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Abstract
Summary COVID-19 lockdowns have impacted management of chronic diseases such as osteoporosis. Adherence to the 
6-monthly dosing schedule of denosumab, the parenteral anti-osteoporosis medication most often used in Singapore, was 
significantly reduced during the lockdown period compared to that during pre-COVID-19 times. Patients managed by endo-
crinologists were more likely to be adherent.
Purpose No study thus far has quantified actual adherence rates to anti-osteoporosis therapy with denosumab during COVID-
19 or explored factors associated with it. We aimed to estimate the adherence rates to denosumab in Singaporean men and 
women during COVID-19 lockdown and to compare it with those during the pre-COVID-19 period.
Method We conducted this retrospective, electronic medical records, and pharmacy claims database study at Singapore 
General Hospital, the largest hospital in the country. Patients initiated on subcutaneous denosumab between August 2019 and 
December 2019 and were thus scheduled to receive the second dose during the COVID-19 first-wave period from February 
2020 to June 2020 (lockdown group) were analyzed, as were patients initiated anytime on denosumab between September 
2011 and December 2018 (pre-COVID-19 group). Data extracted from the hospital’s electronic prescription platform and 
patients’ pharmacy purchase records were matched. Adherence was defined as being punctual (with an allowable delay of 
up to 4 weeks) with the second dose scheduled 6 months from the 1st dose. A sensitivity analysis with an allowable delay up 
to 8 weeks was also performed. We compared the adherence rates between the two periods and explored factors associated 
with adherence.
Results A total of 768 and 1458 patients respectively during the lockdown and pre-COVID-19 periods were analyzed. The 
mean adherence rate during lockdown was 63.9%. The odds of being adherent during lockdown were higher if patients were 
managed by endocrinologists as opposed to those by other specialists [OR 2.516 (95% CI: 1.836–3.448); p < 0.001]. Adher-
ence rates during the pre-COVID-19 period was 75.4%. Overall, the odds of being adherent to denosumab was significantly 
lower during lockdown than that during the pre-COVID-19 period [OR 0.525 (95% CI 0.430–0.640); p < 0.001], and odds 
of being adherent were higher if patients were managed by endocrinologists than if they were managed by other specialists 
(OR 1.765 (95% CI: 1.444–2.158; p < 0.001).
Conclusion Adherence to denosumab was significantly lower during COVID-19 lockdown than the pre-COVID-19 period. 
The odds of being adherent were higher in patients managed by endocrinologists. Whether healthcare providers from certain 
specialties spend more time counselling and educating patients about the importance of adherence to osteoporosis medica-
tions needs to be explored further.
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Introduction

Osteoporosis and its complication of fragility fractures place 
a huge health economic burden on societies [1]. Though 
several medications are currently available for osteopo-
rosis treatment, poor adherence to such therapy is often 
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seen. Non-adherence limits the benefits of therapy and is 
of potential economic significance and international osteo-
porosis guidelines emphasize the importance of adherence 
to anti-osteoporosis therapy [2]. Denosumab is a human 
monoclonal antibody that is approved for the treatment of 
both post-menopausal and male osteoporosis. It is admin-
istered as a 60-mg dose through a subcutaneous injection 
every 6 months. Denosumab was approved for the treatment 
of post-menopausal osteoporosis in Singapore in 2011 and 
for the treatment of male osteoporosis in 2014. Its use in 
Singapore has increased significantly in the last 2 years, and 
it is the most often prescribed injectable therapy for osteo-
porosis in the country currently. Intravenous zoledronic acid 
and subcutaneous daily teriparatide are much less frequently 
used [1, 3].

Delayed denosumab injections have been shown to be 
associated with suboptimal BMD response at both spine 
and total hip [4]. Concerns also exist about loss of gained 
bone mineral density and rebound vertebral fractures associ-
ated with missing denosumab doses or with delay in dosing 
schedules [5]. This increased risk of vertebral fractures is 
reported as early as 4–8 weeks after interruptions in injec-
tion schedule [6], and therefore, it is recommended that 
injections not be delayed by more than 7 months after the 
last dose [7].

In Singapore, denosumab is administered in clinics at the 
hospitals and in private specialist and general practitioner 
clinics by nurses or physicians. This is because of the risk 
(albeit very rare: 5 reported cases in the post-marketing set-
ting [8, 9] of anaphylactic reaction with denosumab. The 
largest volume of denosumab injections is given in the spe-
cialist outpatient clinics at the public restructured hospitals. 
It is neither available nor dispensed in the “neighborhood” 
government polyclinics.

COVID-19 has almost completely dominated healthcare 
priorities and delivery all over the world in the last one and 
a quarter years. This has noticeably impeded the ability of 
health systems to deal with other chronic diseases such as 
osteoporosis. Singapore recorded its first COVID-19 case 
on 23 January 2020, and, on 7 February 2020; the Disease 
Outbreak Response System Condition (DORSCON) level 
was raised from Yellow to Orange in the country. The 2020 
Singapore “circuit breaker (CB)”  was a stay-at-home order 
implemented as a preventive measure by the Government of 
Singapore [10–12]. This was equivalent to the “lockdown” 
in other countries. During the above period which lasted 
until 2 June 2020, though all public and private acute hos-
pitals and neighborhood polyclinics remained open for the 
delivery of essential services, all non-essential appointments 
were ordered to be deferred, and any on-site staffing was 
kept to a minimum [13] in order for hospitals and health-
care facilities to accommodate the potential onslaught of 
COVID-19 patients.

Some survey-based studies have noted that COVID-19 
has had a negative impact on osteoporosis care [14, 15]. We 
too observed that during the lockdown period in Singapore, 
patients seemed to be hesitant to come to the hospitals and 
clinics for ongoing management of their chronic medical 
conditions including osteoporosis. A study conducted in 
Austria reported a drop in filled prescriptions for parenteral 
osteoporosis therapies during the country’s lockdown period 
[16]. From this observed drop, the authors surmised that 
adherence to such parenteral therapies decreased during 
lockdown [16]. No attempts however have been made so far 
anywhere in the world to evaluate the actual adherence rates 
(as defined conventionally [17, 18]) to parenteral therapies 
for any disease condition including osteoporosis before and 
during lockdown periods and to assess the factors associated 
with the adherence.

Recent reports indicate worsened outcomes of patients 
with hip fractures and COVID-19 infections, with COVID-
19 independently associated with 30-day mortality risk after 
hip fracture [19]. We were concerned that interruption of 
osteoporosis treatment could have grave implications on the 
health of our patients. This prompted us to assess the adher-
ence rates of male and female patients with osteoporosis to 
denosumab (Prolia ®) during the lockdown (circuit breaker) 
period in Singapore. We conducted the study at Singapore 
General Hospital (SGH), the largest public hospital in Sin-
gapore and among the top ten of the world’s largest hospitals 
[20]. Factors associated with adherence were also assessed. 
As a secondary aim, we decided to compare the above adher-
ence rates with the adherence of our patients to denosumab 
injections before the COVID-19 pandemic (pre-COVID-19 
adherence). We chose to study denosumab because as men-
tioned earlier, it is the most often prescribed parenteral 
therapy for osteoporosis in Singapore and because, unlike 
as with agents such as IV zoledronic acid, the concern of 
rebound bone loss and fracture risk exists with interruptions 
in dosing schedules and/or discontinuation of denosumab.

Methodology

SGH sees the largest volume of patients with osteoporo-
sis and osteoporotic fragility fractures in the country, and 
thereby  was an appropriate setting for this study. At the 
clinics in the hospital, prescriptions for denosumab are 
entered by doctors in the patient prescription system — 
Sunrise Clinical Manager (SCM). The corresponding phar-
macy patient records management system — MAXCARE,  
captures all dispensations. The injection is given on the 
same day as the purchase is made in the pharmacy (within 
30 min), and hence, it is understood that if the medicine is 
bought, it would be administered.
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Ours was an electronic medical records and pharmacy 
claims database study achieved through a retrospective 
review of prescription data extracted from SCM and patients’ 
purchase records from MAXCARE. A matching was then 
done of the actual purchase data against the prescriptions. 
Since there is a strong likelihood that the medication-taking 
behavior would be altered if patients had received multiple 
injections prior, subjects studied in the lockdown group were 
patients who had been newly initiated on denosumab for the 
treatment of osteoporosis in the period between August 2019 
and December 2019 (index dose). This ensured that there 
was no overlap with patients started on denosumab earlier 
and who would have received multiple injections already 
by then. These patients had been scheduled to receive the 
second dose in the period February 2020 to June 2020 (the 
latter time frame being the period right after COVID-19 was 
identified in Singapore, and restraints at the hospitals and 
subsequent nation-wide lockdown were instituted). In the 
pre-COVID-19 group, the same prescription and pharmacy 
claims data bases were reviewed for patients newly initi-
ated on denosumab between September 2011 and December 
2018. As in the lockdown group, the index dose was the first 
dose that the patient ever received of denosumab during this 
period, and we examined whether the patient came back for 
the second dose of the medication 6 months later.

Though not without limitations, adherence assessment 
from pharmacy administrative data is convenient, noninva-
sive, and objective. Adherence from such data bases can be 
measured through several ways. Proportion of days covered 
(PDC) and compliance to dosing schedule are examples of 
measures of adherence using refill records. PDC is calcu-
lated as the total number of days covered by the medication, 
divided by the number of days in the period for the individ-
ual patient [17]. In the case of denosumab, PDC may not be 
the most appropriate measure of adherence since the impli-
cations of missing denosumab doses might differ depending 
on whether the number of days missed are simultaneously 
in large blocks or whether they are consecutively in smaller 
blocks (e.g., a patient who is on time for one injection but 
delays the next one by 2 months will have the same PDC as 
someone who delays both injections by 1 month each, but the 
two patients will likely will have differing risks of rebound 
bone loss and fractures). Measuring adherence to dosing 
schedule might be thus more clinically appropriate [18]. 
Therefore, we chose this latter method of measuring adher-
ence, and it was defined as receiving the second denosumab 
injection on time, i.e., at 6 months (with an allowable delay 
of another 4 weeks) after the date of the index dispensation. 
We decided to give only a 4-week allowance (grace period) 
because most previous adherence studies for osteoporosis 
treatments (oral or otherwise) have used similar windows of 
allowable delay [18, 21]. International osteoporosis bodies 
have also recommended that denosumab injections not be 

delayed beyond 4 weeks from when it is due [7]. In addition, 
we had also anecdotally been observing in our practice that 
patients were presenting with fractures after just a month of 
missing denosumab doses. Pre-COVID-19 adherence was 
defined as filling the prescription and receiving the second 
dose of denosumab 6 months from the first dose with an 
allowable delay of 4 weeks (to match the analysis performed 
during the lockdown period and to allow comparison with 
it). Non-adherence to a dose was taken if the dispensed date 
exceeded 4 weeks from the expected dispensed date. To see 
if permitting a further allowance of another 4 weeks would 
result in a higher rate of adherence, a sensitivity analysis 
with an 8-week allowable delay was performed in the lock-
down and pre-COVID-19 groups.

Individuals who were prescribed denosumab but were 
subsequently taken off it by the prescribing physician due 
to intolerance or side effects from the medication were not 
included in the analysis. Patients who were overseas medical 
tourists were also excluded (Fig. 1a and b).

Considering an anticipated proportion of patients who are 
adherent to dosing schedule (0.60 in the lockdown group and 
0.75 in the pre-COVID-19 group, desired precision = 0.05; 
and a confidence level = 0.95), sample sizes of 251 and 126 
were respectively required.

Factors that may play a role in adherence/non-adherence 
like age, sex, ethnicity, fracture history, financial class, and 
specialty under which patient was being treated for osteo-
porosis were assessed. Clinical data collected from review 
of electronic medical records included information on pre-
existing comorbid diseases categorized under the Charlson 
Comorbidity Index (CCI) for each patient.

The index applies to 17 disease categories, the scores of 
which are added to obtain an overall score for each patient 
[22].

Approval for the study was obtained from the Centralized 
Institutional Review Board of our institution, with waiver 
of consent approval also obtained (CIRB Ref 2020/2557). 
The study conforms to the provisions of the World Medical 
Association Declaration of Helsinki.

Statistical analyses

Patient demographics (age, sex, and ethnicity) and other 
characteristics (financial class, specialty under which patient 
was managed, fracture history, and adherence) were summa-
rized using frequencies (percentages) for categorical param-
eters and mean (SD) for continuous variables. To investigate 
the association of socio-demographic and clinical covariates 
with adherence, we performed 2-sample t-test for continuous 
variables and chi-square test for categorical variables. Mul-
tivariable (MV) logistic regression adjusted for covariates 
was performed to assess the factors associated with adher-
ence in the lockdown and pre-COVID-19 periods, and to 
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assess factors associated with overall adherence. All tests of 
significance were two-tailed with significant level of 0.05.

The analysis was performed using IBM® SPSS Statistics 
20.0. Results were taken as statistically significant if the cor-
responding p value was below 0.05.

Results

Lockdown group A total of 768 patients newly initiated on 
denosumab during the study period (August 2019–Decem-
ber 2019) were analyzed. The study population flow diagram 
is shown in Fig. 1a.

Descriptive statistics of the lockdown group are summarized 
in Table 1. The mean (SD) age was 76.0 (± 9.3), and 695 of 
the 768 patients were women. Mean CCI was 3.8 (± 1.4). 
Chinese constituted the majority (94.7%). In total, 84.5% 
were patients who belonged to the subsidized financial cate-
gory (i.e., receiving subsidy benefits for consultation, inves-
tigations, and medications). In total, 60.8% were patients 
who were managed by endocrinologists; the remainder were 
managed by departments such as orthopedics, rheumatol-
ogy, internal medicine, and family medicine. Median time 
interval between the 1st and 2nd dose was 189 days (IQR: 
179–241.75).

In total, 63.9% of patients were found to be adherent to 
the dosing schedule during the lockdown period. Adher-
ence significantly differed between patients managed by 

endocrinologists as opposed to those managed by other 
specialists (p < 0.001) (Table 1). There were no significant 
differences in age, sex, ethnicity, CCI, or financial class 
between adherent and non-adherent patients (Table  1). 
Neither was any significant difference noted in adherence 
between patients with or without a history of fragility 
fractures.

On multivariate logistic regression analysis, after adjust-
ing for covariates, the odds of being adherent were higher 
if patients were managed by endocrinologists (Specialty: 
p < 0.001, endocrinology versus others: OR 2.516 (95% CI: 
1.836–3.448)] (Table 2).

In the sensitivity analysis with the 8-week allowance, 
73.5% of patients were found to be adherent. As was seen 
in the primary analysis (6 months with an allowable delay 
of 4 weeks), the only significant difference noted between 
adherent and non-adherent patients in the sensitivity analysis 
was specialty under which the patient was managed, with 
patients managed by endocrinologists found to be more 
adherent when compared to those who were managed by 
other specialists (p < 0.001) (Table 3). This remained sig-
nificant on the multivariate logistic regression analysis (spe-
cialty; p < 0.001, endocrinology vs others: OR 2.096 (95% 
CI: 1.497–2.933).

Pre‑COVID‑19 group A total of 1458 patients were included 
in the final analysis. The study population flow diagram 
is shown in Fig. 1b. In the primary analysis of the pre-
COVID-19 group, 75.4% of patients were found to be 

Fig. 1  The a Flow diagram for subjects in the lockdown period. b Flow diagram for subjects in the the pre-COVID-19 period
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adherent. The median time interval between the 1st and 
2nd dose was 183 days (IQR: 175–202). Descriptive sta-
tistics of the pre-COVID-19 group are provided in Table 4. 
As with the lockdown group, significant differences were 
noted in adherence rates between patients managed by 

endocrinologists and those by other specialists (Table 4). 
On the sensitivity analysis with an 8-week allowable delay in 
the pre-COVID-19 group, 85.8% were found to be adherent.

Table. 1  Demographics and clinical characteristics of lockdown group

Bolded numbers indicate significance

Characteristic N = 768 Adherent (N = 491) Non-adherent (N = 277) p-value

Age, years, mean (SD) 76.0 (9.3) 76.3 (9.2) 75.6 (9.4) 0.358
Charlson Comorbidity Index (CCI), mean (SD) 3.8 (1.4) 3.8 (1.5) 3.7 (1.3) 0.182
Time interval from previous dose, mean (SD) 219.7 (66.7) 181.9 (14.0) 286.5 (70.7)  < 0.001
Sex, number (%) 0.347

  Male 73 (9.5) 43 (58.9) 30 (41.1)
  Female 695 (90.5) 448 (64.5) 247 (35.5)

Ethnicity, number (%) 0.699
  Chinese 729 (94.9) 469 (64.3) 260 (35.7)
  Malay 6 (0.8) 4 (66.7) 2 (33.3)
  Indian 25 (3.3) 14 (56.0) 11 (44.0)
  Eurasian, etc 8 (1.0) 4 (50.0) 4 (50.0)

Medical specialty, number (%)  < 0.001
  Other specialties 301 (39.2) 156 (51.8) 145 (48.2)
  Endocrinology 467 (60.8) 335 (71.7) 132 (28.3)

Financial class, number (%) 0.823
  Subsidized 649 (84.5) 416 (64.1) 233 (35.9)
  Full-paying 119 (15.5) 75 (63.0) 44 (37.0)

Fracture history, number (%) 0.593
  No 754 (98.2) 483 (64.1) 271 (35.9)
  Yes 14 (1.8) 8 (57.1) 6 (42.9)

Table. 2  Multivariate logistic 
regression of factors predicting 
adherence to denosumab in the 
lockdown group

Bolded numbers indicate significance

Odds ratio Lower 95% CI Upper 95% CI p-value

Specialty
  Other specialties Reference Reference Reference Reference
  Endocrinology 2.516 1.836 3.448  < 0.001

Financial class
  Subsidized Reference Reference Reference Reference
  Full-paying 1.114 0.730 1.700 0.616

Sex
  Male Reference Reference Reference Reference
  Female 0.781 0.470 1.298 0.341

Ethnicity
  Chinese Reference Reference Reference Reference
  Other races 0.862 0.632 1.176 0.349

History of fracture before initiation of denosumab
  No Reference Reference Reference Reference
  Yes 1.269 0.425 3.786 0.669

Age 0.997 0.977 1.018 0.771
Charlson Comorbidity 

Index (CCI)
1.149 0.999 1.149 0.051
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Overall adherence to denosumab When the overall adher-
ence to denosumab was examined with an allowable delay 

of 4 weeks, after adjusting for other variables, the time-
frame was significantly associated with adherence, with the 

Table. 3  Sensitivity analysis 
of patients in the lockdown 
group with adherence defined as 
6 months + an allowable 8-week 
delay

Bolded numbers indicate significance

Characteristic N = 768 Adherent (N = 565) Non-adherent 
(N = 203)

p-value

Age, years, mean (SD) 76.0 (9.3) 76.1 (9.3) 75.9 (9.3) 0.838
Charlson Comorbidity Index 

(CCI), mean (SD)
3.8 (1.4) 3.8 (1.5) 3.7 (1.2) 0.250

Sex, number (%) 0.486
  Male 73 (9.5) 51 (69.9) 22 (30.1)
  Female 695 (90.5) 514 (74.0) 181 (26.0)

Ethnicity, number (%) 0.323
  Chinese 729 (94.9) 538 (73.8) 191 (26.2)
  Malay 6 (0.8) 5 (83.3) 1 (16.7)
  Indian 25 (3.3) 15 (60.0) 10 (40.0)
  Eurasian, etc 8 (1.0) 7 (87.5) 1 (12.5)

Medical specialty, number (%)  < 0.001
  Other specialties 301 (39.2) 197 (65.4) 104 (34.6)
  Endocrinology 467 (60.8) 368 (78.8) 99 (21.2)

Financial class, number (%) 0.215
  Subsidized 649 (84.5) 483 (74.4) 166 (25.6)
  Full-paying 119 (15.5) 82 (68.9) 37 (31.1)

Fracture history, number (%) 0.668
  No 754 (98.2) 554 (73.5) 200 (26.5)
  Yes 14 (1.8) 11 (78.6) 3 (21.4)

Table. 4  Demographics and clinical characteristics of the pre-COVID-19 group

Bolded numbers indicate significance

Characteristic N = 1458 Adherent (N = 1099) Non-adherent (N = 359) p-value

Age, years, mean (SD) 78.2 (9.4) 78.2 (9.3) 78.4 (9.8) 0.718
Charlson Comorbidity Index (CCI), mean (SD) 4.0 (1.6) 4.0 (1.5) 4.1 (1.7) 0.271
Time interval from previous dose, mean (SD) 211.7 (127.9) 180.6 (10.9) 307.0 (232.9)  < 0.001
Sex, number (%) 0.164

  Male 128 (8.8) 90 (70.3) 38 (29.7)
  Female 1330 (91.2) 1009 (75.9) 321 (24.1)

Ethnicity, number (%) 0.212
  Chinese 1343 (92.1) 1006 (74.9) 337 (25.1)
  Malay 27 (1.9) 24 (88.9) 3 (11.1)
  Indian 52 (3.6) 43 (82.7) 9 (17.3)
  Eurasian, etc 36 (2.5) 26 (72.2) 10 (27.8)

Medical specialty, number (%) 0.005
  Other specialties 821 (56.3) 596 (72.6) 225 (27.4)
  Endocrinology 637 (43.7) 503 (79.0) 134 (21.0)

Financial class, number (%) 0.645
  Subsidized 1079 (74.0) 810 (75.1) 269 (24.9)
  Full-paying 379 (26.0) 289 (76.3) 90 (23.7)

Fracture history, number (%) 0.543
  No 1449 (99.4) 1093 (75.4) 356 (24.6)
  Yes 9 (0.6) 6 (66.7) 3 (33.3)
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odds of patients being adherent to denosumab significantly 
lower during lockdown than in the pre-COVID-19 period, 
p < 0.001, OR 0.525 (95% CI: 0.430–0.640). Specialty under 
which patients were managed remained significant with the 
odds of patients being higher in adherence if they were man-
aged by endocrinologists, p < 0.001, OR 1.765 (95% CI: 
1.444–2.158) (Table 5).

When the overall adherence to denosumab was examined 
with the 8-week allowable delay in the sensitivity analysis, 
again, the time frame was found to be significantly associ-
ated with adherence, with the odds of patients being adher-
ent to denosumab significantly lower during the lockdown 
than that in the pre-COVID-19 period, p < 0.001, OR 0.437 
(95% CI: 0.349–0.548). Specialty under which patients were 
managed remained significant with the odds of patients  
being adherent higher if they were managed by endocrinolo-
gists, p < 0.001, OR 1.579 (95% CI: 1.255–1.987).

Discussion

Our study is the first to provide real-world quantifiable 
information on adherence rates to a parenteral therapy for 
osteoporosis, and factors associated with it during the criti-
cal period of the lockdown that was part of the containment 
efforts for COVID-19 worldwide. We found that the adher-
ence rates as defined by complying to the dosing schedule 

of 6 months + an allowable delay of 4 weeks to denosumab, 
the most frequently used parenteral therapy for osteoporosis 
in Singapore, decreased significantly during the lockdown 
compared to those during the pre-COVID-19 period. This 
significant decrease was noted when the allowable delay was 
extended to 8 weeks too. Whether this decrease in adherence 
that we observed in Singapore during our lockdown is the 
case in other countries is not known since there are no prior 
studies that have explored this characteristic.

We found a significant difference in adherence between 
patients managed by endocrinologists versus other special-
ists. The reason behind this is unclear. No selection bias is 
present in our study since the patients were identified from 
the electronic medical records and included all patients 
who were prescribed with denosumab at our hospital dur-
ing the period of study. In the UK Teriparatide study, it 
was suggested among other factors that patients may be 
more inclined to be persistent to teriparatide therapy when 
prescribed the drug by a specialist [23]. However, we 
could not find any previous study that corroborated spe-
cialty under which patients were managed with adherence 
to an anti-osteoporosis agent. Since COVID-19 and the 
lockdowns it resulted in came upon abruptly and affected 
broad swathes of the healthcare spectrum, there was no 
time to prepare patients for it. Therefore, it is unlikely that 
any one specialty had any additional time to arrange for 
patients to receive their injections according to schedule 
or to inform their patients to be adherent to medications. 

Table. 5  Multivariate logistic 
regression of factors predicting 
adherence to denosumab

Bolded numbers indicate significance

Odds ratio Lower 95% CI Upper 95% CI p value

Specialty
  Other specialties Reference Reference Reference Reference
  Endocrinology 1.765 1.444 2.158  < 0.001

Time frame
  Pre-COVID-19 Reference Reference Reference Reference
  Lockdown 0.525 0.430 0.640  < 0.001

Financial class
  Subsidized Reference Reference Reference Reference
  Full-paying 1.222 0.963 1.552 0.099

Ethnicity
  Chinese Reference Reference Reference Reference
  Other races 1.021 0.861 1.212 0.809

Sex
  Male Reference Reference Reference Reference
  Female 0.763 0.557 1.045 0.092

History of fracture before initiation of denosumab
  No Reference Reference Reference Reference
  Yes 0.904 0.381 2.144 0.818

Age 1.002 0.990 1.014 0.802
Charlson Comorbidity 

Index (CCI)
1.008 0.935 1.086 0.839
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Also, this significant difference in adherence depending on 
specialty under which the patient was managed was noted 
in both the lockdown and the Pre-COVID-19 groups indi-
cating that a systemic difference was present always, and 
not just during the lockdown period. We have shown ear-
lier that adherence rates to bisphosphonate therapy were 
higher in patients enrolled into a fracture liaison service 
(FLS) at our hospital compared to that in conventionally 
managed osteoporotic patients [24].The current study was 
not of patients selected from the FLS or from any particu-
lar specialty and yet we found this difference. Whether 
or not healthcare providers from certain specialties spend 
more time counselling patients on proper administration 
of denosumab and the importance of adherence to it needs 
to be explored further.

Though there is a commonly held belief that when 
patients have multiple chronic conditions, adherence to 
medications decreases, we did not observe this in our study. 
The presence of comorbidities as assessed by the Charlson 
Comorbidity Index (CCI) did not significantly differ between 
adherent and non-adherent patients either in the lockdown 
group or in the pre-COVID-19 group. We found only one 
other study in the literature that included a comorbidity 
index as a covariate in analyzing persistence to denosumab 
[25]. In that study in which the Wolfe Comorbidity index 
was included as a covariate in the models from Germany and 
Austria, the authors found a trend towards an association that 
did not reach statistical significance between the modified 
Wolfe Comorbidity index and persistence in Germany but 
not in Austria. The authors of the study did not provide a 
plausible explanation for this difference.

Though it can be argued that older patients who may 
lack mobility and independence may find it more difficult to 
travel to clinics and medical centers to receive a parenteral 
therapy for their osteoporosis, we found that adherence to 
denosumab was not influenced by age. This was similar to 
what was noted in another study [18]. In other studies that 
have explored adherence to medications in general, con-
flicting results have been obtained with some reporting that 
younger age is associated with lower persistence [26, 27], 
while others suggest that persistence declines with age [28].

We also did not find a significant difference in adherence 
rates between men and women in our study. Though no pre-
vious study has explored differences in adherence to deno-
sumab between men and women, studies that have explored 
adherence to osteoporosis therapies in general have reported 
conflicting findings with men found to be less likely to be 
adherent [29], while others have found the opposite [30].

Adherence to anti-osteoporosis medications and its asso-
ciation with previous history of fracture have varied among 
studies [18, 24]. In our study, the presence of previous frac-
ture did not appear to have any association with adherence 
either during COVID-19 lockdown or in the pre-COVID-19 

period. During the COVID-19 lockdown especially, the like-
lihood of a patient being more receptive to physician advice 
to be adherent to prescribed treatment regimens following 
the traumatic experience of a prior fracture was probably 
outweighed by the concerns and restraints imposed by the 
COVID-19 lockdown.

No data on socioeconomic status and its association 
with osteoporosis medication exists. However, a low socio-
economic status has been associated with non-adherence to 
oral medications in general [31], and previous quasi-exper-
imental studies have demonstrated decreases in medication 
adherence when out-of-pocket drug costs are high [32]. A 
reassuring finding from our study was that financial class 
was not associated with adherence either in the lockdown 
or in the pre-COVID-19 group.

Our study has some limitations. Since the study’s primary 
aim was to evaluate the adherence of patients to the first 
lockdown phase during the ongoing COVID-19 pandemic, 
it was not designed to evaluate the interactions between 
adherence and risk of rebound fracture after interruption 
of denosumab therapy. Though conflicting evidence exists 
as to how long an injection of denosumab would have to 
be delayed before fracture risk increases [33], the general 
recommendation as mentioned previously is that injections 
not be delayed by more than 7 months after the previous 
injection [7]. The findings from a preliminary analysis that 
we subsequently performed showed that, overall, fractures 
on follow-up were less likely to occur in patients who were 
adherent to their second dose of denosumab at 6 months 
(with an allowable delay of 4 weeks). Twenty-eight out of 
1590 (1.8%) patients in the adherent group sustained sub-
sequent fractures as opposed to 21/615 (3.4%) in the non-
adherent group (p: 0.025). This remained significant after 
adjusting for other variables, with patients adherent to the 
above dosing schedule having less odds to sustain a fracture 
(p = 0.038, OR: 0.538 (95% CI 0.300–0.967). This finding 
also validated our a priori decision in our primary study to 
use only a 4-week allowable delay in the estimation of adher-
ence to denosumab.

The compulsory anonymization of subjects to comply 
with the personal data protection act (PDPA) rules of Sin-
gapore precluded us from questioning individual patients 
the reasons for their non-adherence. The exact reasons thus 
for the decreased adherence rates during the lockdown, i.e., 
whether it was because of concerns of acquiring the infec-
tion by attending busy clinics and hospitals or whether it was 
because of other reasons such as whether patients developed 
intercurrent illnesses including COVID are unknown. Data 
on whether patients had been on other anti-osteoporosis 
agents in the past, prior to being initiated on denosumab was 
not collected. It has been suggested in other studies that a 
history of use of other osteoporosis medications is predictive 
of higher persistence to denosumab with the likely reason 
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postulated that treatment-experienced patients as opposed 
to treatment-naïve patients would be more informed and 
knowledgeable about their disease [18, 25, 34, 35]. It must 
be noted that this postulate has not been conclusively proven. 
However, we do not believe that a history of prior anti-osteo-
porosis medication use would have impacted the short-term 
adherence of our patients to denosumab during the COVID-
19 lockdown. The data gathered did not have information on 
the educational level of patients nor was there any informa-
tion available on presence or absence of caregiver support. 
Both these may have an impact on adherence though the fact 
that we did not find that age had an impact on adherence in 
our study mitigates the lack of the latter information.

Notwithstanding these limitations, our study has several 
advantages. The large sample size was a distinct advantage. 
Using an electronic medical record and pharmacy claims 
database for the study allowed us to capture the pertinent 
data in its entirety compared to methods such as conducting 
interviews and surveys which may be hampered by reporting 
biases, missing data, and inaccurate recall by patients. All 
the public hospitals in Singapore, a small city-state, have 
more-or-less similar modalities of practice; our hospital and 
its clinics see the largest volume of patients in the country 
including osteoporosis and is representative of the current 
practice in Singapore as far as denosumab therapy is con-
cerned. Only a minority of patients with osteoporosis in Sin-
gapore get denosumab injections at private general practi-
tioner clinics, and it is very unlikely that patients who are 
undergoing follow-up at public hospital clinics would have 
switched to private practitioners (either general or special-
ist) for their medical care during the pandemic. Therefore, 
it is very unlikely that we would have underestimated adher-
ence to denosumab. The structure of the healthcare system 
in Singapore is also such that community pharmacies do 
not dispense medications without prescriptions from a doc-
tor, and private general practitioners and specialists do not 
switch chronic medications that are prescribed to a patient 
by a doctor at a public healthcare institution unless patients 
experience side effects from them. Therefore, it is unlikely 
that patients could have obtained an alternate osteoporosis 
medication from elsewhere.

A follow-up study is planned to elucidate whether the 
patients who were non-adherent and/or who discontinued 
denosumab in the last 1 year will return for regular follow-up 
once pandemic restrictions are eased and the circuit breaker 
(lockdown) is completely lifted. However, as we found in 
this study, even when an 8-week allowable delay was given 
in the sensitivity analysis, only a 10% increase in adherence 
rate during the lockdown period was noted. On the multi-
variate logistic regression analysis with the 8-week allow-
ance, the odds of being adherent in the lockdown group were 
still lower than in the pre-COVID-19 group. This suggests 
that so long as lockdown and its constraints last, patients are 

likely to be unwilling to come back to the hospital clinics to 
receive their parenteral anti-osteoporosis therapies.

A tangential benefit of our findings which revealed that 
adherence rates to a parenteral therapy for osteoporosis had 
decreased during the lockdown period is that it has laid the 
groundwork for our hospital to review response systems and 
strategies for better delivery of patient care and medications. 
Streamlining of appointments for denosumab injections and 
stocking of denosumab in the clinics so that the latter can 
provide one-stop service thereby avoiding over-crowding at 
the pharmacies is one such strategy. To reduce footfall in the 
busy hospital, and to preserve hospital capacity for acutely 
ill patients, systems of care for chronic diseases are being 
rolled out including virtual clinics and video consultations. 
Safe corridors of passage with minimum number of contact 
points for patients who are coming to the clinics just to get 
their six monthly denosumab injections have been concep-
tualized and implemented. Methods of safe home delivery 
of certain parenteral medications which patients then can 
take to their neighborhood private GP for administration are 
also gaining popularity. An in-hospital audit showed that 
more than 50% of total prescriptions of medications at our 
hospital are now home-delivered as opposed to only 20% 
before the pandemic. The challenge will be to embed these 
innovative methods in the normal hospital workflow so that 
they can become the new-normal and we can prepare for 
possible new waves of COVID-19 itself or even for other 
such disease outbreaks and calamities. We are also explor-
ing fine tuning our existing health-technology platforms that 
are purpose-built to facilitate communication between the 
hospital and patients for scheduling appointments, to fur-
ther enable a two-way exchange between doctors and their 
patients for education and disease management. These plat-
forms can also be potentially modified to emphasize adher-
ence to medications and can be used to remind patients about 
timely administration especially of parenteral medications. 
Our findings of decreased adherence to a parenteral therapy 
for osteoporosis during COVID-19 lockdown and changes 
made to the response systems and healthcare delivery strat-
egies were prescient. Singapore is going through a second 
wave of COVID-19 infections currently, and population 
movements and activities have been curtailed. Hospitals too 
have had tighter curbs and restrictions reinstituted.

Conclusion

Our study shows that adherence rates to denosumab (an 
anti-osteoporosis agent to which patients have traditionally 
demonstrated better compliance to when compared to other 
anti-osteoporosis therapies) decreased during the COVID-
19 lockdown. This decrease in adherence may have grave 
implications. Repeated “waves” of COVID-19 and the 
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lockdowns they will naturally induce may result in a rise in 
such non-adherence rates even though they may be short-
term. Urgent steps therefore need to be taken to mitigate the 
fall-out from such lockdowns. Further research into indi-
vidual patient reasons for non-adherence during such times 
needs to be undertaken so that measures to address such 
concerns can be instituted. Better communication by health 
providers about the critical need for adherence to an agent 
such as denosumab and alternate options for delivery and 
safe administration to patients should be considered so that 
interruptions in medication dosing schedules do not occur.
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