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Abstract

Summary We established a clinical pharmacist adherence management system (CPAMS) led by clinical pharmacists to
examine whether denosumab adherence could be improved. The results showed that CPAMS could effectively improve
adherence to denosumab and the treatment of osteoporosis. However, this effect weakened during the spread of infectious
diseases such as COVID-19.

Purpose Denosumab is currently one of the drugs that can effectively reduce the risk of clinical fracture. However, as a
drug requiring long-term subcutaneous injection, patient adherence to denosumab is the most important factor affecting its
therapeutic efficacy. Therefore, we established a clinical pharmacist adherence management system (CPAMS) led by clinical
pharmacists and examined whether denosumab adherence could be improved.

Methods Data were collected from patients receiving denosumab in our hospital between March 2021 and May 2022. The
patients who participated in the CPAMS were in the intervention group, and the rest were in the control group. We analysed
the proportion of days covered (PDC) value of denosumab, distribution of subsequent visits, and proportion of patients who
continued participating during the normal and coronavirus (COVID-19) periods.

Results Eighty-five patients were enrolled in this retrospective study: 32 in the intervention group and 53 in the control
group. The PDC values were significantly higher in the intervention group (0.9875, 0.9025-1) than in the control group
(0.5, 0.5-0.5) after 1 year. The subsequent visit rate in the intervention group was 93.80%. However, none of the patients in
the control group returned. In the intervention group, the ratio of timely to delayed subsequent visits was 11:19. After the
COVID-19 pandemic, the PDC value of the intervention group (0.957, 0.5-1) was lower than that before COVID-19, and
the ratio of timely to delayed subsequent visits was 9:13.

Conclusions Clinical pharmacist-led CPAMS could effectively improve adherence to denosumab and the treatment of
0steoporosis.
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Introduction

Osteoporosis is a chronic metabolic bone disease common
among older adults [1]. Since oestrogen depletion causes
loss of bone mineral density, postmenopausal women are the
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main group of patients with osteoporosis [2]. Osteoporosis
does not usually show obvious clinical signs until fragil-
ity fractures develop. Unfortunately, 80% of female patients
are unaware of osteoporosis prevention before diagnosis
[3]. Uncontrolled osteoporosis can lead to the recurrence of
fragility fractures, eventually leading to disability and even
death, resulting in huge economic losses. A study showed
that the annual cost of osteoporosis in the USA is expected
to reach US$95 billion by 2040 [4].

In healthy young adults, the bone turnover cycle is bal-
anced, with secondary osteoporosis manifesting in the face
of chronic disease, aging, and exposures such as gluco-
corticoids, often attributed to causes like hypogonadism,
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excessive alcohol intake, and prolonged glucocorticoid use.
A common misconception is viewing osteoporosis not as
a serious health condition but as a natural consequence of
aging. Such perceptions persist despite the potential severe
ramifications of untreated osteoporosis. This misconception,
combined with the asymptomatic nature of the condition
until a fracture occurs, may contribute to the overall poor
adherence seen with anti-osteoporosis medications, not just
denosumab.

Denosumab is one of the drugs that can effectively reduce
the risk of clinical fracture [5]. In 2010, it was the first
monoclonal antibody approved for the treatment of osteo-
porosis. Denosumab binds to and inhibits receptor activator
of nuclear factor-«f ligand (RANKL), which inhibits bone
resorption. Long-term (10-year) denosumab treatment has
been found to consistently improve bone mineral density
and reduce fracture risk in patients without increasing the
incidence of adverse events [6]. While adherence to long-
term denosumab therapy has been observed to be superior
compared to some other osteoporosis treatments like oral
bisphosphonates, there is still a notable decline over time
that warrants attention [7]. Discontinuation of denosumab
can lead to a rapid loss of bone mass in patients, which can
greatly increase the risk of multiple vertebral fractures [8, 9].

In this study, we established a clinical pharmacist adher-
ence management system (CPAMS) led by clinical phar-
macists and examined whether denosumab adherence could
be improved. The performance of the system during the
COVID-19 pandemic was also tested.

Methods
Patients

All these patients were admitted to the inpatient department
of Ningbo No.6 Hospital from March 2021 to May 2022.
Patients aged 50 to 90 years old with lumbar spine or total
hip bone mineral density T-scores of less than —2.5 at either
location but greater than —4.0 at both locations and treated
with denosumab were included in the study [6]. All patients
had their initial denosumab injection prior to discharge, with
follow-up injections handled by the outpatient department.
Patients who participated in the CPAMS were enrolled in
the intervention group, and the remaining patients served
as the control group. All patients were educated by clinical
pharmacists when they first used denosumab to ensure they
were aware of its long-term use (Fig S1).

The study was approved by the Ethics Committee of the
Ningbo No.6 Hospital (approval no: X2021034). Formal con-
sent is not required for this study type (retrospective study).
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Clinical pharmacist adherence management system
(CPAMS)

The CPAMS was established by clinical pharmacists at the
Ningbo No.6 Hospital to improve medication adherence.
Denosumab was the first drug to be administered using
CPAMS. It worked as follows:

After the first use of denosumab, patient information
will be included in the Convergence Media doctor-patient
mutual action platform (Ningfan Technology, Ningbo) in
CPAMS. The CPAMS automatically generates a schedule
of denosumab injections every 6 months. One week before
the next injection, the platform automatically generated
a reminder text message to notify the patients or their
families. Simultaneously, the information is synchronised
to the clinical pharmacist’s work-related mobile phones.
After the patients received subsequent denosumab injec-
tions on time, the CPAMS generated a new denosumab
injection schedule. If the patient did not visit the clinic
on the second day of the scheduled subsequent visit, the
clinical pharmacist contacted the patient or their family via
telephone to remind them and provide medication consul-
tation services (Fig. 1). All reminder messages were sent
in the official name of Ningbo No.6 Hospital. The resulting
SMS costs were all borne by the hospital, which is ¥0.01
(approximately $0.0014) per text.

Evaluation method

The proportion of days covered (PDC) value of deno-
sumab, distribution of subsequent visits, and proportion
of patients who continued to participate were collected,
including during the normal and coronavirus (COVID-19)
periods. The COVID-19 period in this study refers to the
period of a large number of Chinese people being infected
with COVID-19 after China cancelled large-scale nucleic
acid testing and quarantine. The COVID-19 period was
approximately from December 2022 to February 2023.
The PDC values in this study were calculated using the
formula: number of days of denosumab coverage in the
year after the first dose of denosumab/total number of
days (1 year starting with denosumab injection). The PDC
value (normal period) was calculated using the time of the
first denosumab injection as the starting time, which was
recorded as the first PDC. The PDC value (COVID-19
period) was calculated using the time of the second deno-
sumab injection as the starting time, which was recorded
as the second PDC. The distribution of subsequent visits
included the rate of subsequent visits and the proportion
of on-time and delayed visits. Patients who did not return
for more than 2 months after the expected subsequent visit
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Fig. 1 The flow diagram of CPAMS

were considered to have no intention of continuing deno-
sumab therapy. All enrolled patients were asked if they
wished to remain engaged with the CPAMS beyond the
duration of the study. This assessed patients’ willingness
to continue participating in the system.

Statistical analysis

SPSS version 16.0 (IBM, Armonk, NY, USA) was used
for data processing, and statistical significance was set at
P <0.05. Measurement data with a normal distribution
were presented as the mean + SD. Measurement data with
non-normal distributions were presented as median (25%
percentile, 75% percentile). Count data were presented as
percentages. The #-test was used for parametric tests. Kol-
mogorov—Smirnov and Wilcoxon’s tests were used as non-
parametric tests. Differences in constituent proportions were
analysed using the chi-square and McNemar’s tests.

Results

A total of 85 patients were enrolled in this study, of which
32 patients had participated in the CPAMS and were
included in the intervention group, and the remaining 53
patients were included in the control group. Data on age,
sex, education, complications (diabetes), smoking his-
tory, and combined medications were collected as baseline

The day after the injection

characteristics. No significant differences were observed
between the intervention and control groups, except for
fracture rates (Table 1).

After giving all patients the same denosumab education
and follow-up reminders, the first PDC was significantly
higher in the intervention group (0.9875, 0.9025-1) than
in the control group (0.5, 0.5-0.5) (P <0.0001) (Fig. 2a).
Unexpectedly, none of the patients in the control group
returned for a subsequent visit. In contrast, 30 patients
(93.75%) in the intervention group returned to the outpa-
tient clinic after discharge (Fig. 2b; Table 2).

After the COVID-19 pandemic, compared with the
first PDC value (0.9875, 0.9025-1), the second PDC
value (0.957, 0.5-1) of the intervention group showed a
significant reduction (P <0.0128) (Fig. 3a). The number
of patients that returned for subsequent visit decreased
from 30 (93.75%) before the COVID-19 outbreak to 22
(68.75%) after the COVID-19 pandemic (Fig. 3b; Table 3).

Notably, the ratio of on-time to delayed subsequent visits
was 9:13 in the intervention group after the COVID-19 pan-
demic, which was not statistically different from 11:19 before
the COVID-19 pandemic (P=0.780) (Fig. 4; Table 3).

At the end of the study, we asked all enrolled patients
if they desired to participate in the CPAMS. Thirty-one
(96.88%) patients in the intervention group were willing
to continue participating in the CPAMS, which was signifi-
cantly higher than the 19 (35.85%) patients in the control
group (P <0.0001) (Fig. 5; Table 4).
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Table 1 Baseline characteristics
of the patients in the
intervention and control groups

Discussion

Intervention (N=32) Control (N=53} P value
Age 68.94 (8.47) 72.87 (9.70) 0.0663
Sex, n (%) 0.0684
Man 1(3.125%) 2 (3.77%)
Woman 31 (96.88%) 51 (96.23%)
Education, n (%) 0.0562
Uneducated 9 (16.98%) 4 (12.50%)
Primary education 24 (45.28%) 20 (62.50%)
Junior high school education 17 (32.08%) 7 (21.88%)
Senior high school education 3 (5.66%) 1(3.13%)
Diabetes, n (%) 0.470
Yes 8 (25.00%) 18 (34.00%)
No 24 (75.00%) 35 (66.00%)
Tumour, n (%) 1.000
Yes 1 (3.12%) 3 (5.66%)
No 31 (96.88%) 50 (94.34%)
Combined medications
Calcium tablet and Vitamin D 0.470
Yes 24 (75.00%) 35 (34.00%)
No 8 (25.00%) 18 (66.00%)
Concurrent polypharmacy
No 17 (32.1%) 13 (40.6%) 0.823
1 chronic medication 9 (17.0%) 6 (18.8%)
2 chronic medication 15 (28.3%) 7 (21.9%)
>3 chronic medication 12 (22.6%) 6 (18.8%)
BMD T-score
Lumbar spine —2.50(1.16) —2.51(1.03) 0.951
Total hip —1.29 (1.03) —1.89 (1.09) 0.801
Biochemical parameters
Blood calcium, median (IQR) 2.28 (2.23-2.35) 222 (2.20-2.41) 0.940
Blood phosphate 1.10 (0.18) 1.14 (0.20) 0.329
B-Crosslaps, median (IQR) 5797.1 (264.7-1032.0) 515.4 (275.1-821.5) 0.923
PINP, median (IQR) 49.83 (31.74-85.51) 61.64 (31.17-68.40) 0.885
SHBG, median (IQR) 58.59 (43.11-85.83) 42.74 (29.27-53.29) 0.061
Fracture, n (%)
Yes 47 (88.7%) 21 (65.6%) 0.013*
No 6 (11.3%) 11 (34.4%)
Fracture type, n (%) N=47 N=21
Vertebral fractures 32 (68.1%) 15 (71.4%) 0.340
Hip fracture 8 (17.0%) 1(4.8%)
Nonvertebral fracture 7 (14.9%) 5(23.8%)

Data are mean (SD) unless otherwise noted. Absorptiometry (GE Prodigy Advance)

BMD bone mineral density by dual-energy x-ray, PINP procollagen type 1 N-terminal propeptide, /OR
interquartile range (25% percentile-75% percentile)

“¥P <0.05

Historical data often suggest that prior fractures could
enhance adherence to osteoporosis treatments [10]. However,
in our cohort, such history did not appear to significantly
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influence adherence. Despite the higher prevalence of prior
fractures in the control group, the adherence rate did not
reflect a corresponding increase. In fact, 6 months post-
intervention, none of the control group patients returned
for medication refills, reinforcing the notion that previous
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Fig.2 a The first PDC values for the control versus intervention
groups. b The percentage of subsequent visits for patients 1 year after
initial denosumab treatment. “****” indicates a P value <0.0001

Table 2 Distribution of subsequent visits of patients 1 year after ini-
tial denosumab treatment

Subsequent visit, Intervention Control P <0.0001
n (%)

Yes 30 (93.75%) 0 (0.0%)

No 2 (6.25%) 53 (100.0%)

fracture history was not a determinant of adherence in this
study context.

In this study, we observed that after 6 months, none
of the patients in the control group complied with the
doctor’s request for long-term use of denosumab, despite
receiving medication education from the clinical pharma-
cist before discharge from the hospital and during subse-
quent follow-up visits. This was maintained until the end
of the study period. This suggests that adherence issues
with denosumab therapy could be more pronounced in
China compared to other nations. There are many fac-
tors that affect adherence, including patient preferences,
cultural differences, communication with physicians, and
pharmacists' education [11]. In China, there is a general
perception that one should “avoid taking drugs as much
as possible to avoid adverse reactions.” Long-term drug
use is not easily accepted by Chinese people, especially
the older population. A study conducted in other coun-
tries also showed that patient concerns about long-term
safety (30.3%) and experience of side effects (29.7%) were

Fig.3 a The first PDC values versus the second PDC (after the
COVID-19 pandemic) in the intervention group. b The percentage
of subsequent visits in the intervention group before and after the
COVID-19 pandemic. “*” indicates a P value <0.05

Table 3 Distribution of subsequent visits before and after COVID-19
in the intervention group

Intervention After COVID-19 P

Subsequent visit, n (%) 0.027
Yes 30 (93.75%) 22 (68.75%)
No 2(6.25%) 10 (31.25%)
Subsequent visit-on time, n (%) 1.000
Yes 11 (36.67%) 9 (40.91%)
No 19 (63.33%) 13 (59.09%)
100+ )
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Intervention
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Fig.4 The proportions of on-time to delayed subsequent visits before

and after the COVID-19 pandemic in the intervention group

significant factors for discontinuation [12]. Similar pat-
terns of medication discontinuation or non-adherence have
been observed with antirheumatic and anti-gout drugs
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Table 4 Proportion of patients willing to participate in CPAMS

Intervention Control P

Keep the CAPMS, n (%) <0.0001
Yes 31 (96.875%)

No 1(3.125%)

19 (35.85%)
34 (64.15%)

[13, 14]. This overarching sentiment towards medication
might explain the results presented at the beginning of
this paragraph.

We acknowledge the pivotal role shared decision-making
plays in enhancing patient compliance. Engaging patients in
their treatment decisions fosters intrinsic motivation, rein-
forcing adherence [15]. Although we did not implement a
structured SDM process, the cost of denosumab necessi-
tated patients being well-informed by their physician and
clinical pharmacist, with alternative treatment options pre-
sented. Consequently, those who opted for denosumab did
so voluntarily. This, we believe, emulates a simplified SDM
approach. However, the fluid nature of patient decisions over
a 6-month span was evident, as many shifted their focus
from osteoporosis treatment. For several patients, osteoporo-
sis was perceived as a mere age-related phenomenon, mini-
mizing its potential risks. They felt caution in daily activities
would suffice to prevent future fractures [16]. Intriguingly,
despite SMS reminders, a significant proportion of patients
in the intervention group still required the direct intervention
of clinical pharmacists, which effectively became an itera-
tive shared decision-making process.

In addition, forgetting was hypothesised to be another
cause of poor adherence. Forgetfulness can arise from vari-
ous factors such as managing multiple commitments and
the responsibility of taking several medications. Handling
numerous medication schedules can amplify the complex-
ity of personal healthcare management, potentially leading
to oversight or missed doses [17]. Therefore, CPAMS was
designed to inform the patient 1 week prior to the next injec-
tion. Based on the results of the intervention group, the early
reminder text message was considered effective. Mobile
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telephone text messaging has been shown to improve medi-
cation adherence in middle-aged patients with chronic dis-
eases [18]. However, approximately one-third of the patients
in the intervention group met the expected subsequent visit
time. This proportion increased after the COVID-19 pan-
demic; however, the difference was not statistically sig-
nificant. The remaining patients required second telephone
reminders from the clinical pharmacists. In communication
with the clinical pharmacist, some patients said they for-
got the injection time again, and some did not notice the
initial reminder. Automated reminder text messages sent
by the CPAMS are of limited use. Relevant literature has
also pointed out that without the support of medical staff,
it is difficult to improve the effects of medication reminders
alone [19, 20]. In addition, all patients who communicated
with clinical pharmacists were asked about the side effects
of the long-term use of denosumab. Secondary medication
education by clinical pharmacists appeared to be the key to
CPAMS improving adherence to denosumab. However, the
workload and cost of clinical pharmacists conducting multi-
ple education or follow-up sessions for each patient need to
be considered, especially in China, where there is a shortage
of clinical pharmacists.

Clinical pharmacist interventions are effective in improv-
ing medication adherence. The interventions include medi-
cation education and telephone or face-to-face follow-up
[21-23]. Several studies have shown that clinical phar-
macists effectively improve treatment effects in managing
chronic hypertension [21, 22, 24]. The approach of phar-
macy student-based interventions to reduce the burden on
clinical pharmacists has been proven effective [25]. How-
ever, considering the time cost and low professionalism of
students, we believe it still needs improvement. Therefore,
the CPAMS was designed so that it did not require constant
attention from clinical pharmacists once a patient entered
the system. When the time for the next injection approaches,
the system alerts both the patient and the clinical pharmacist
via mobile phone text messages. At this point, the clinical
pharmacist pays more attention to the patient. The purpose
of this function is to prevent clinical pharmacists from for-
getting. If the SMS reminder for the patient fails, the clinical
pharmacist sends a second reminder and provides medica-
tion education. Older patients may prefer telephone follow-
ups by clinical pharmacists because of factors such as a low
education level or vision. Additionally, real-time commu-
nication appears to be more memorable than text-message
communication. In this study, approximately two-thirds of
the patients received a second reminder from their clinical
pharmacist and returned for a subsequent visit.

The COVID-19 pandemic greatly challenged the health-
care services of all countries affected [26]. In this study, we
observed that the improvement effect of CPAMS was weak-
ened under the impact of the COVID-19 pandemic, which
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specifically manifested as a reduction in the second PDC
value. In fact, China’s regional lockdown policy during the
initial stages of the COVID-19 pandemic did not cause much
interference with CPAMS, and patients with osteoporosis
with adequate protection were willing to visit the hospital.
However, after the cancellation of the prolonged lockdown
in China, the COVID-19 infection began to spread [27, 28].
The rapid increase in the number of patients infected with
COVID-19 was the main reason patients with osteoporo-
sis were unwilling to go out. This explains why the second
PDC value was significantly lower in the intervention group.
However, although the COVID-19 pandemic inevitably
affected the operation of CPAMS, more than 50% of patients
in the intervention group completed continuous denosumab
treatment, which was still much higher than that in the con-
trol group. Interestingly, 59.09% of the patients who com-
pleted the follow-up visit still required secondary reminders
and drug education from clinical pharmacists. This suggests
that the role of clinical pharmacists in CPAMS is important.

There is no universal measure of medication adherence.
Direct measurements, such as blood concentration monitor-
ing, are accurate but expensive and difficult to implement.
Current measures of adherence include the medication pos-
session ratio (MPR), proportion of days covered (PDC), pill
count, clinician assessment, and patient self-report [29]. In
this study, all denosumab injections were administered in
the outpatient clinic of the hospital by a nurse. Therefore,
the PDC value was a more appropriate index for evaluating
adherence in this study. To improve the health outcomes
of the patients, a uniform reminder of denosumab injection
administration was initiated by the clinical pharmacist at
the end of the study for all patients, including those in the
control group. The willingness of patients to participate in
CPAMS in the future rather than creating questionnaires or
questions and answers was a better indicator of patient satis-
faction with CPAMS, given the need to prevent patients from
feeling oppressed or the difficulty of understanding in older
patients [30]. Patients only needed to answer whether they
were interested in participating subsequently; this avoids
taking up too much time, which can cause impatience. All
patients in the intervention group were willing to continue
participating in the CPAMS, except for one who discontin-
ued denosumab because of financial problems. However,
only 19 patients in the control group expressed willingness
to participate in the system. We found that the acceptance
of CPAMS was much higher in patients who participated
continuously than in those who did not. This suggests that
CPAMS intervention should be initiated at the initial time
of drug use and continued thereafter.

A limitation of this study is that the precise reasons for
the discontinuation of denosumab were not studied to mini-
mise the discontinuation. The study’s power was limited by
the few participating patients, as CPAMS, still in validation,

was approved for limited use in select departments. In addi-
tion, the results of patient satisfaction with CPAMS were too
simple, and there was a lack of multidimensional evaluation
for improvement. Finally, the current CPAMS, which only
improves adherence to denosumab, is inadequate. Therefore,
using CPAMS to improve adherence to other drugs, such as
anti-gout drugs, will be the direction of our next study.

Conclusion

The clinical pharmacist-led CPAMS could effectively
improve denosumab adherence and the treatment of osteo-
porosis. Although this effect weakened during the spread
of infectious diseases such as COVID-19, there was still
improvement. Most patients were satisfied with the system
and willing to continue participating.
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