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Purpose: Although denosumab is a safe and effective treatment for osteoporosis in various 
clinical trials, few studies have investigated its efficacy in specific clinical situations. The 
effect of non-compliance with the standard six-month dosing regimen for denosumab on 
bone mineral density (BMD) was assessed in a retrospective study of patients prescribed 
denosumab during the COVID-19 pandemic.
Patients and Methods: Between February 2019 and September 2020, 638 patient records 
were reviewed, with 236 patients meeting the eligibility criteria. Patients were divided into 
three groups: those who received denosumab injections between five and seven months after 
their initial subcutaneous injection, those who received denosumab injections between seven 
and nine months after their initial subcutaneous injection, and those who received denosu-
mab injections more than nine months after their initial subcutaneous injection. 
A multivariate regression study was conducted to compare the BMD shift (at least 
one year apart) before and after two denosumab injections between the three pre-specified 
groups in both the lumbar spine (LS) and the femoral neck (FN).
Results: The difference between LS BMD indicates that there is a statistical difference 
between subjects who received denosumab injections between 5 and 7 months (near-standard 
dosing interval) and more than 9 months (P=0.03), but not in FN BMD, and no clinically 
significant association was identified.
Conclusion: The results of this study show that in special clinical situations, such as the 
COVID-19 pandemic, clinicians may have some flexibility to prescribe denosumab, but the 
interval between injections should not exceed 9 months.
Keywords: bone mineral density, compliance, COVID-19, denosumab, osteoporosis

Introduction
As the global population ages, osteoporosis, a major public health problem, is 
becoming more prevalent.1–3 Osteoporosis is characterized by low bone density, 
loss of bone tissue, and destruction of bone microarchitecture, all of which can 
contribute to reduced bone strength and an increased risk of fractures.4–6

Osteoporotic fractures, especially hip and vertebral fractures, are linked to high 
rates of morbidity and mortality in the elderly, as well as a major financial burden 
on the health-care system. Women are four times more likely than men to have 
osteoporosis, but some evidence suggests that men have more osteoporosis-related 
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complications.5,6 In all countries, the incidence rate of hip 
and vertebral osteoporotic fractures increases exponen-
tially with age.1,2 Bisphosphonates are the most used 
drugs for treatment with osteoporosis.7 Bisphosphonates 
have been shown to significantly minimize the risk of 
vertebral and hip fracture in osteoporotic patients. 
Unfortunately, some significant studies have found that 
most postmenopausal women discontinue the use of 
bisphosphonates during the first year of care.8,9 A few 
patients may have interrupted their regular medications, 
including related osteoporosis treatments, because they 
were concerned about the possibility of side effects, such 
as osteonecrosis of the jaw, or the risk of infection when 
they returned to the clinic during the COVID-19 
pandemic.8–11 Impaired long-term compliance and durabil-
ity of pharmacological therapy of osteoporosis may result 
in an increased risk of fractures.8

Denosumab is a human monoclonal antibody against the 
protein RANKL (receptor activator of nuclear factor-κB 
ligand) that has been shown in placebo-controlled clinical 
trials to minimize severe osteoporotic fractures in postme-
nopausal women at high risk of fracture.12–14 In postmeno-
pausal women, increased RANKL production has been 
associated with increased osteoclast activity and overall 
net bone resorption.7 Denosumab binds to RANKL with 
high affinity and specificity, preventing it from binding to 
RANK (a nuclear factor-κB receptor activator) receptors on 
osteoclasts and osteoclast precursors, inhibiting the synth-
esis, function, and lifetime of established osteoclasts.14 

Denosumab, in turn, prevents bone resorption and remodel-
ing, as measured by increased bone mineral density (BMD) 
and decreased porosity at all measured skeletal sites, as well 
as lowering biochemical markers for bone turnover.12–14 

Treatment with Denosumab subcutaneously once every 
six months is well tolerated in clinical trials and signifi-
cantly reduces the risk of hip, non-vertebral and vertebral 
fractures.13,14 Unlike impaired bisphosphonate compliance, 
which is only associated with increased fracture risk, there 
is concern that rebound activation of bone turnover follow-
ing denosumab discontinuation will result in fractures, par-
ticularly multiple vertebral fractures.15 In a group of 70 
women who had numerous spontaneous vertebral fractures 
after discontinuing denosumab, a median of five vertebral 
fractures occurred 7 to 20 months following the last deno-
sumab injection.15

Low adherence to anti-osteoporosis drugs is unable to 
achieve optimal therapeutic results.16 This study aimed to 
see how non-compliance with denosumab affected BMD 

(measured on the lumbar spine [LS] and femoral neck 
[FN]) during the COVID-19 pandemic compared to 
patients who followed a near-standard dosing schedule.

Patients and Methods
Participants in the Study
Patients undergoing denosumab treatment and duration of 
treatment were studied in this retrospective chart analysis. 
All patients have been screened for eligibility. A total of 638 
patient records were checked from February 2019 to 
September 2020, with 236 patients meeting the participa-
tion requirements. Patients were eligible for this study if 
they were over 50 years of age, had two subcutaneous 
denosumab injections, and had two sequential BMD mea-
surements (at least one year apart) before and after two 
denosumab injections. Besides, subjects included in the 
study had never been treated with oral bisphosphonates 
(risedronate or alendronate), intravenous bisphosphonates 
(zoledronic acid), raloxifene, or teriparatide. If two BMD 
measurements were taken with different DXA (dual-energy 
x-ray absorptiometry) equipment (Prodigy; GE Medical 
Systems Lunar, Madison, WI, USA, or Discovery; 
Hologic scanner, Bedford, MA, USA) if a fracture in the 
femoral neck and/or lumbar spine occurred between two 
denosumab injections, the subject was excluded.

Protocol on Intervention
Patients were categorized based on adherence to denosu-
mab: receiving the following injection (1) between 5 and 7 
months; (2) between 7 and 9 months; and (3) more than 9 
months after the initial subcutaneous injection. The time-
frame between the initial and subsequent injections of 
denosumab was used to determine compliance. Patients 
were considered to comply if the two denosumab injec-
tions were 5–7 months apart. Prevalent and incident frac-
ture data were collected from the patient’s medical 
records. Fractures were considered incidental if they 
occurred during the period of the retrospective review. 
All multivariate regression analyses were adjusted based 
on baseline BMD values, age, medical history, and the 
number of months between two BMD measurements.

Ethics
This study was approved by the Institutional Review Board 
(IRB) of the National Yang-Ming University Hospital 
(YMUH2020A006) in accordance with the Declaration of 
Helsinki. The study involves no prospectively collected 
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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 impracticable. 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. Multivariable regression tests for 
both LS and FN were used to evaluate differences in BMD 
change (g/cm2) between the three pre-specified groups 
with two denosumab injections. The reference group was 
considered to have had a follow-up injection of between 5 
and 7 months. The minimum total sample size in this study 
is 77, with at least 20 subjects for each independent vari-
able, for an effect size of f2=0.15, power=0.8, and α=0.05.

Results
Of the 638 charts studied, 215 females (91.1%) and 21 males 
(8.9%) were eligible for osteoporosis with denosumab therapy 
and DXA scan. The average age and standard deviation (SD) 
of patients were 68.5 (9.7) years. The baseline BMD of the 
lumbar spine and femoral neck was 0.803 (0.118) and 0.722 
(0.109) g/cm2, respectively. Before treatment with denosumab, 
21.19% of patients had at least one non-vertebral fracture, 
while 30.08% had a history of vertebral fracture. At the end 
of the analysis, patients were categorized into three groups 
based on their compliance with denosumab therapy. 
Demographic data are shown in Table 1. 177 patients received 
a subsequent injection of denosumab for 5 to 7 months, 39 for 7 
to 9 months, and 20 for more than 9 months. The baseline 
BMD results, as well as the history of non-vertebral and 
vertebral fractures, are provided for each of the categories 
identified. Furthermore, anticonvulsants, tricyclic antidepres-
sants, selective serotonin reuptake inhibitors, serotonin- 
norepinephrine reuptake inhibitors, and proton pump inhibitors 
have all been proposed as significant risk factors for osteo-
porosis, with their use studied in each category. Except for 
fracture history, there were no statistically significant differ-
ences in the three groups’ basic characteristics.

Table 2 shows the comparative data after two denosu-
mab injections. Descriptive statistics and BMD values 
were given after two denosumab treatments. The presence 
of incident fractures was also indicated. In patients who 

received denosumab subsequently for 5 to 7 months, 7 to 9 
months, and more than 9 months, the mean period and SD 
of treatment from the initial injection were 6.11 months 
(0.66), 7.95 months (0.58), and 11.15 months (1.26), 
respectively. Multivariate lumbar spine and femoral neck 
regressions were used to compare BMD improvement 
after two doses of denosumab therapy. The groups receiv-
ing a subsequent injection between 7 and 9 months and 
more than 9 months later were compared to the group 
receiving a subsequent injection between 5 and 7 months. 
Table 3 displays the results.

The variance of LS BMD alteration in patients differed 
between receiving subsequent injections after their initial 
injection for more than 9 months and between 5 and 7 
months (−0.0191 g/cm2, 95% CI −0.0083 to −0.0305). 
However, the difference of LS BMD alteration between 
7 and 9 months in patients receiving subsequent injections 
compared to the reference group receiving injections 
between 5 and 7 months was not statistically different 
(0.0007 g/cm2, 95% CI −0.0024 to 0.0031). In contrast 
to the comparison group receiving an injection between 5 
and 7 months after their initial injection, the difference in 
FN BMD variation was 0.0068 g/cm2 (95% CI −0.0155 to 
0.0319) for patients receiving a sequential injection 
between 7 and 9 months and −0.0044 g/cm2 (95% CI 
−0.0151 to 0.0067) for patients receiving a sequential 
injection more than 9 months. Despite the fact that no 
clinically significant association was found, the relation-
ship between drug duration and change in LS BMD was 
significant (P=0.03) if the subsequent injection of denosu-
mab was less than or more than 9 months.

Discussion
This study aims to see how far the failure to comply with 
denosumab affects the changes in BMD. In comparison to 
the hip bone, the vertebrae have more trabecular bones, 
which have a larger surface exposed to bone marrow and 
blood flow, and the turnover and response to denosumab 
are higher.14 In this retrospective study, multivariate 
regressions revealed statistically significant differences 
only in LS BMD values, not FN BMD values, between 
patients who received subcutaneous denosumab injections 
between 5 and 7 months and more than 9 months. In other 
words, patients and clinicians should not wait longer than 
9 months between injections of denosumab, because drug 
levels in circulation are steadily declining 6 months after 
administration, with the drug being completely removed at 
9 months. Previous studies have shown that bone turnover 
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markers generally reached pre-treatment levels within 9 
months of the last dose of denosumab, but at re-initiation, 
reductions in CTX by denosumab were similar to those 
seen in patients receiving primary denosumab therapy.13,14.

The potency of treatment is based on the efficacy of 
therapy and adherence to the recommended dosing 
regimen.17,18 Osteoporosis, like other chronic medical 
conditions, requires methods for keeping patients on 

Table 1 Baseline Characteristics of Participants Stratified by Denosumab Injection Time

Characteristic Time of Subsequent Injection of Denosumab P value

5–7 Months 7–9 Months >9 Months

Sample size (n) 177 39 20

Age, years, mean (SD) 68.50 (9.55) 66.88 (8.62) 65.14 (8.55) 0.23

Women, % (n) 91.53% (162) 92.31% (36) 85.0% (17) 0.19

Proton pump inhibitor (PPI) use, % (n) 25.99% (46) 25.64% (10) 30.00% (6) 0.21

Selective serotonin reuptake inhibitor (SSRI) use, % (n) 5.08% (9) 7.69% (3) 5.00% (1) 0.11

Serotonin-norepinephrine reuptake inhibitor (SNRI) use, % (n) 7.91% (14) 10.26% (4) 0.00% (0) 0.26

Tricyclic antidepressant (TCA) use, % (n) 1.69% (3) 5.13% (2) 10.00% (2) 0.19

Anticonvulsants use, % (n) 14.69% (26) 17.95% (7) 15.00% (3) 0.12

Glucocorticoids use, % (n) 0% (0) 0% (0) 0% (0)

BMD, mean (SD)
Lumbar spine 0.807 (0.109) 0.782 (0.095) 0.808 (0.101) 0.25

Femoral neck 0.729 (0.081) 0.692 (0.100) 0.719 (0.105) 0.23

History of non-vertebral fracture, % (n) 22.60% (40) 20.51% (8) 10.00% (2) 0.03
History of vertebral fracture, % (n) 29.38% (52) 30.77% (12) 35.00% (7) 0.03

Table 2 Characteristics of Participants Stratified After Two Denosumab Injections

Characteristic Time of Subsequent Injection of Denosumab P value

5–7 Months 7–9 Months >9 Months

BMD, mean (SD)

Lumbar spine 0.847 (0.099) 0.823 (0.095) 0.829 (0.091) 0.31
Femoral neck 0.774 (0.089) 0.749 (0.092) 0.760 (0.102) 0.29

Incident non-vertebral fracture, % (n) 2.82% (5) 2.56% (1) 0.00% (0) 0.02

Incident vertebral fracture, % (n) 0.56% (1) 0.00% (0) 0.00% (0) 0.04

Mean duration of treatment from baseline injection in months (SD) 6.11 (0.66) 7.95 (0.58) 11.15 (1.26) 0.01

Table 3 Regression Analysis Comparing Bone Mineral Density (BMD) Change Between Groups [Reference Group: 5–7 Months]*

Groups: Time Between 1st and 2nd Injection Was Estimate 95% Confidence Limits

Lumbar spine Between 7–9 months 0.0007 −0.0024 to 0.0031
More than 9 months −0.0191 −0.0083 to −0.0305

Femoral neck Between 7–9 months 0.0068 −0.0155 to 0.0319

More than 9 months −0.0044 −0.0151 to 0.0067

Notes: *All multivariate regression analyses were adjusted for baseline BMD values, patient age, drugs with or without proton pump inhibitors, selective serotonin reuptake 
inhibitors, serotonin-norepinephrine reuptake inhibitors, tricyclic antidepressants, anticonvulsants, and the number of months between the initial and subsequent BMD after 
two denosumab injections.
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track of their treatment. Failure to comply with a regular 
bisphosphonate or denosumab therapy may result in lower 
BMD values and, as a result, a higher risk of fracture.19,20 

Denosumab is an approved treatment for osteoporosis, 
which slows the progression of the disease. It is a fully 
human monoclonal antibody that binds to the RANKL 
receptor activator, resulting in increased bone mineral 
density and reduced risk of fracture. Although the phar-
macology of denosumab is promising, patients’ compli-
ance with existing clinical guidelines is critical to the 
efficacy of the drug as an osteoporosis treatment. This 
underlines the importance of determining the root causes 
of poor adherence and makes it possible to work towards 
improving clinical practice.

Many countries have had to make difficult decisions to 
protect their citizens in the face of the COVID-19 pan-
demic. These decisions include lockdowns and restrictions 
on people’s movements, as well as the deployment of 
health personnel to the front lines of the COVID-19 out-
break. This could be a major issue for patients with 
chronic diseases, such as osteoporosis, who need to return 
for check-ups and prescription refills because access to 
health facilities and their attending physicians may be 
restricted. Furthermore, the increased risk of infection in 
hospitals has forced most patients to avoid physician con-
sultations at their health facilities. This study suggests that 
delay is acceptable only during an unforeseen period (such 
as the COVID-19 pandemic) when denosumab injections 
cannot be given to the patient in a timely manner.10,11 

Otherwise, all patients should continue to receive the 
following doses every 6 months or at least no later than 
9 months, based on the pharmacodynamics of denosumab.

Factors related to the properties and management of 
denosumab and group-specific factors for patients may 
explain what causes lower compliance rates. First, deno-
sumab is only available by subcutaneous injection and can 
only be administered by medical professionals, and there-
fore whether the hospital environment is safe will affect 
the willingness of patients to receive injections during the 
COVID-19 pandemic. Second, physicians have 
a significant impact on the adherence of denosumab 
because they can set a dosing schedule, track regularity, 
and convey the importance of patient compliance when the 
injection is delayed. Moreover, a medical case manager 
may contact patients, for example, a week in advance of 
their next planned injection as a reminder. During the 
COVID-19 epidemic, however, these measures may be 
disrupted and cannot be carried out regularly.

After the COVID-19 pandemic, the study’s most 
apparent weakness was the limited sample size. It is 
difficult to draw firm conclusions based on the small 
number of patients between 7–9 months and more than 
9 months groups. Also, due to the limited number of 
incidents and the small scale of the collective, we are not 
able to comment on variations in fracture rates between 
groups. A larger cohort with a longer follow-up period in 
patients who are not adhering to therapy may show 
a difference in FN BMD or even fracture rates. 
Furthermore, since additional medications can affect 
BMD, there is uncontrolled heterogeneity among 
patients in each category, which was not completely 
analyzed in the multivariable study. Lastly, a few 
patients were omitted during the assessment process 
due to an FN or LS fracture, which could have affected 
investigative results. To summarize, more randomized 
controlled trials are required to determine how long 
a delay in denosumab administration raises the risk of 
fractures.

Conclusion
The findings of this study suggest that clinicians may have 
some flexibility to prescribe denosumab, particularly in 
clinical circumstances such as the COVID-19 pandemic, 
but the time between injections should not exceed 9 
months.
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