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Abstract

Introduction Eldecalcitol (ELD) is an active vitamin D5 analog (AVD) commonly used to treat osteoporosis in Japan.
Although routine monitoring of serum calcium levels during ELD therapy is recommended, little is known about the actual
frequency and determinants of monitoring.

Materials and methods This was a descriptive cohort study using a Japanese electronic medical records database. We iden-
tified osteoporosis patients who initiated treatment with ELD or other AVDs (alfacalcidol and calcitriol) between April 1,
2011 and September 10, 2021. The index date for cohort entry was the first prescription date of ELD or other AVDs. The
frequency of serum calcium monitoring was evaluated every 6 months. Determinants of serum calcium monitoring were
identified using multivariable logistic regression models. We also calculated the incidence of hypercalcemia and the frequency
of serum calcium monitoring within 6 months before hypercalcemia.

Results We identified 12,671 ELD users and 7867 other AVD users. Within 6 months after cohort entry, 45.9% of ELD
users and 58.7% of other AVD users underwent serum calcium monitoring. Female sex, no use of systemic corticosteroids,
moderate-to-good renal function, treatment in smaller hospitals, and treatment in orthopedic surgery departments were
associated with a lower likelihood of receiving serum calcium monitoring during ELD therapy. The incidence of hyper-
calcemia among ELD users was 6.36 per 100 person-years, with 20.6% of cases not receiving serum calcium monitoring
before hypercalcemia.

Conclusion Our findings suggest that serum calcium monitoring is not given adequate attention during ELD therapy in
routine clinical practice.
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Introduction

Eldecalcitol (ELD), an active vitamin D5 analog (AVD)
approved in Japan and China, is a commonly used medica-
tion class for the treatment of osteoporosis, possibly due to
its tolerability [1, 2]. The effect of ELD on bone mineral
density is thought to be due to its strong inhibitory effect
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Japan testinal tract [3]. Clinical trials have shown that ELD is more
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and wrist fractures [4, 5].

A common side effect of ELD therapy is hypercalce-
mia, which can increase the risk of neurological symp-
toms, gastrointestinal symptoms, and renal disorders [6, 7].
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In a post-marketing observational study, the incidence of
hypercalcemia during ELD therapy was 8.47% and 0.74%
in patients with and without renal impairment, respectively
[8]. A previous cohort study using a hospital administrative
database which investigated the long-term safety of ELD
in Japan documented that the incidence of hypercalcemia
ranged from 0.23 to 0.94 per 100 person-years [9]. In Japan,
it is recommended that serum calcium levels be monitored
every 3 to 6 months during ELD therapy [10]. However, the
Japanese regulatory authorities have reported some cases of
ELD users who developed hypercalcemia, probably due to a
lack of routine monitoring [10].

To our knowledge, the frequency of serum calcium moni-
toring during ELD therapy has yet to be studied. Addition-
ally, the factors that influence serum calcium monitoring
remain unidentified. This study aimed to investigate the
frequency and determinants of serum calcium monitoring
during ELD therapy in a real-world setting.

Materials and methods
Data source

We used longitudinal electronic medical records (EMR) data
from the RWD database, which is managed by the Health,
Clinic, and Education Information Evaluation Institute
(HCE]I, Kyoto, Japan) with assistance from Real World Data
Co., Ltd. (Kyoto, Japan). As of 2022, the RWD database
contained EMR data for approximately 23 million patients
treated at over 220 clinics and hospitals in Japan [11]. The
database contains information on demographics, inpatient
and outpatient diagnoses, medical procedures, physician
medication orders, and laboratory values, but does not con-
tain hospital identifiers. Patient-level data can be tracked
using unique, individual-level identifiers in the same medi-
cal institution. More details can be found in our previous
works [12-14].

Study population

Using the database, we identified a cohort of osteoporosis
patients aged > 40 years who initiated treatment with ELD or
other AVDs (alfacalcidol or calcitriol) between April 1, 2011
and September 10, 2021 (Supplementary Material 1). Other
AVD users were used as comparators to understand in detail
the characteristics of serum calcium monitoring in ELD
users. The index date for cohort entry was defined as the
first prescription date of ELD or other AVDs. All patients
were required to have > 1 year of continuous enrollment in
the database before cohort entry. We included patients who
continued AVD treatment for > 6 months after cohort entry,
because this study focused on describing the frequency
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of serum calcium monitoring among chronic AVD users.
We excluded patients with a history of any of the follow-
ing conditions sometimes misdiagnosed as osteoporosis:
secondary malignant neoplasm of bone and bone marrow,
osteomalacia, multiple myeloma and malignant plasma cell
neoplasms, ankylosing spondylitis, Paget’s disease of bone,
or other disorders of bone density and structure (Supplemen-
tary Material S1).

Patients were followed from cohort entry until the end
of the 3-year follow-up period, treatment discontinuation,
treatment switch between ELD and other AVDs, death, or
end of the study period (September 10, 2021), whichever
occurred first. Treatment discontinuation was defined as no
subsequent prescription during a 30-day grace period after
the end of supply for the previous prescription.

Statistical analysis

Baseline characteristics are defined in Supplementary Mate-
rial S2 and summarized by frequency and percentage [9, 15,
16]. Covariate imbalance at baseline between the ELD and
other AVD groups was examined using standardized mean
differences (SMDs), with values > 0.1 considered signifi-
cantly different [17].

The frequency of serum calcium monitoring was evalu-
ated every 6 months during the follow-up period. Mosaic
plots were used to show the proportion of serum calcium
monitoring during follow-up based on the history of mon-
itoring before cohort entry. This was because serum cal-
cium monitoring before cohort entry may imply routine
monitoring for comorbidities. In a sensitivity analysis, the
frequency of monitoring was evaluated every 3 months
instead of every 6 months. Additionally, subgroup analyses
were performed based on 1) individual factors, including
age (40-59, 60-69, 70-79, > 80 years), sex (male, female),
concomitant osteoporosis medications (with, without), con-
comitant systemic corticosteroids (with, without), history of
fracture (with, without), serum calcium monitoring before
cohort entry (with, without), and estimated glomerular fil-
tration rate (eGFR) (< 30, 30-60, > 60 mL/min/1.73 m?);
and 2) institutional factors, including hospital size (< 100,
100-299, 300—499, > 500 beds) and department (orthopedic
surgery, internal medicine, others). Missing data on eGFR
were addressed using multiple imputation by chained equa-
tions [18], with 20 imputed datasets created. The imputation
models included all variables used for subgroup stratification
and outcomes. Analyses were performed on each dataset
and final estimates were obtained by combining the results
across the datasets using Rubin’s rule [19].

We conducted two additional analyses. First, we per-
formed univariable and multivariable logistic regression
to assess the association of individual and institutional
factors with serum calcium monitoring. The multivariable
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regression models included individual and institutional
factors used for subgroup stratification. Second, we calcu-
lated the incidence of first hypercalcemia and the frequency
of serum calcium monitoring within 6 months preceding
hypercalcemia. We defined hypercalcemia as a total serum
calcium levels of > 11.0 mg/dL [9]. Because total serum cal-
cium levels might not accurately reflect ionized calcium lev-
els, we assessed two different serum calcium levels with and
without serum albumin correction (Supplementary Mate-
rial S2) [20]. In this analysis, unlike the primary analysis,
patients who discontinued AVD treatment within 6 months
after cohort entry were also included. This was because early
discontinuation (within 6 months) of AVD treatment may
often be associated with the occurrence of hypercalcemia,
which could affect the estimates.

All statistical analyses were performed using SAS version
9.4 (SAS Institute Inc., Cary, North Carolina, USA).

Ethics

This study was approved by the ethics committee of Kyoto
University Graduate School and Faculty of Medicine (No.
R3089). Individual informed consent was not required due to
the anonymous nature of the data. Consent for participation
and publication was obtained by an opt-out approach from
each medical institution.

Results
Baseline characteristics

We identified 109,153 patients who initiated ELD or other
AVDs between April 2011 and September 2021 (Fig. 1).
Of those, 12,671 ELD users and 7867 other AVD users met
the eligibility criteria. Mean age was 74.1 years (SD, 9.2)
in ELD users and 73.7 years (SD, 10.2) in other AVD users
(Table 1). The proportion of females was 84.7% in ELD
users, which was higher than the 74.8% observed in other
AVD users. Mean values of laboratory tests among ELD
users were as follows: corrected serum calcium 9.5 mg/dL
(SD, 0.7), serum albumin 3.9 g/dL (SD, 0.5), eGFR 69.2
mL/min/1.73 m? (SD, 20.7), and HbAlc 6.2% (SD, 0.9).
ELD users had higher mean values of corrected serum cal-
cium, serum albumin, and eGFR compared to other AVD
users. Of note, 44.6% of ELD users and 35.8% of other AVD
users did not have serum calcium monitoring before cohort
entry. The most common department was orthopedic surgery
(56.1% in ELD users, 27.8% in other AVD users), followed
by internal medicine (9.0% in ELD users, 16.4% in other
AVD users).

Frequency of serum calcium monitoring

During the first 6 months after cohort entry, 45.9% (5817
of 12,671) of ELD users and 58.7% (4617 of 7867) of
other AVD users underwent serum calcium monitoring
(Fig. 2). Among them, 22.0% (1282 of 5817) of ELD
users and 16.0% (737 of 4617) of other AVD users had
not undergone serum calcium monitoring within 6 months
before cohort entry. This pattern was consistent at every
subsequent 6-month interval.

Similar results were obtained in a sensitivity analysis
which analyzed monitoring frequency every 3 months
(Supplemental Material S3): ELD users had a lower fre-
quency of serum calcium monitoring than other AVD
users.

Compared with the monitoring frequency in all ELD
users (45.9%), frequency was lower for patients with the
following factors (Table 2): age 60-79 years (43.9-45.4%),
female (44.0%), concomitant use of osteoporosis medica-
tions (43.8%), no use of systemic corticosteroids (42.7%),
absence of serum calcium monitoring before cohort entry
(22.7%), eGFR > 60 mL/min/1.73 m? (43.1%), hospitals
with <500 beds (36.9-45.2%), and orthopedic surgery
department (40.2%).

Factors associated with receiving serum calcium
monitoring

Multivariable logistic regression showed that the following
factors were associated with a higher likelihood of receiv-
ing serum calcium monitoring in ELD users (Table 3):
male sex (adjusted odds ratio [aOR], 1.23; 95% confidence
interval [CI] 1.11-1.38), concomitant systemic corticos-
teroids (aOR, 1.77; 95% CI 1.56-2.00), history of serum
calcium monitoring before cohort entry (aOR, 5.81; 95%
CI 5.35-6.32), eGFR < 30 mL/min/1.73 m? (compared
to> 60 mL/min/1.73 m2, aOR, 1.47; 95% CI 1.11-1.95),
and treatment in an internal medicine department (com-
pared to an orthopedic surgery department, aOR, 2.11;
95% CI 1.82-2.45). Conversely, age 60-69 years (com-
pared to age > 80 years, aOR, 0.87; 95% C1 0.78-0.98) and
treatment in a smaller hospital (e.g. < 100 beds compared
to > 500 beds, aOR, 0.61; 95% CI 0.51-0.74) were associ-
ated with a lower likelihood of receiving monitoring.

Some differences in results were found in other AVD
users: age (e.g., age 40-59 years compared to > 80 years,
aOR, 1.27;95% CI 1.03-1.57), concomitant use of osteo-
porosis medications (aOR, 1.24; 95% CI 1.11-1.40), and
eGFR 30-60 mL/min/1.73 m? (compared to > 60 mL/
min/1.73 m?, aOR, 1.24; 95% CI 1.08-1.41) were associ-
ated with a higher likelihood of receiving serum calcium
monitoring.
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109,153 patients were prescribed AVDs
between April 1, 2011 and September 10, 2021

| 37,022 patients who did not have osteoporosis during
"| the 1 year before cohort entry were excluded

h 4

72,131 patients with osteoporosis were included

\ 4

51,593 were excluded:
26,054

23,046
1,604
741

118

discontinued AVD treatment within 6
months after cohort entry
did not have >1 years of continuous
enrolment in the RWD database before
cohort entry
aged <40 years old
had secondary malignant neoplasm of
bone and bone marrow
had osteomalacia
18 had multiple myeloma and malignant
plasma cell neoplasms

9 had ankylosing spondylitis

2 had Paget's disease of bone

1 had other disorders of bone density and
structure

20,538 were included in the study

A 4

A 4

12,671 users of ELD

7.867 users of other AVDs

Fig. 1 Flow diagram of cohort selection, AVD Active vitamin D3 analog, ELD eldecalcitol, /CD-10 International Classification of Diseases,

Tenth Revision

Incidence of hypercalcemia and frequency of serum
calcium monitoring before hypercalcemia

A total of 26,439 ELD users and 20,243 other AVD users
were included in this additional analysis (Table 4). The
incidence of first hypercalcemia, defined as an albumin-
corrected serum calcium level of >11.0 mg/dL, was 6.36
(95% CI 6.03-6.68) and 7.99 (95% CI 7.53-8.44) per 100
person-years in the ELD and other AVD users, respectively.
Of 1459 hypercalcemia cases in ELD users, 301 (20.6%) had
not undergone monitoring within 6 months before hypercal-
cemia, while in other AVD users, 139 of 1167 cases (11.9%)
had not undergone monitoring.

When hypercalcemia was redefined by uncorrected serum
calcium levels, the incidence was 1.44 (95% CI 1.29-1.59)
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and 1.64 (95% CI 1.44-1.84) per 100 person-years in ELD
and other AVD users, respectively. Of 348 hypercalcemia
cases in ELD users, 77 (22.1%) had not undergone monitor-
ing before the event, while in other AVD users, 28 of 255
cases (11.0%) had not undergone monitoring.

Discussion

This study is to our knowledge the first descriptive study
of the frequency and determinants of serum calcium moni-
toring during ELD therapy in a real-world setting. The
primary analysis revealed that only less than half of ELD
users received serum calcium monitoring during treatment,
despite the recommendation do so to minimize the risk
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Table 1 Baseline characteristics

of patients in the primary
analysis

Characteristic ELD users Other AVD users SMD
(n=12,671) (n=17867)
Age (years), mean (SD) 74.1 9.2) 73.7 (10.2) 0.034
40-59 years, n (%) 986 (7.8) 799 (10.2)
60-69 years, n (%) 2556 (20.2) 1499 (19.1)
70-79 years, n (%) 4907 (38.7) 2698 (34.3)
>80 years, n (%) 4222 (33.3) 2871 (36.5)
Female sex, n (%) 10,730 (84.7) 5882 (74.8) 0.248
Year of cohort entry, n (%) 0.317
2011-2014 3060 (24.2) 3002 (38.2)
2015-2018 6353 (50.1) 3509 (44.6)
2019-2021 3258 (25.7) 1356 17.2)
Comorbidity, n (%)
History of fracture 5572 (44.0) 2478 31.5) 0.260
Malignancy 3726 (29.4) 2995 (38.1) 0.184
Hyperthyroidism 484 (3.8) 368 4.7) 0.043
Hyperparathyroidism 178 (1.4) 325 4.1) 0.167
Dementia 249 (2.0) 228 2.9) 0.061
Parkinson’s disease 256 (2.0) 209 2.7 0.042
Diabetes 3985 (31.5) 3128 (39.8) 0.174
COPD 3085 (24.4) 2074 (26.4) 0.046
Rheumatoid arthritis 1590 (12.6) 1238 15.7) 0.092
Medication, n (%)
Bisphosphonates 4573 (36.1) 2236 (28.4) 0.165
Calcitonin 260 2.1) 73 0.9) 0.093
SERM 1198 9.5) 376 4.8) 0.183
Teriparatide 614 4.9) 274 (3.5) 0.068
Calcium 534 4.2) 745 9.5) 0.209
Denosumab 526 4.2) 352 4.5) 0.016
Vitamin K 215 1.7) 221 (2.8) 0.075
Hormone replacement therapy 70 (1.0) 27 0.3) 0.031
Systemic corticosteroids 1688 (13.3) 1885 (24.0) 0.386
Corrected serum calcium (mg/dL), mean (SD) 9.5 0.7) 9.3 (0.8) 0.323
< 11.0 mg/dL, n (%) 6880 (54.3) 4942 (62.8)
>11.0 mg/dL, n (%) 138 (1.1) 112 (1.4)
Missing, n (%) 5653 (44.6) 2813 (35.8)
Serum albumin (g/dL), mean (SD) 39 0.5) 3.8 0.6) 0.261
<4.0 g/dL, n (%) 4149 (32.7) 3676 46.7)
>4.0 g/dL, n (%) 3599 (28.4) 2105 (26.8)
Missing, n (%) 4923 (38.9) 2086 (26.5)
¢GFR (mL/min/1.73 m?), mean (SD) 69.2 (20.7) 62.9 (27.6) 0.256
<30 mL/min/1.73 m?, n (%) 240 (1.9) 839 (10.7)
30-60 mL/min/1.73 m?, n (%) 2640 (20.8) 1827 (23.2)
>60 mL/min/1.73 m%, n (%) 6346 (50.1) 3867 (49.2)
Missing, n (%) 3445 (27.2) 1334 (17.0)
HbAlc (%), mean (SD) 6.2 0.9) 6.2 (1.0) 0.017
<6.5%, n (%) 3415 (27.0) 2672 (34.0)
>6.5%, n (%) 1075 (8.5) 842 10.7)
Missing, n (%) 8181 (64.6) 4353 (55.3)
Hospital size by number of beds, n (%) 0.205
<100 beds 731 (5.8) 408 5.2)
100-299 beds 4753 (37.5) 2290 (29.1)

@ Springer



Journal of Bone and Mineral Metabolism

Table 1 (continued)

Characteristic ELD users Other AVD users SMD
(n=12,671) (n="7867)
300499 beds 4607 (36.4) 2923 (37.2)
> 500 beds 2580 (20.4) 2246 (28.6)
Department, n (%) 0.546
Orthopedic surgery 7112 (56.1) 2187 (27.8)
Internal medicine 1136 9.0) 1293 (16.4)
Others 4423 (34.9) 4387 (55.8)

AVD active vitamin D5 analog, COPD chronic obstructive pulmonary disease, eGFR estimated glomerular
filtration rate, ELD eldecalcitol; HbA 1c hemoglobin Alc, SD standard deviation, SERM selective estrogen
receptor modulator, SMD standardized mean difference

of hypercalcemia. Frequency among ELD users was less
than that in other AVD users. A lower likelihood of receiv-
ing monitoring during ELD treatment was associated with
female sex, no use of systemic corticosteroids, moderate-
to-good renal function, treatment in a smaller hospital, and
treatment in an orthopedic surgery department. The findings
also indicated that ELD users were less likely to undergo
serum calcium monitoring 6 months prior to developing
hypercalcemia than other AVD users.

The importance of routine monitoring of serum calcium
levels in patients treated with AVDs has been well docu-
mented [21, 22]. Consistent with a previous warning by Jap-
anese regulatory authorities [10], our study confirmed that
the current monitoring practices often do not adhere to these
monitoring guidelines. More than half of ELD users did not
receive routine serum calcium monitoring, with monitoring
frequency being lower than that in other AVD users. Addi-
tionally, approximately 70-80% of ELD users with routine
monitoring during the follow-up period had already received
monitoring prior to cohort entry. These results suggest that
sufficient attention is not paid to serum calcium monitor-
ing at the initiation of ELD therapy. Of note, however, that
the proportion of patients who did not receive monitoring
prior to cohort entry but did receive it after cohort entry
was higher in ELD users (22.0%) than in other AVD users
(16.0%). This finding suggests that physicians may be more
aware of the importance of routine monitoring during ELD
treatment than during other AVD treatment.

With regard to the determinants of serum calcium moni-
toring during ELD therapy, we found that male sex, con-
comitant systemic corticosteroids, reduced renal function
(eGFR < 30 mL/min/1.73 mz), larger hospitals, and internal
medicine departments were associated with a higher likeli-
hood of monitoring. A previous study suggested that females
are more likely to self-discontinue anti-osteoporosis medica-
tions than males [23]. We therefore speculate that women
may have had lower adherence to scheduled medical visits
for osteoporosis and relatively less monitoring than men. It
is reasonable that corticosteroid use was associated with a
higher likelihood of receiving serum calcium monitoring
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because it affects bone and calcium metabolism [24].
Regarding renal function, it is not surprising that a more
severe disease prompts more frequent monitoring. Interest-
ingly, AVD users—even those with an eGFR between 30 and
60 mL/min/1.73 m*>—underwent serum calcium monitoring
more frequently than those with an eGFR > 60 mL/min/1.73
m?, whereas the frequency of monitoring among ELD users
was not significantly different across the two eGFR groups.
Given that hypercalcemia is a well-known risk factor for
AKI with AVDs [6, 21], more attention should be paid to
routine monitoring during ELD treatment to prevent AKI,
even for those with mild renal impairment. It is possible that
larger hospitals and internal medicine departments would
demonstrate a higher likelihood of monitoring, as physicians
affiliated with them are likely to be more aware of hypercal-
cemia risks.

Our calculated incidences of hypercalcemia per 100
person-years were higher than those reported in a previous
Japanese study using real-world data, whether serum albu-
min levels were corrected or not (incidence of hypercalce-
mia without serum albumin correction in the previous study:
ELD group, 0.23; other AVD group, 0.25) [9]. The incidence
of hypercalcemia may have been underestimated in the pre-
vious study given that serum calcium levels were less likely
to have been measured in that study than in the present study;
the proportion of ELD users without baseline measurement
was 57.9% in the previous study and 44.6% in this study [9].
In addition, our results using an EMR database from more
than 200 clinics and hospitals are likely to be more gener-
alizable than those of the previous study, which was based
on laboratory data from only 39 of 415 acute care hospitals
in the database [9, 11]. Among ELD users, 20.6-22.1% of
hypercalcemia cases had not undergone monitoring before
hypercalcemia, which was higher than that reported by
Japanese regulatory authorities (1.0-3.8%) [10]. Of note,
monitoring before hypercalcemia was less frequent in ELD
users than in other AVD users. These findings suggest that
some cases of hypercalcemia could have been more effec-
tively managed by routine monitoring, particularly among
ELD users, given that serum calcium monitoring plays an
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Table 2 Proportion of patients

” Characteristic ELD users Other AVD users
who .unc.lerwel.lt serum calcium (n=12,671) (n=7867)
monitoring within 6 months
after cohort entry in subgroups n (%) OR (95% CI) n (%) OR (95% CI)
All patients 5817/12,671 (45.9) 4617/7867 (58.7)
Age group
40-59 years 499/986 (50.6) 1.17 (1.02-1.35) 552/799 (69.1) 1.86 (1.57-2.20)
60-69 years 1122/2556  (43.9) 0.90(0.81-0.99) 894/1499  (59.6) 1.23 (1.08-1.39)
70-79 years 2227/4907  (45.4) 0.95(0.88-1.03) 1603/2698 (59.4) 1.22 (1.09-1.35)
>80 years 1969/4222 (46.6) Reference 1568/2871 (54.6) Reference
Sex
Male 1094/1941  (56.4) 1.64 (1.49-1.81) 1453/1985 (73.2) 2.35(2.10-2.62)
Female 4723/10,730 (44.0) Reference 3164/5882 (53.8) Reference

Concomitant osteoporosis medications

Yes 3064/6991  (43.8) 0.83(0.77-0.89) 2113/3692 (57.2) 0.89 (0.82-0.98)

No 2753/5680  (48.5) Reference 2504/4175 (60.0) Reference
Concomitant systemic corticosteroids

Yes 1130/1688  (66.9) 2.72(2.44-3.03) 1321/1885 (70.1) 1.91 (1.71-2.13)

No 4687/10,983 (42.7) Reference 3296/5982 (55.1) Reference
History of fracture

Yes 2529/5572  (45.4) 0.96 (0.90-1.03) 1388/2478 (56.0) 0.85 (0.77-0.94)

No 3288/7099 (46.3) Reference 3229/5389 (59.9) Reference

Serum calcium monitoring before cohort entry

Yes 4535/7018  (64.6) 6.23 (5.75-6.74) 3880/5054 (76.8) 9.31 (8.37-10.4)

No 1282/5653 (22.7) Reference 737/2813 (26.2) Reference
eGFR

<30 mL/min/1.73 m? 159/241 (66.0) 1.51(1.18-1.94) 798/853 (93.6) 7.24 (5.72-9.17)

30-60 mL/min/1.73 m> 1515/2822  (53.7) 1.09 (0.99-1.19) 1249/2056 (60.8) 1.15 (1.03-1.29)

>60 mL/min/1.73 m? 4143/9608  (43.1) Reference 2570/4958 (51.8) Reference

Hospital size by number of beds

<100 beds 270/731 (36.9) 0.37 (0.32-0.44) 225/408 (55.2) 0.34(0.27-0.42)
100-299 beds 1891/4753  (39.8) 0.42(0.38-0.46) 1076/2290 (47.0) 0.37 (0.33-0.42)
300-499 beds 2080/4607  (45.2) 0.52(0.48-0.58) 1771/2923 (60.6) 0.64 (0.57-0.72)
>500 beds 1576/2580  (61.1) Reference 1587/2246  (70.7) Reference
Department
Orthopedic surgery 2862/7112  (40.2) Reference 962/2187  (44.0) Reference
Internal medicine 682/1136 (60.0) 2.23(1.96-2.54) 816/1293  (63.1) 2.18(1.89-2.51)
Others 2273/4423  (51.4) 1.57 (1.46-1.69) 2839/4387 (64.7) 2.34(2.10-2.59)

AVD active vitamin D5 analog, CI confidence interval, eGFR estimated glomerular filtration rate, ELD

eldecalcitol, OR odds ratio

important role in the early detection of hypercalcemia, which
is often asymptomatic [7]. Future interventions aimed at
improving adherence to monitoring guidelines are needed
for the safe use of ELD, together with identifying factors
which influence the occurrence of hypercalcemia other than
monitoring practices, such as renal impairment [7].

This study has several limitations. First, no informa-
tion about the purpose of serum calcium monitoring
was available in our database and some of the monitor-
ing observed may have been included in routine labora-
tory testing for comorbidities rather than for specific

@ Springer

monitoring the management of hypercalcemia induced by
ELD. To describe the frequency of monitoring specifically
for ELD therapy, we evaluated the frequency of serum cal-
cium monitoring stratified by whether it had ever been per-
formed before cohort entry. Second, the generalizability
of the results is limited, because the RWD database does
not evenly cover medical institutions across Japan and may
not be fully representative. In this study, only a small per-
centage of ELD and other AVD users received treatment
at clinics or small hospitals (fewer than 100 beds).
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Table 3 Multivariable logistic

. Characteristic aOR (95% CI)*

regression analyses of the

association between patient ELD users Other AVD users

characteristics and presence (n=12,671) (n="17867)

of serum calcium monitoring

within 6 months after cohort Age

entry 40-59 years 0.90 (0.77-1.06) 1.27 (1.03-1.57)
60-69 years 0.87 (0.78-0.98) 1.03 (0.88-1.21)
70-79 years 0.95 (0.86-1.04) 1.12 (0.99-1.28)
>80 years Reference Reference

Sex

Male 1.23 (1.11-1.38) 1.54 (1.35-1.77)
Female Reference Reference

Concomitant osteoporosis medications
Yes
No
Concomitant systemic corticosteroids
Yes
No
History of fracture
Yes
No
Serum calcium monitoring before cohort entry
Yes
No
eGFR
<30 mL/min/1.73 m?
30-60 mL/min/1.73 m>
>60 mL/min/1.73 m?
Hospital size by number of beds
<100 beds
100-299 beds
300-499 beds
> 500 beds
Department
Orthopedic surgery
Internal medicine
Others

0.96 (0.88-1.04)
Reference

1.77 (1.56-2.00)
Reference

0.93 (0.85-1.01)
Reference

5.81(5.35-6.32)
Reference

1.47 (1.11-1.95)
1.08 (0.98-1.20)
Reference

0.61 (0.51-0.74)
0.66 (0.59-0.74)
0.66 (0.59-0.73)
Reference

Reference
2.11(1.82-2.45)
1.41 (1.30-1.55)

1.24 (1.11-1.40)
Reference

1.19 (1.03-1.36)
Reference

1.00 (0.88-1.13)
Reference

7.74 (6.91-8.66)
Reference

5.09 (3.91-6.63)
1.24 (1.08-1.41)
Reference

0.48 (0.37-0.63)
0.49 (0.42-0.57)
0.68 (0.59-0.78)
Reference

Reference
2.20 (1.84-2.63)
1.80 (1.57-2.07)

aOR adjusted odds ratio, AVD active vitamin D5 analog, CI confidence interval, eGFR estimated glomeru-

lar filtration rate, ELD eldecalcitol

?Adjusted for age, sex, hospital size by number of beds, department, concomitant osteoporosis medications,
concomitant systemic corticosteroids, history of fracture, presence of serum calcium monitoring before

cohort entry, and eGFR

In conclusion, our descriptive study suggests a lack of  undergoing ELD therapy for osteoporosis, and will con-
attention to monitoring serum calcium levels during ELD  tribute to the optimization of monitoring strategies and
therapy in routine care. Our findings highlight the real-  informing of healthcare professionals on factors that influ-

world practice of serum calcium monitoring in patients  ence adherence to monitoring guidelines.

@ Springer
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Table 4 Incidence rate of hypercalcemia and proportion of patients who did not undergo serum calcium monitoring within 6 months before

hypercalcemia

No. of hypercalcemia

Incidence per

No. of the cases without serum cal-

cases 100 person-years (95% CI) cium monitoring before hypercalcemia
(%"
Hypercalcemia, corrected by serum albumin level
ELD users (n=26,439) 1459 6.36 (6.03-6.68) 301/1459 (20.6)
Other AVD users (n=20,243) 1167 7.99 (7.53-8.44) 139/1167 (11.9)
Hypercalcemia, uncorrected total serum calcium level
ELD users (n=26,439) 348 1.44 (1.29-1.59) 77/348 (22.1)
Other AVD users (n=20,243) 255 1.64 (1.44-1.84) 28/255 (11.0)

AVD active vitamin D5 analog, CI confidence interval, ELD eldecalcitol

aSerum calcium monitoring within 6 months before hypercalcemia was investigated. Hypercalcemia was defined as a serum calcium level

of >11.0 mg/dL
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