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Abstract
Background
Long-term care issues, specifically metabolic bone disorders, are a concern for people living with human immunodeficiency virus (PLWH) who undergo life-long antiretroviral therapy (ART). Previous clinical trials with denosumab, an anti-RANKL antibody inhibitor, have revealed its effectiveness in increasing bone mineral density (BMD) in patients with osteoporosis. However, there are limited data on adherence and effectiveness of denosumab treatment for osteoporosis in PLWH. Hence, this study aimed to investigate the adherence and effectiveness of denosumab treatment for osteoporosis in Japanese PLWH.

Methods
This study is a retrospective exploratory analysis of 29 Japanese PLWH who initiated denosumab treatment for osteoporosis, between 2013 and 2021. The study included patients who received at least one dose of denosumab every 6 months. Adherence and persistence were defined as receiving two consecutive injections of denosumab 6 months ± 4 weeks apart and 6 months + 8 weeks apart, respectively. The primary outcome measure of the study was the adherence of denosumab treatment for 24 months. The secondary outcome measures included treatment persistence and BMD. The period after January 2020 was defined as the coronavirus disease 2019 (COVID-19) pandemic period, and its impact on adherence was investigated.

Results
The treatment adherence rates at 12 and 24 months were 89.7% and 60.7%, respectively. By contrast, the treatment persistence at 12 and 24 months was 100% and 85.7%, respectively. More patients in the group who initiated denosumab treatment after the COVID-19 pandemic reached non-adherence than in the group who initiated denosumab treatment before the pandemic. BMD at the lumbar spine and femoral neck significantly increased compared to that at baseline, with median percentage changes of 8.7% (p < 0.001) and 3.5% (p = 0.001), respectively.

Conclusions
The results showed that patients in the study had a high rate of non-adherence but a lower rate of non-persistence. Additionally, PLWH on ongoing ART experienced increased BMD with denosumab treatment. This study provides an opportunity to improve future strategies for denosumab treatment in the Japanese PLWH.
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Background
The prognosis of human immunodeficiency virus (HIV) infection has improved drastically. However, lifelong antiretroviral therapy (ART) is required to maintain its therapeutic effects, and issues related to long-term care have emerged [1]. In particular, metabolic bone disorders in people living with HIV (PLWH) have received notable attention in recent years [2]. There is a higher proportion of PLWH with decreased bone mineral density (BMD) than in non-infected individuals [3]. In addition, a meta-analysis of BMD reduction found that the risk of BMD reduction was higher in the ART group than in the untreated group [4]. Other studies have reported that the antiretroviral drug (ARV), tenofovir (TFV) can cause BMD reduction [5, 6]. Therefore, the pharmacotherapy of osteoporosis would be an important strategy for preventing fractures in PLWH. Specifically, the effectiveness of bisphosphonates and denosumab, an anti-RANKL antibody, has been reported in non-HIV-infected elderly women [7, 8].
Bisphosphonates, the prevalent treatment for osteoporosis, have been reported to improve BMD in PLWH [9, 10]. However, bisphosphonates have also been associated with difficulties in maintaining medication adherence [11]. Treatment with denosumab has been shown to significantly increase BMD in clinical trials and a reduction in fracture risk has been reported, particularly for the treatment of postmenopausal osteoporosis in women [8]. Compared with bisphosphonates, denosumab has high treatment adherence and satisfaction rates [12, 13]. However, there have been multiple reports of a decrease in adherence to denosumab being related to a decrease in the treatment efficacy [14–16], and adherence to denosumab is thought to be an important indicator in osteoporosis treatment. Self-administration of denosumab is not allowed in Japan. Therefore, regular appointment scheduling and hospital visits are crucial to maintain adherence to the subcutaneous injections of denosumab. To date, no reports have clarified the adherence to denosumab in PLWH, and there are only a few reports on the effectiveness of the treatment [17, 18].
Adherence to denosumab treatment is believed to be affected by accessibility to healthcare [19]; thus, it is important to examine local adherence data in countries where PLWH are present. Additionally, the confusion related to healthcare access caused by the coronavirus disease 2019 (COVID-19) pandemic from January 2020 onward has led to a decrease in patient visits [20, 21]; we hypothesized that the COVID-19 pandemic may have affected denosumab treatment adherence in PLWH. The objective of this study was to examine the adherence to denosumab treatment in Japanese PLWH who have osteoporosis. Moreover, we assessed the impact of the COVID-19 pandemic on denosumab treatment adherence in PLWH and the changes in BMD associated with denosumab treatment.

Methods
Study design and patients
This retrospective exploratory study was conducted on Japanese PLWH aged 20 years or older who initiated denosumab treatment for osteoporosis between June 1, 2013, and June 30, 2021, at Sapporo Medical University Hospital. We screened 123 PLWH who had visited our hospital and selected those who had initiated denosumab treatment for osteoporosis. All eligible patients who received at least one dose of denosumab (60 mg administered as a single subcutaneous injection every 6 months) were enrolled in the study. The data to be used for analysis were collected until August 31, 2022. The Subject Enrollment Flowchart is presented in Supplemental Figure S1. This study was approved by the institutional review board of Sapporo Medical University (342–141). Patient consent was obtained using the opt-out method.

Data collection
All data were collected from the patients’ hospital charts. Demographic and clinical data included age, sex, body mass index, smoking status, date of denosumab administration, date of BMD measurement, history of acquired immunodeficiency syndrome diagnosis, duration of HIV diagnosis, duration of ART, ART regimen, concomitant medications, and laboratory data including serum calcium levels, serum albumin levels, HIV-RNA viral levels, and CD4 cell counts. The BMD of the lumbar spine and femoral neck were measured using dual-energy X-ray absorptiometry (Horizon A DXA System; HOLOGIC, Waltham, MA, USA).

Outcome measures
The primary outcome was adherence to denosumab treatment for 24 months. Secondary outcomes included adherence to denosumab treatment at 12 months after treatment, the first incidence of non-adherence and non-persistence with denosumab treatment initiation, comparison of denosumab adherence before and after the COVID-19 pandemic, persistence with denosumab treatment at 12 and 24 months after treatment initiation, and changes in the lumbar spine and femoral neck BMD from baseline to the follow-up evaluation. Safety outcomes were assessed for hypocalcemia and infectious events. Hypocalcemia was defined as a total serum calcium level < 8.4 mg/dL. Infectious events were defined using physician diagnosis documented in the electronic medical record.

Definitions
Adherence was defined as receiving two consecutive injections of denosumab 6 months ± 4 weeks apart [12, 19, 22]. Persistence was defined as receiving two consecutive in denosumab injections 6 months + 8 weeks apart [19, 22]. As previously reported, the medication coverage ratio (MCR) was calculated as the proportion of time a patient's treatment was covered by denosumab [22]. A single injection of denosumab was assumed to provide 6 months of medication coverage. The period after January 2020 was defined as after the COVID-19 pandemic period. Virological suppression was defined as an HIV-1 RNA level of < 50 copies/mL. A serum calcium concentration < 8.5 mg/dL was defined as hypocalcemia. We corrected the total serum calcium levels by serum albumin levels if albumin levels < 4.0 g/dL, using the following formula: corrected calcium (mg/dL) = total calcium (mg/dL) + (4.0 − albumin [g/dL]) [23]. Infectious adverse events (AEs) were defined as symptoms of infection for which systemic antimicrobials were prescribed. To analyze changes in BMD, we calculated the annual percentage change from baseline to follow-up using the following formula: {[(BMD follow-up—BMD baseline) / BMD baseline] * 100 / days between assessments} × 365.25 [24]. Patients were divided into two groups based on a 3% annual increase in BMD [25, 26].

Statistical analyses
We did not perform formal sample size calculations because our primary endpoint was the assessment of adherence to denosumab therapy within a single group without specific targets or comparisons, given the exploratory nature of this study. Continuous variables were presented as medians and interquartile ranges (first and third quartiles). Categorical variables were expressed as the number of patients and percentages. Statistical analysis was performed using the Mann–Whitney U test for continuous variables and Fisher’s exact test for categorical variables. BMD comparisons during the study period were performed using the Wilcoxon signed-rank test. Kaplan–Meier survival analysis was used to assess adherence and persistence, and log-rank tests were used to compare patients who initiated denosumab treatment before and after the COVID-19 pandemic. Annualized lumbar spine and femoral neck BMD changes and medication coverage ratio at follow-up were analyzed using Spearman's correlation analysis. Because the proportion of missing data was minimal, we conducted each analysis by excluding cases with missing data. Statistical significance was defined as p < 0.05 for a two-sided test. All analyses were performed using JMP Pro version 15 (SAS Institute, Cary, NC, USA).


Results
Characteristics of patients
Twenty-nine PLWH who received denosumab were included in the analysis. One patient with missing data on follow-up BMD was excluded from the analysis of changes in the lumbar spine and femoral neck BMD. Another patient was lost to follow-up because of relocation at 966 days after initiating denosumab treatment. The median follow-up duration of all patients was 1417 (range, 506–3755) days. The baseline demographic and clinical characteristics of patients enrolled in this study are shown in Table 1. All patients were virologically suppressed, with a median ART duration of 4 years; 23 patients (79.3%) used TFV.Table 1Baseline demographics and clinical characteristics of patientsa


	Characteristics
	 
	Number of patients
	29

	Age (years), median (IQR)
	39.0 (35.5–44.0)

	Gender, male, n (%)
	26 (89.7)

	BMI (kg/m2), median (IQR)
	20.2 (18.7–23.6)

	Current smoking, n (%)
	12 (41.4)

	Prior AIDS diagnosis, n (%)
	10 (34.5)

	Time since diagnosis HIV (years), median (IQR)
	4 (1–9)

	HIV-RNA < 50 copies/mL, n (%)
	29 (100)

	CD4 cell count (cells/µL), median (IQR)
	438 (301–805)

	Time on antiretroviral therapy (years), median (IQR)
	4 (1–8)

	Backbone drug

	 TAF/FTC, n (%)
	13 (44.8)

	 TDF/FTC, n (%)
	10 (34.5)

	 ABC/3TC, n (%)
	6 (20.7)

	Key drug class

	 INSTI, n (%)
	18 (62.1)

	 PI, n (%)
	10 (34.5)

	 NNRTI, n (%)
	1 (3.4)

	 Number of non-HIV medications, median (IQR)
	2 (1–4)

	 Use of ≥ 5 non-HIV medications, n (%)
	1 (3.4)

	 Serum-corrected Ca (mg/dL), median (IQR)
	9.2 (9.0–9.4)

	 BP pre-treatment, n (%)
	6 (20.7)

	 Lumbar spine BMD (g/cm2), median (IQR)
	0.798 (0.753–0.873)

	 Femoral neck BMD (g/cm2), median (IQR)
	0.606 (0.570–0.660)


Abbreviations: 3TC lamivudine, ABC abacavir, AIDS acquired immunodeficiency syndrome, BMD bone mineral density, BP bisphosphonate, BMI body mass index, Ca calcium, FTC emtricitabine, INSTI integrase strand transfer inhibitor, NNRTI non-nucleoside reverse transcriptase inhibitor, NRTI nucleoside reverse transcriptase inhibitor, PI protease inhibitor, TAF tenofovir alafenamide fumarate, and TDF tenofovir disoproxil fumarate
a Data are expressed as numbers and frequencies (%) or median values with interquartile ranges (IQRs)




Adherence and persistence
Adherence rates at 12 and 24 months were 89.7% and 60.7%, respectively. The median time from the commencement of denosumab treatment to non-adherence was 957 days (95% CI, 404–1296 days) (Supplemental Figure S2). The persistence rates at 12 and 24 months were 100% and 85.7%, respectively. The median persistence was 1366 days (95% CI, 992–2973 days) (Supplemental Figure S2). A comparison of the demographic and clinical characteristics between the denosumab treatment adherent and non-adherent groups at 24 months is shown in Table 2. The durations of HIV diagnosis and ART in the adherence group were significantly longer than those in the non-adherence group (p = 0.007 and p = 0.005, respectively). The proportion of patients who initiated denosumab treatment before the pandemic was significantly higher in the adherent group (p = 0.022). The Kaplan–Meier survival curves of denosumab adherence and persistence divided into patients who initiated denosumab before and after the COVID-19 pandemic are shown in Fig. 1. Patients who initiated denosumab after the pandemic had a shorter time to non-adherence than patients who initiated denosumab before the pandemic (p = 0.012). Persistence was not significantly different between patients who initiated denosumab treatment before and after the pandemic (p = 0.976). A comparison of the demographic and clinical characteristics between the denosumab treatment initiated before and after the COVID-19 pandemic groups is presented in Supplemental Table S1. Before the COVID-19 pandemic, the group had higher CD4 cell counts (p = 0.012) and a significantly longer duration of ART (p = 0.022).Table 2Demographic and clinical characteristics of denosumab adherence versus non-adherence groups at 24 months (n = 28) a


	Characteristics
	Denosumab treatment adherence at 24 months
	p-value c

	Adherent group (n = 17) b
	Non-adherent group (n = 11) b

	Age (years), median (IQR)
	39.0 (36.0–43.3)
	39.0 (34.0–45.0)
	0.962

	Gender, male, n (%)
	15 (88.2)
	10 (90.9)
	1.000

	BMI (kg/m2), median (IQR)
	21.4 (19.2–24.7)
	19.0 (18.6–20.7)
	0.145

	Current smoking, n (%)
	6 (35.3)
	6 (54.5)
	0.441

	Prior AIDS diagnosis, n (%)
	4 (23.5)
	6 (54.5)
	0.125

	Time since diagnosis HIV (years), median (IQR)
	5 (1–10)
	1 (0–4)
	0.007

	CD4 cell count (cells/µL), median (IQR)
	534 (373–805)
	355 (149–827)
	0.158

	Time on antiretroviral therapy (years), median (IQR)
	4 (2–10)
	1 (1–3)
	0.005

	Denosumab treatment initiated before the COVID-19 pandemic, n (%)
	16 (94.1)
	6 (54.5)
	0.022


Abbreviations: AIDS acquired immunodeficiency syndrome, BMI body mass index, COVID-19 coronavirus disease 2019, HIV human immunodeficiency virus, IQR interquartile range
a Data are expressed as numbers and frequencies (%) or median values with interquartile ranges (IQRs)
b Adherence and persistence were evaluated for 24 months, excluding one case that did not reach 24 months after the commencement of denosumab treatment
c Fisher’s exact test was used for categorical data, and the Mann–Whitney U test was used for continuous data


[image: ]
Fig. 1Kaplan–Meier survival curves for patients initiating denosumab treatment before and after the COVID-19 pandemic. Kaplan–Meier survival curves of denosumab treatment adherence and persistence in 29 patients comparing patients who initiated treatment before (solid line) and after (dotted line) the COVID-19 pandemic. Patients who initiated denosumab before the pandemic showed a significantly lower risk of non-adherence than those who initiated treatment after the pandemic (log-rank test, p = 0.012). Denosumab treatment persistence was not significantly different between patients who initiated treatment before and those who initiated treatment after the pandemic (log-rank test, p = 0.976). COVID-19, coronavirus disease 2019



BMD changes with denosumab treatment
The BMD changes from baseline to follow-up with denosumab treatment are shown in Fig. 2. The follow-up lumbar spinal BMD significantly increased compared to baseline (median percentage changes, + 8.7%, p < 0.001). All patients showed increased lumbar spine BMD at follow-up. The follow-up femoral neck BMD significantly increased compared to baseline (median percentage changes, + 3.5%, p = 0.001). The median annualized lumbar spine and femoral neck BMD changes were + 4.2% (95% CI, 2.4–6.1) and + 1.7% (95% CI, -0.8–2.8), respectively. Annualized lumbar spine and femoral neck BMD changes were not significantly associated with adherence status at 24 months or MCR to follow-up (Supplemental Figures S3, S4). Seventeen patients (60.7%) in the lumbar spine and six patients (21.4%) in the femoral neck showed a significant increase of > 3%. Patients were divided into an annual increase group of > 3% and a non-increased group based on BMD at follow-up. To investigate the factors contributing to the BMD increase, a comparison of the demographic and clinical characteristics was conducted between the increased and non-increased groups (Table 3). Compared to the non-increased group in lumbar spine BMD, the increased group had a lower median age (p = 0.018) and a higher proportion of patients using TFV (p = 0.022).[image: ]
Fig. 2Box-and-whisker plots and Wilcoxon signed-rank tests of baseline versus follow-up bone mineral density. One patient who did not undergo follow-up BMD measurements was excluded from the analysis. Box-and-whisker plots show the median and interquartile ranges, as well as the upper and lower extremes. Diamond-shaped dots show outliers. Dot plots depict the baseline and follow-up BMD in 28 paired samples connected by a line. Paired Wilcoxon signed-rank tests were used to evaluate changes in BMD. A p-value < 0.05 indicated statistical significance. The follow-up lumbar spine BMD was significantly higher than that at baseline (median, 0.803 [IQR, 0.744–0.876] versus 0.888 [0.805–0.943]), respectively. Similarly, the follow-up femoral neck BMD was significantly higher than that at baseline (median, 0.615 [IQR, 0.569–0.661] versus 0.631 [0.584–0.708]), respectively. The median follow-up time was 658 (IQR, 501–906) days. BMD, bone mineral density; IQR, interquartile range

Table 3Comparison of demographic and clinical parameters between increased and non-increased BMD groups a


	Parameters
	Lumbar spine BMD
	p-value c
	Femoral neck BMD
	p-value c

	Increased group (≥ 3% per year) n = 17 b
	Non-increased group (< 3% per year) n = 11 b
	Increased group (≥ 3% per year) n = 6 b
	Non-increased group (< 3% per year) n = 22 b

	Age (years), median (IQR)
	37.0 (34.5–40.5)
	43.0 (39.0–46.0)
	0.018
	40.5 (32.3–45.0)
	39.0 (35.0–43.3)
	0.978

	Gender, male, n (%)
	15 (88.2)
	10 (90.9)
	1.000
	6 (100)
	19 (86.4)
	1.000

	Body mass index (kg/m2), median (IQR)
	20.2 (18.9–23.8)
	19.8 (17.9–23.7)
	0.452
	23.2 (18.4–23.7)
	20.0 (18.6–23.8)
	0.675

	Current smoking, n (%)
	9 (52.9)
	2 (18.2)
	0.115
	1 (16.7)
	10 (45.5)
	0.355

	Prior AIDS diagnosis, n (%)
	4 (23.5)
	5 (45.5)
	0.409
	2 (33.3)
	7 (31.8)
	1.000

	Time since diagnosis HIV (years), median (IQR)
	1 (1–6.5)
	4 (1–12)
	0.325
	1 (0.75–6.8)
	4 (1–9)
	0.458

	CD4 cell count, median (IQR)
	394 (301–545)
	766 (149–907)
	0.132
	518 (180–782)
	436 (306–804)
	0.716

	Time on antiretroviral therapy (years), median (IQR)
	2 (1–5)
	4 (1–9)
	0.258
	2 (1–5)
	4 (1–8)
	0.492

	TFV use at baseline, n (%)
	16 (94.1)
	6 (54.5)
	0.022
	5 (83.3)
	17 (77.3)
	1.000

	BP pre-treatment, n (%)
	1 (5.9)
	4 (36.4)
	0.062
	0 (0)
	5 (22.7)
	0.553

	Lumbar spine BMD at baseline (g/cm2), median (IQR)
	0.789 (0.723–0.845)
	0.867 (0.774–0.912)
	0.105
	0.827 (0.769–0.883)
	0.800 (0.732–0.874)
	0.801

	Femoral neck BMD at baseline (g/cm2), median (IQR)
	0.606 (0.574–0.679)
	0.623 (0.540–0.654)
	0.621
	0.602 (0.568–0.655)
	0.615 (0.568–0.680)
	0.654

	Denosumab treatment initiated before the COVID-19 pandemic, n (%)
	13 (76.5)
	8 (72.7)
	1.000
	5 (83.3)
	16 (72.7)
	1.000

	Adherence at 12 months, n (%)
	14 (82.4)
	11 (100)
	0.258
	6 (100)
	19 (86.4)
	1.000

	Adherence at 24 months, n (%)
	12 (70.6)
	6 (54.5)
	0.444
	5 (83.3)
	13 (59.1)
	0.375

	MCR to follow-up (%), median (IQR)
	95.0 (92.3–98.9)
	98.6 (93.2–99.1)
	0.525
	95.6 (91.6–99.3)
	95.2 (92.4–99.1)
	0.889


Abbreviations: AIDS acquired immunodeficiency syndrome, BMD bone mineral density, BMI body mass index, BP bisphosphonate, COVID coronavirus disease, HIV human immunodeficiency virus, IQR interquartile range, MCR medication coverage ratio, TFV tenofovir
a Data are expressed as numbers and frequencies (%) or median values with IQR
b Patients who did not undergo follow-up BMD measurements were excluded from the analysis
c Fisher’s exact test was used for categorical data, and the Mann–Whitney U test was used for continuous data




Safety outcomes
Six patients (20.7%) developed hypocalcemia. Of these, five patients were classified as grade 1 and one patient was classified as grade 2. The incidence of infectious AEs was 24.1% (seven patients), including skin infections in three patients, urinary tract infections in two patients, gastrointestinal infections in one patient, and upper respiratory infections in one patient. However, none of the patients had severe infections requiring intravenous antimicrobial treatment.


Discussion
To our knowledge, this is the first study to clarify the adherence of PLWH to denosumab in a clinical setting. In this study, we obtained two main findings. First, the adherence rate to denosumab treatment among PLWH was 89.7% at 12 months but decreased substantially at 24 months. Second, the BMD of the PLWH receiving ART was improved with denosumab treatment.
In PLWH, adherence to denosumab was maintained at a high rate of 89.7% at 12 months but decreased to 60.7% by 24 months. There have been many reports of tests measuring adherence in postmenopausal osteoporosis patients, with rates of 38–100% and 22–99% at 12 and 24 months, respectively [19, 22, 27–30]. In a previous study, the adherence rates to denosumab at 12 and 24 months were 100% and 99% respectively; in comparison, our results showed lower denosumab treatment adherence than those in the aforementioned study [29]. The participants in the previous study were mostly older women, whereas those in our study were mostly younger men. In general, younger age and male sex have been identified as factors associated with lower adherence to treatment, which is consistent with the lower adherence results found in our study [28, 31]. However, persistence, defined as an 8-week tolerance range, has been reported to be between 56–84% and 40–72% at 12 and 24 months, respectively [19, 27, 28, 30–33]. In our study, persistence was maintained at high rates of 100% and 85.7% at 12 and 24 months, respectively, suggesting that persistence tended to be higher than that previously reported. In contrast to other reports, all patients in our study were receiving ART, which required them to regularly receive prescriptions for ARVs. According to a report in Japan, PLWH demonstrated higher adherence to ARVs [34], suggesting that Japanese PLWH may have a greater likelihood of maintaining regular outpatient visits. Therefore, fewer patients greatly delayed their appointments, which may have contributed to the maintenance of persistence. One study suggested that older adults who often have multiple chronic diseases and take many concomitant medications may have lower priorities for denosumab treatment for osteoporosis, leading to missed appointments [22]. In our study, because ARV prescriptions and denosumab treatment were administered at the same hospital, regular appointments were more likely to be maintained to receive ARVs even if the priority of osteoporosis therapy was low.
The results of our study showed that the non-adherence group at 24 months had a shorter medical history, shorter ART history, and a higher proportion of patients who initiated treatment after the COVID-19 pandemic. Patients with shorter medical and treatment histories may not be able to establish regular hospital visits and may delay denosumab administration. While there have been reports that younger PLWH do not adhere to clinical appointments, our results did not support the findings of a previous report [35]. This may have been attributed to the smaller number of patients and the narrower age range of participants in our study. Additionally, the relationship between the shortage of medical and ART history and non-adherence to denosumab may have been affected by the avoidance of hospital visits due to the COVID-19 pandemic. In our study, the 24-month adherence assessment period for patients who initiated denosumab treatment after 2018 overlapped with that after the pandemic, and it is possible that the avoidance of clinical visits had an effect on the decrease in treatment adherence. The Kaplan–Meier curve showed that patients who initiated denosumab treatment after the pandemic had non-adherence earlier than those who commenced treatment before the pandemic (Fig. 1). However, persistence did not appear to be affected by the COVID-19 pandemic. Because of limited numbers of events (i.e., non-adherence), only univariate analysis was possible in this study (Table 2). We consider that a multivariate analysis adjusting for variables (i.e., age, sex, and residential area [31]), potentially associated with adherence to denosumab therapy, would be necessary to further investigate the influence of the pandemic on the adherence. For example, patients living far from our hospital may have been more vulnerable to the pandemic's influence, leading to a greater decrease in the adherence. In our study, patients and healthcare providers seemed to have cooperated to minimize changes in clinical appointments. During infectious disease outbreaks, discussing methods to continue injection therapy without delay through regular visits is an important issue that can be applied to ART management with long-acting injectable agents.
This study suggested that denosumab treatment improved BMD in PLWH receiving ART. Previous studies have reported that the annual BMD increases with denosumab treatment ranging from BMDs of 3.4–5.8% for the lumbar spine and 1.4–3.7% for the femoral neck [17, 32, 33, 36–41]. The present study found similar BMD improvement rates. Additionally, this study found that a significant improvement in lumbar spine BMD was associated with lower age and use of TFV at baseline, but not with femoral neck BMD, whereas a previous study suggested that denosumab may be more effective in younger patients [42], which is supported by the results of this study. This study also found that the use of TFV at baseline was associated with improved lumbar spine BMD. A previous study on postmenopausal women with osteoporosis reported that patients with greater BMD loss at 2 years before initiating denosumab had greater BMD increases after commencing treatment [43]. This study also suggested that patients using TFV at baseline may have had a greater decline in BMD immediately before denosumab initiation, which may have led to a greater increase in BMD. The potential impact of concurrent use of TFV on BMD changes during denosumab treatment was not investigated. By contrast, our study did not find a significant association between denosumab adherence or MCR and BMD improvement. Our results might suggest that a short-term delay in denosumab administration may not affect the impact on the BMD increase; however, the MCR results in this study tended to be high overall and the range of observed values was narrow, which may have prevented an accurate understanding of the relationship with BMD change.
In this study, 39% of PLWH did not adhere to denosumab treatment when adherence was assessed at a permissible gap of 4 weeks based on 2-year evaluations. However, when durability was evaluated with an 8-week permissible gap, only 14% of the patients were non-adherent. These findings suggest that it is possible to continue denosumab treatment in Japan without significantly delaying the dosing interval. This study also found that denosumab treatment improved BMD in PLWH and that it may be a future treatment option for osteoporosis in this population. Additionally, no critical infections or low calcium levels were reported and there were no new safety concerns regarding the use of denosumab in PLWH.
This study had some limitations. First, the sample size was small, limiting the generalizability of the conclusions. It was also impossible to control for potential confounding factors or eliminate their influence on the results. To address these limitations, it is necessary to design a multicenter collaborative study with a larger sample size and obtain results through multivariate analysis that accounts for adjusted confounding factors. Additionally, the study was conducted retrospectively, which means that the intervals between baseline and follow-up BMD measurements were not consistent. To address this issue, the study calculated the annual rate of change in BMD to facilitate the evaluation of treatment effects; however, this method assumes that the increase in BMD with denosumab treatment occurs linearly over time, which may not be the case. Several studies have reported that BMD increase with denosumab treatment persists over a long period without plateauing [44, 45]. However, the initial rate of increase in BMD after denosumab was high [44]. Therefore, there is a risk of overestimating the annual rate of increase in BMD if follow-up BMD measurements are taken soon after the initiation of treatment than at a longer interval between measurements. The findings may have limited generalizability to other age groups or female populations owing to the predominance of young male individuals in the study sample. Additionally, this study only included Japanese patients; therefore, the results may not be generalizable to other countries or ethnicities.
This study highlights the issue of reduced adherence to denosumab treatment among Japanese PLWH, providing an opportunity to review and improve future strategies for denosumab treatment in this population. One study found that longer intervals between doses of denosumab resulted in smaller BMD responses [46]; therefore, it is important to minimize the gaps between the scheduled 6-monthly dosing dates. The factors that impede medication adherence are multifaceted. Therefore, a multifactorial approach is needed to address them [47]. As one key approach, healthcare providers must understand the risks of BMD reductions and fractures associated with poor adherence to denosumab treatment and educate their patients accordingly. Positive feedback from patients based on increased BMD improves adherence to denosumab treatment [48]. Additionally, a temporary switch to oral bisphosphonates may be considered an option to avoid the risks of rapid decline in BMDs in cases where rescheduling of denosumab treatments is necessary, as reported in a previous study [49].

Conclusions
We aimed to investigate denosumab adherence among Japanese PLWH in clinical practice. The results showed that patients in the study had a high rate of non-adherence when gaps of up to 4 weeks were allowed but a lower rate when gaps of up to 8 weeks were allowed. The study findings emphasized the importance of raising awareness among health care providers and thorough patient education to address non-adherence to denosumab. As this was a retrospective, exploratory study with a small sample size, further studies in larger PLWH populations are needed to identify factors affecting non-adherence to denosumab treatment.

Acknowledgements
Not applicable.

Authors’ contributions
YK, TT, and MF conceived and designed the study. YK collected and analyzed the data. YK, SF, and MF drafted the manuscript. RM, HI, HH, SF, KM, TT, and MF critically revised the manuscript. All the authors have read and approved the final version of the manuscript.

Funding
This study did not receive any specific grants from funding agencies in the public, commercial, or non-profit sectors.

Availability of data and materials
All data generated or analyzed during this study are included in this published article and its supplementary information files.

Declarations
Ethics approval and consent to participate
The study was approved by the Ethical Review Board of Sapporo Medical University (342–141). Patient consent was obtained by using the opt-out method.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.


References
	1.
Kim JH, Noh J, Kim W, Seong H, Kim JH, Lee WJ, et al. Trends of age-related non-communicable diseases in people living with HIV and comparison with uninfected controls: a nationwide population-based study in South Korea. HIV Med. 2021;22:824–33. https://​doi.​org/​10.​1111/​hiv.​13139.CrossrefPubMed

	2.
Biver E. Osteoporosis and HIV infection. Calcif Tissue Int. 2022;110:624–40. https://​doi.​org/​10.​1007/​s00223-022-00946-4.CrossrefPubMedPubMedCentral

	3.
Stone B, Dockrell D, Bowman C, McCloskey E. HIV and bone disease. Arch Biochem Biophys. 2010;503:66–77. https://​doi.​org/​10.​1016/​j.​abb.​2010.​07.​029.CrossrefPubMed

	4.
Starup-Linde J, Rosendahl SB, Storgaard M, Langdahl B. Management of osteoporosis in patients living with HIV-A systematic review and meta-analysis. J Acquir Immune Defic Syndr. 2020;83:1–8. https://​doi.​org/​10.​1097/​QAI.​0000000000002207​.CrossrefPubMed

	5.
Han WM, Wattanachanya L, Apornpong T, Jantrapakde J, Avihingsanon A, Kerr SJ, et al. Bone mineral density changes among people living with HIV who have started with TDF-containing regimen: a five-year prospective study. PLoS ONE. 2020;15:e0230368. https://​doi.​org/​10.​1371/​journal.​pone.​0230368.CrossrefPubMedPubMedCentral

	6.
McComsey GA, Lupo S, Parks D, Poggio MC, De Wet J, Kahl LP, et al. Switch from tenofovir disoproxil fumarate combination to dolutegravir with rilpivirine improves parameters of bone health. AIDS. 2018;32:477–85. https://​doi.​org/​10.​1097/​QAD.​0000000000001725​.CrossrefPubMed

	7.
Wells GA, Cranney A, Peterson J, Boucher M, Shea B, Robinson V, et al. Alendronate for the primary and secondary prevention of osteoporotic fractures in postmenopausal women. Cochrane Database Syst Rev. 2008;1:CD001155. https://​doi.​org/​10.​1002/​14651858.​CD001155.​pub2.Crossref

	8.
Cummings SR, San Martin J, McClung MR, Siris ES, Eastell R, Reid IR, et al. Denosumab for prevention of fractures in postmenopausal women with osteoporosis. N Engl J Med. 2009;361:756–65. https://​doi.​org/​10.​1056/​NEJMoa0809493.CrossrefPubMed

	9.
Mondy K, Powderly WG, Claxton SA, Yarasheski KH, Royal M, Stoneman JS, et al. Alendronate, vitamin D, and calcium for the treatment of osteopenia/osteoporosis associated with HIV infection. J Acquir Immune Defic Syndr. 2005;38:426–31. https://​doi.​org/​10.​1097/​01.​qai.​0000145352.​04440.​1e.CrossrefPubMed

	10.
Negredo E, Martínez-López E, Paredes R, Rosales J, Pérez-Alvarez N, Holgado S, et al. Reversal of HIV-1-associated osteoporosis with once-weekly alendronate. AIDS. 2005;19:343–5.PubMed

	11.
Fardellone P, Lello S, Cano A, de Sá Moreira E, Watanabe de Oliveira R, Julian GS, et al. Real-world adherence and persistence with bisphosphonate therapy in postmenopausal women: a systematic review. Clin Ther. 2019;41:1576–88. https://​doi.​org/​10.​1016/​j.​clinthera.​2019.​05.​001.CrossrefPubMed

	12.
Freemantle N, Satram-Hoang S, Tang ET, Kaur P, Macarios D, Siddhanti S, et al. Final results of the DAPS (Denosumab Adherence Preference Satisfaction) study: a 24-month, randomized, crossover comparison with alendronate in postmenopausal women. Osteoporos Int. 2012;23:317–26. https://​doi.​org/​10.​1007/​s00198-011-1780-1.CrossrefPubMed

	13.
Kendler DL, McClung MR, Freemantle N, Lillestol M, Moffett AH, Borenstein J, et al. Adherence, preference, and satisfaction of postmenopausal women taking denosumab or alendronate. Osteoporos Int. 2011;22:1725–35. https://​doi.​org/​10.​1007/​s00198-010-1378-z.CrossrefPubMed

	14.
Lyu H, Yoshida K, Zhao SS, Wei J, Zeng C, Tedeschi SK, et al. Delayed denosumab injections and fracture risk among patients with osteoporosis: A population-based cohort study. Ann Intern Med. 2020;173:516–26. https://​doi.​org/​10.​7326/​M20-0882.CrossrefPubMed

	15.
Huang CF, Shiao MS, Mao TY. Retrospective analysis of the effects of non-compliance with denosumab on changes in bone mineral density during the COVID-19 pandemic. Patient Prefer Adherence. 2021;15:1579–84. https://​doi.​org/​10.​2147/​PPA.​S316144.CrossrefPubMedPubMedCentral

	16.
Betella N, Biamonte E, Matarazzo C, Piccini S, Olivetti R, Cellini M, et al. Suboptimal medication adherence may favor the progression of vertebral fractures in women with post-menopausal osteoporosis treated with denosumab. Minerva Endocrinol. 2020;45:165–71. https://​doi.​org/​10.​23736/​S0391-1977.​20.​03137-5.CrossrefPubMed

	17.
Makras P, Petrikkos P, Anastasilakis AD, Kolynou A, Katsarou A, Tsachouridou O, et al. Denosumab versus zoledronate for the treatment of low bone mineral density in male HIV-infected patients. Bone Rep. 2021;15:101128. https://​doi.​org/​10.​1016/​j.​bonr.​2021.​101128.CrossrefPubMedPubMedCentral

	18.
Marasco E, Mussa M, Motta F, Bobbio-Pallavicini F, Maserati R, Montecucco C, et al. Denosumab for the treatment of HIV-associated osteoporosis with fractures in a premenopausal woman. Reumatismo. 2021;73:54–8. https://​doi.​org/​10.​4081/​reumatismo.​2021.​1358.CrossrefPubMed

	19.
Hadji P, Papaioannou N, Gielen E, Feudjo Tepie M, Zhang E, Frieling I, et al. Persistence, adherence, and medication-taking behavior in women with postmenopausal osteoporosis receiving denosumab in routine practice in Germany, Austria, Greece, and Belgium: 12-month results from a European non-interventional study. Osteoporos Int. 2015;26:2479–89. https://​doi.​org/​10.​1007/​s00198-015-3164-4.CrossrefPubMedPubMedCentral

	20.
Sato K, Mano T, Niimi Y, Iwata A, Toda T, Iwatsubo T. The impact of COVID-19 pandemic on the utilization of ambulatory care for patients with chronic neurological diseases in Japan: evaluation of an administrative claims database. BioSci Trends. 2021;15:219–30. https://​doi.​org/​10.​5582/​bst.​2021.​01194.CrossrefPubMed

	21.
Osawa I, Goto T, Asami Y, Itoh N, Kaga Y, Yamamoto Y, et al. Physician visits and medication prescriptions for major chronic diseases during the COVID-19 pandemic in Japan: retrospective cohort study. BMJ (Open). 2021;11:e050938. https://​doi.​org/​10.​1136/​bmjopen-2021-050938.CrossrefPubMed

	22.
Fahrleitner-Pammer A, Papaioannou N, Gielen E, Feudjo Tepie M, Toffis C, Frieling I, et al. Factors associated with high 24-month persistence with denosumab: results of a real-world, non-interventional study of women with postmenopausal osteoporosis in Germany, Austria, Greece, and Belgium. Arch Osteoporos. 2017;12:58. https://​doi.​org/​10.​1007/​s11657-017-0351-2.CrossrefPubMedPubMedCentral

	23.
Payne RB, Little AJ, Williams RB, Milner JR. Interpretation of serum calcium in patients with abnormal serum proteins. Br Med J. 1973;4:643–6. https://​doi.​org/​10.​1136/​bmj.​4.​5893.​643.CrossrefPubMedPubMedCentral

	24.
Berry SD, McLean RR, Hannan MT, Cupples LA, Kiel DP. Changes in bone mineral density may predict the risk of fracture differently in older adults according to fall history. J Am Geriatr Soc. 2014;62:2345–9. https://​doi.​org/​10.​1111/​jgs.​13127.CrossrefPubMedPubMedCentral

	25.
Bolognese MA, Teglbjærg CS, Zanchetta JR, Lippuner K, McClung MR, Brandi ML, et al. Denosumab significantly increases DXA BMD at both trabecular and cortical sites: results from the freedom study. J Clin Densitom. 2013;16:147–53. https://​doi.​org/​10.​1016/​j.​jocd.​2012.​02.​006.CrossrefPubMed

	26.
Cosman F, Kendler DL, Langdahl BL, Leder BZ, Lewiecki EM, Miyauchi A, et al. Romosozumab and antiresorptive treatment: the importance of treatment sequence. Osteoporos Int. 2022;33:1243–56. https://​doi.​org/​10.​1007/​s00198-021-06174-0.CrossrefPubMedPubMedCentral

	27.
Karlsson L, Lundkvist J, Psachoulia E, Intorcia M, Ström O. Persistence with denosumab and persistence with oral bisphosphonates for the treatment of postmenopausal osteoporosis: a retrospective, observational study, and a meta-analysis. Osteoporos Int. 2015;26:2401–11. https://​doi.​org/​10.​1007/​s00198-015-3253-4.CrossrefPubMedPubMedCentral

	28.
Hadji P, Kyvernitakis I, Kann PH, Niedhart C, Hofbauer LC, Schwarz H, et al. GRAND-4: the German retrospective analysis of long-term persistence in women with osteoporosis treated with bisphosphonates or denosumab. Osteoporos Int. 2016;27:2967–78. https://​doi.​org/​10.​1007/​s00198-016-3623-6.CrossrefPubMedPubMedCentral

	29.
Petranova T, Boyanov M, Shinkov A, Petkova R, Intorcia M, Psachoulia E. Medication-taking behaviour in Bulgarian women with postmenopausal osteoporosis treated with denosumab or monthly oral bisphosphonates. Arch Osteoporos. 2017;13:1. https://​doi.​org/​10.​1007/​s11657-017-0413-5.CrossrefPubMedPubMedCentral

	30.
Morley J, Moayyeri A, Ali L, Taylor A, Feudjo-Tepie M, Hamilton L, et al. Persistence and compliance with osteoporosis therapies among postmenopausal women in the UK clinical practice research datalink. Osteoporos Int. 2020;31:533–45. https://​doi.​org/​10.​1007/​s00198-019-05228-8.CrossrefPubMed

	31.
Pedersen AB, Risbo N, Kafatos G, Neasham D, O’Kelly J, Ehrenstein V. Utilization patterns and factors associated with persistence of new users of anti-osteoporosis treatment in Denmark: a population-based cohort study. Arch Osteoporos. 2023;18:19. https://​doi.​org/​10.​1007/​s11657-023-01210-4.CrossrefPubMedPubMedCentral

	32.
Silverman SL, Siris E, Belazi D, Recknor C, Papaioannou A, Brown JP, et al. Persistence at 24 months with denosumab among postmenopausal women with osteoporosis: results of a prospective cohort study. Arch Osteoporos. 2018;13:85. https://​doi.​org/​10.​1007/​s11657-018-0491-z.CrossrefPubMedPubMedCentral

	33.
Jeong C, Ha J, Kim J, Lim Y, Kim MK, Kwon HS, et al. The efficacy of denosumab in Korean male patients with osteoporosis. Korean J Intern Med. 2022;37:1011–20. https://​doi.​org/​10.​3904/​kjim.​2022.​064.CrossrefPubMedPubMedCentral

	34.
Sekine Y, Kawaguchi T, Kunimoto Y, Masuda J, Numata A, Hirano A, et al. Adherence to anti-retroviral therapy, decisional conflicts, and health-related quality of life among treatment-naïve individuals living with HIV: a DEARS-J observational study. J Pharm Health Care Sci. 2023;9:9. https://​doi.​org/​10.​1186/​s40780-023-00277-y.CrossrefPubMedPubMedCentral

	35.
O’Connell KA, Sherani S, Kisteneff A, Bhat K, Slater J, Klein CF, et al. Factors affecting adherence with follow-up appointments in HIV patients. Cureus. 2022;14:e29424. https://​doi.​org/​10.​7759/​cureus.​29424.CrossrefPubMedPubMedCentral

	36.
Saeki C, Saito M, Oikawa T, Nakano M, Torisu Y, Saruta M, et al. Effects of denosumab treatment in chronic liver disease patients with osteoporosis. World J Gastroenterol. 2020;26:4960–71. https://​doi.​org/​10.​3748/​wjg.​v26.​i33.​4960.CrossrefPubMedPubMedCentral

	37.
Nakatsukasa K, Koyama H, Ouchi Y, Sakaguchi K, Fujita Y, Matsuda T, et al. Effect of denosumab on bone mineral density in Japanese women with osteopenia treated with aromatase inhibitors for breast cancer: subgroup analyses of a Phase II study. Ther Clin Risk Manag. 2018;14:1213–8. https://​doi.​org/​10.​2147/​TCRM.​S167579.CrossrefPubMedPubMedCentral

	38.
Nakatsukasa K, Koyama H, Ouchi Y, Sakaguchi K, Fujita Y, Matsuda T, et al. Effect of denosumab administration on low bone mineral density (T-score −1.0 to −2.5) in postmenopausal Japanese women receiving adjuvant aromatase inhibitors for non-metastatic breast cancer. J Bone Miner Metab. 2018;36:716–22. https://​doi.​org/​10.​1007/​s00774-017-0884-x.CrossrefPubMed

	39.
Koh JM, Chung DJ, Chung YS, Kang MI1, Kim IJ, Min YK, et al. Assessment of denosumab in Korean postmenopausal women with osteoporosis: randomized double-blind placebo-controlled trial with open-label extension. Yonsei Med J. 2016;57:905–14. https://​doi.​org/​10.​3349/​ymj.​2016.​57.​4.​905.CrossrefPubMedPubMedCentral

	40.
Roux C, Hofbauer LC, Ho PR, Wark JD, Zillikens MC, Fahrleitner-Pammer A, et al. Denosumab compared with risedronate in postmenopausal women suboptimally adherent to alendronate therapy: efficacy and safety results from a randomized open-label study. Bone. 2014;58:48–54. https://​doi.​org/​10.​1016/​j.​bone.​2013.​10.​006.CrossrefPubMed

	41.
Orwoll E, Teglbjærg CS, Langdahl BL, Chapurlat R, Czerwinski E, Kendler DL, et al. A randomized, placebo-controlled study of the effects of denosumab for the treatment of men with low bone mineral density. J Clin Endocrinol Metab. 2012;97:3161–9. https://​doi.​org/​10.​1210/​jc.​2012-1569.CrossrefPubMed

	42.
Cheng BC, Chen YC. Young patients and those with a low eGFR benefitted more from denosumab therapy in femoral neck bone mineral density. Clin Rheumatol. 2017;36:929–32. https://​doi.​org/​10.​1007/​s10067-016-3447-y.CrossrefPubMed

	43.
Kamimura M, Nakamura Y, Ikegami S, Uchiyama S, Kato H, Taguchi A. Significant improvement of bone mineral density and bone turnover markers by denosumab therapy in bisphosphonate-unresponsive patients. Osteoporos Int. 2017;28:559–66. https://​doi.​org/​10.​1007/​s00198-016-3764-7.CrossrefPubMed

	44.
Papapoulos S, Lippuner K, Roux C, Lin CJF, Kendler DL, Lewiecki EM, et al. The effect of 8 or 5 years of denosumab treatment in postmenopausal women with osteoporosis: results from the FREEDOM extension study. Osteoporos Int. 2015;26:2773–83. https://​doi.​org/​10.​1007/​s00198-015-3234-7.CrossrefPubMedPubMedCentral

	45.
Bone HG, Wagman RB, Brandi ML, Brown JP, Chapurlat R, Cummings SR, et al. 10 years of denosumab treatment in postmenopausal women with osteoporosis: results from the phase 3 randomised FREEDOM Trial and open-label extension. Lancet Diabetes Endocrinol. 2017;5:513–23. https://​doi.​org/​10.​1016/​S2213-8587(17)30138-9.CrossrefPubMed

	46.
Lyu H, Zhao SS, Yoshida K, Tedeschi SK, Xu C, Nigwekar SU, et al. Delayed denosumab injections and bone mineral density response: an electronic health record-based study. J Clin Endocrinol Metab. 2020;105:1435–44. https://​doi.​org/​10.​1210/​clinem/​dgz321.CrossrefPubMedPubMedCentral

	47.
Osterberg L, Blaschke T. Adherence to medication. N Engl J Med. 2005;353:487–97. https://​doi.​org/​10.​1056/​nejmra050100.CrossrefPubMed

	48.
Ringe JD, Farahmand P. Improved real-life adherence of 6-monthly denosumab injections due to positive feedback based on rapid 6-month BMD increase and good safety profile. Rheumatol Int. 2014;34:727–32. https://​doi.​org/​10.​1007/​s00296-012-2663-2.CrossrefPubMed

	49.
Kendler D, Chines A, Clark P, Ebeling PR, McClung M, Rhee Y, et al. Bone mineral density after transitioning from denosumab to alendronate. J Clin Endocrinol Metab. 2020;105:e255–64. https://​doi.​org/​10.​1210/​clinem/​dgz095.CrossrefPubMed



Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.


OEBPS/navigation.xhtml

    
      Contents


      
        		Adherence of denosumab treatment for low bone mineral density in Japanese people living with HIV: a retrospective observational study


      


    
    
      Landmarks


      
        		Body Matter


      


    
  

OEBPS/images/40780_2023_315_Fig1_HTML.png
Proportion of patients adhering to treatment

1.0

0.6

= |nitiated treatment before the pandemic

----- Initiated treatment after the pandemic

T T T T T T
500 1000 1500 2000 2500 3000
Time (days)

Proportion of patients persisting to treatment

Initiated treatment before the pandemic
Initiated treatment after the pandemic

T T T T T T
500 1000 1500 2000 2500 3000
Time (days)





OEBPS/css/envelope.png





OEBPS/css/sidebar.gif





OEBPS/images/40780_2023_315_Fig2_HTML.png
glcm=

Lumbar spine BMD

glem?
p<0.001 ] p=0.001
0.9- R
P  —
S o8- P
m
:ﬁ:-,’ ] —
c 0.7 §
s
2
S 064 _
05 _E;
Aﬁ
04-
Baseline !

Follow-up Baseline ! Follow-up





