify the gender difference in 
the persistence with denosumab and other osteoporosis treat-
ments. Furthermore, the present study utilized real-world data 
from patients receiving denosumab treatment as part of routine 
clinical practice, rather than an exploration of subjects who vol-
unteered for a clinical trial or consented to participate in a pro-
spective study; thus, this study may have been susceptible to se-
lection bias.

There are several limitations in this study as well. Our study 
period primarily overlapped with the coronavirus disease 2019 
(COVID-19) pandemic, which may have been associated with 
patients’ hesitance to visit hospitals and clinics for the ongoing 
management of osteoporosis. According to the Korea National 
Health Insurance Review, the average number of visits to medi-
cal centers per month decreased in 2020 compared to the previ-
ous year. Likewise, a recent study conducted in Singapore re-
ported a decrease in denosumab persistence during the COV-
ID-19 pandemic [25]. The exact reasons for the decreased deno-
sumab persistence rates during the COVID-19 pandemic are 
unknown. However, this decrease might be related to anxiety 
and fear of COVID-19 infection while visiting clinics and hos-
pitals [25]. Second, this study was not designed to evaluate the 
association between denosumab persistence and the risk of inci-
dent fractures, nor did it assess the overall changes in BMD. 
Lastly, the present study was based on retrospective data, and 
information on some potential factors contributing to denosum-
ab persistence was not available and not included in the analy-
sis. Examples include socioeconomic status, educational level, 
and lifestyle factors. Future studies need to examine the roles of 
these factors.

 In conclusion, as few as one-fourth of male patients were 
persistent with 24 months of denosumab treatment. Clinicians 
need to carefully address the issue of poor persistence with de-
nosumab in male osteoporosis patients.
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