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Abstract
Introduction We aimed to compare the efficacy after switching from either bisphosphonates (BPs) or non-BPs (NBPs) to 
combination therapies of denosumab (DMAb) or zoledronic acid (Zol) with eldecalcitol (ELD) in bone mineral density 
(BMD) and bone metabolism and investigate the prognostic and risk factors of side effects of this therapy.
Materials and methods One-hundred forty-eight patients with postmenopausal osteoporosis were recruited; their therapy 
was switched from BPs or NBPs to Zol or DMAb plus ELD (BP-Zol: 43, NBP-Zol: 32, BP-DMAb: 35, and NBP-DMAb: 
38). Longitudinal changes in bone metabolic markers (P1NP and TRACP-5b) and BMD were evaluated.
Results In the BP-Zol group, P1NP did not change after 6 months and increased by 38.9% after 12 months. TRACP-5b 
decreased 15.8% after 6 months, but came back to baseline values 12 months after administration. In the rest of the groups, 
the bone metabolic markers remained suppressed after 6 and 12 months. Compared with baseline, all groups showed increase 
in BMD after 6 and 12 months. Bone metabolic markers at baseline were correlated with %change in lumbar spine BMD 
from baseline to 12 months. P1NP and 25-hydroxy vitamin D levels at baseline were identified as potential predictors of 
development of acute-phase reactions.
Conclusions The combination therapy of Zol or DMAb and ELD may increase BMD at 12 months after the first admin-
istration in Japanese patients with postmenopausal osteoporosis, regardless of BPs pretreatment. Bone metabolic markers 
at baseline may be useful predictors for reaction to the therapy and side effects caused by these combination therapies in 
postmenopausal osteoporosis.

Keywords Postmenopausal osteoporosis · Eldecalcitol · Denosumab · Zoledronic acid · Bone metabolic marker

Introduction

Osteoporosis is a chronic, progressive condition that requires 
long-term management. An estimated 9 million new osteo-
porosis-related fractures were reported worldwide in the year 
2000 [1]. It is reported that 75 million people in the United 
States, Europe, and Japan are affected by osteoporosis [2]. 
Oral bisphosphonates (BPs) are commonly prescribed for 

osteoporosis [3]; however, inconvenient dosing regimens and 
side effects can cause low adherence [4], leading to reduced 
antifracture efficacy [5, 6] and increased health care costs 
[7]. Therefore, extended dosing intervals could improve 
adherence and establish drug effects [8, 9]. Additionally, 
due to the COVID-19 pandemic, which caused an unusual 
cluster of viral pneumonia cases in China that spread glob-
ally [10, 11], the demand for long-term anti-osteoporosis 
therapy may increase.

Two injectable antiresorptive agents, denosumab (DMAb) 
and zoledronic acid (Zol), have been increasingly used for 
the treatment of osteoporosis. DMAb is injected subcuta-
neously (60 mg) every 6 months, and Zol is administered 
intravenously (5 mg) once every 12 months. DMAb, an 
anti-bone resorptive drug, is a human monoclonal antibody 
that targets the osteoclast differentiation factor/receptor acti-
vator of the NF-kB ligand (RANKL) [12]. Several studies 
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have shown that it causes a greater increase in bone mineral 
density (BMD) and reduction in bone resorption than BPs 
[13–15]. Zol is a BP that contains an imidazole ring as a side 
chain, and is the most potent of all the clinically available 
BPs [16, 17]. In Japan, DMAb and Zol were approved for 
the treatment of osteoporosis in 2013 and 2016, respectively. 
Although both drugs have been confirmed for the treatment 
of osteoporosis in Japanese patients [18–21], there is a lack 
of clinical evidence regarding a comparison of the efficacy 
of DMAb and Zol among Japanese patients.

Despite the demonstrated efficacy, several serious adverse 
effects of DMAb have been reported, including hypocal-
cemia [22, 23] in 2–20% of women with postmenopausal 
osteoporosis [24, 25]. To prevent hypocalcemia, short-term 
Ca and vitamin D supplements are usually required. Alter-
natively, Zol, like other BPs, causes acute-phase reactions 
(APRs), such as pyrexia and myalgia; mostly resolved within 
3 days after its infusion [26]. Various risk and protective fac-
tors, including race, age, 25-hydroxy vitamin D (25(OH)D) 
levels, and prior BP use leading to the development of APRs 
have been identified in previous studies [27]. Although a 
recent study showed that the use of loxoprofen and prior 
use of BPs in Japanese patients with primary osteoporosis 
treated with Zol were protective against APRs [28], there is 
limited information regarding the association of APRs and 
use of Zol among Japanese patients.

The primary aim of this study was to compare the effi-
cacy after switching from either non-BPs (NBPs) or BPs to 
the combination therapies of DMAb or Zol and eldecalci-
tol (ELD) with respect to change in bone mineral density 
(BMD) and bone metabolism. ELD has a longer half-life, 
a lower clearance rate, and increased vitamin D receptor-
mediated effects than alfacalcidol [29] among Japanese 
patients with postmenopausal osteoporosis in a real-world 
clinical setting. The secondary aim was to investigate the 
prognostic and risk factors of side effects for patients who 
switched to DMAb or Zol and ELD.

Materials and methods

Study design and subjects

This retrospective study was conducted in accordance with 
the ethical standards of the Declaration of Helsinki and 
approved by the Hokkaido University Hospital Institutional 
Review Board (#020-0188). Total 115 patients with post-
menopausal osteoporosis and high risk of fractures who 
were treated using DMAb (60 mg, subcutaneously every 
6 months) in combination with daily oral ELD (0.75 μg) 
(Edirol; Chugai Pharmaceutical, Tokyo, Japan) from January 
2014 to December 2016 and 91 patients who were treated 
Zol (5 mg, intravenous drip infusion) in combination with 

ELD from January 2017 to December 2018 by our clini-
cal team were included (Fig. 1). High risk of fracture was 
defined as BMD T score < − 2.5 of standard deviation (SD) 
and one or more fragility fractures, lumbar BMD T score < 
− 3.3 of SD [30, 31], two or more fragility fractures [30, 
32], or semi-quantitative evaluation [33] of existing grade 
3 vertebral fracture [32]. The criteria for switching were 
the lack of increase in BMD despite these treatments. The 
length of time from the last dose of the previous treatment 
to the new treatment was one month. Exclusion criteria of 
this study were (1) switching from selective estrogen recep-
tor modulator and teriparatide; (2) < 50 years old; (3) male; 
(4) severe chronic kidney disease (stage 4 and 5); (5) thyroid 
disease and (6) abnormal serum levels of albumin-corrected 
Ca (less than 8.3 or more than 10.3 mg/dL) at baseline. A 
total of 148 patients were enrolled in this study.

The following baseline clinical information was obtained: 
blood samples for the levels of albumin-corrected Ca, bone 
metabolic markers, 25(OH)D level, intact parathyroid hor-
mone (PTH), and liver and renal function. BMD was evalu-
ated using dual-energy X-ray absorptiometry (DXA), and 
X-rays of whole spine and full length of lower limbs were 
obtained for the evaluation of previous fragility fractures and 
risk factors of atypical femoral fractures. The levels of serum 
Ca, total type I procollagen N-propeptide (P1NP), and tar-
trate-resistant acid phosphatase 5b (TRACP-5b) were moni-
tored every 6 months. Monitoring of serum Ca and inflam-
matory reactions was started at 1 or 2 weeks after DMAb 
and Zol administration to evaluate changes in Ca level and 
to assess APRs (Fig. 2). The APRs defined in this study 
were pyrexia, myalgia or arthralgia, headache, malaise, and 
others with onset within 3 days after Zol administration, as 
described in a previous study [30].

BMD assessment

Areal BMD of the lumbar spine (LS; L2–L4), femoral neck 
(FN), and total proximal femur (TPF) were assessed at 

Fig. 1  Study design
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baseline, 6 months, and 12 months after treatment, using 
DXA Bone Densitometer (Discovery A, Hologic Inc., Mas-
sachusetts, USA). Regions of severe scoliosis, previous ver-
tebral fracture, and postoperative sites were excluded from 
BMD measurements; at least two of the L2–L4 lumbar ver-
tebrae were evaluated for BMD [31]. Subjects were excluded 
from BMD assessment if the area was fractured or operated 
on during the study.

Statistical analysis

Statistical comparisons among the groups were performed 
using the χ2 test, unpaired t-test or a two-way analysis of 
variance, and Tukey test. Linear regression models adjusted 
for age, body mass index (BMI), pretreatment with BPs and 
active vitamin D, 25(OH)D levels, and treatment were estab-
lished to determine the associations between bone metabolic 
markers at baseline and %change of BMD from baseline 
to 12 months. Multivariate logistic regression analysis, 
adjusted for age, prior treatment with active vitamin D3, 
BP use, and acetaminophen, were conducted to determine 
the factors affecting the development of APRs. All statistical 
analyses were performed using Statistical Package for the 
Social Sciences (SPSS Statistics version 23.0) (IBM Cor-
poration, Armonk, NY, USA), with the significance level 
set at 0.05.

Results

Clinical characteristics

Table 1 shows the baseline characteristics of the patients. 
The number of patients who switched from BPs to Zol (BP-
Zol), NBPs to Zol (NBP-Zol), BPs to DMAb (BP-DMAb), 
and NBPs to DMAb (NBP-DMAb) were 43, 32, 35, and 
38, respectively. The mean age of patients in the BP-Zol 
group was significantly higher than that in the NBP-DMAb 
group (P = 0.010). The mean duration of pretreatment in 
BP-DMAb group was significantly higher than that in the 

BP-Zol group (P = 0.034). Total 32 patients in the BP-Zol 
group, 16 patients in the NBP-Zol group, 23 patients in the 
BP-DMAb group, and 10 patients in the NBP-DMAb group 
used active vitamin D3 before the administration of ELD. 
Four patients in the BP-Zol group, three patients in the NBP-
Zol group, three patients in the BP-DMAb group, and two 
patients in the NBP-DMAb group received oral Ca before 
being administered ELD. There were no patients with thy-
roid or parathyroid abnormalities. The number of patients 
who experienced fragility fractures was 32, 17, 23, and 21 in 
the BP-Zol, NBP-Zol, and BP-DMAb groups, respectively. 
The BP-Zol and BP-DMAb groups exhibited significantly 
lower P1NP and TRACP-5b levels than the NBP-Zol and 
NBP-DMAb groups (P < 0.001). There were no differences 
in BMI, Ca levels, 25(OH)D levels, and %YAM, and BMD 
at baseline between each group. Notably, during treatment, 
one patient each in the BP-Zol and NBP-DMAb groups, and 
two patients in the BP-DMAb group experienced fractures.

Longitudinal changes in Ca, P1NP, and TRACP‑5b 
levels

The decrease in serum Ca levels from baseline to 1 or 
2 weeks in the NBP groups was significantly higher than 
that in the BP groups (P = 0.004). There were no signifi-
cant differences in Ca levels between the DMAb and Zol 
groups, and no significant interaction was detected between 
the treatment and pretreatment groups. Although six patients 
experienced hypocalcemia (Ca level < 8.4) and one patient 
experienced hypercalcemia (Ca level > 10.3), none experi-
enced serious side effects related to hypercalcemia (short 
QT syndrome and renal diabetes insipidus) and hypocalce-
mia (tonic convulsions and tetany). P1NP and TRACP-5b 
levels at baseline were associated with decreased serum Ca 
levels from baseline to 1 or 2 weeks (P1NP: P = 0.003 and 
TRACP-5b: P = 0.037) (Fig. 3). In the BP-Zol group, P1NP 
did not change after 6 months and increased by 38.9% after 
12 months. TRACP-5b decreased 15.8% after 6 months, but 
came back to baseline values 12 months after administra-
tion. In the rest of the groups, the bone metabolic markers 

Fig. 2  Clinical protocol
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remained suppressed after 6 and 12 months (Fig. 4). Patients 
in the DMAb groups showed significant suppression of 
P1NP level at 12 months (P < 0.001) and TRACP-5b level 
at 6 and 12 months (P = 0.046 and P = 0.003, respectively) 
compared with those in the Zol groups. The NBP groups 
showed decreased P1NP and TRACP-5b levels at 6 and 
12 months compared with the BP groups (P < 0.001).

Longitudinal changes in BMD

At 6 months after the administration of DMAb or Zol, 
all the groups showed approximately 2.5–4.3% increase 
in lumbar spine and femoral neck BMDs compared with 
the baseline (Fig. 5). All groups showed approximately 
1.2–2.7% increase in total proximal femoral BMDs 

compared with the baseline. At 12 months, the DMAb 
groups exhibited a bigger increase in lumbar spine and 
total proximal femoral BMDs, albeit not significantly, 
compared with the Zol groups. There were no significant 
differences in the increase in BMDs at 12 months, between 
the BP and NBP groups. Total P1NP and TRACP-5b lev-
els at baseline were associated with %change in lumbar 
spine BMD from baseline to 12 months (total P1NP in Zol 
group: β = 0.339, P = 0.024 and DMAb group: β = 0.564, 
P < 0.001) and TRACP-5b (Zol group: β = 0.311, P = 0.036 
and DMAb group: β = 0.425, P = 0.004) (Fig. 6). However, 
bone metabolic markers were not associated with %change 
in the femoral neck and total proximal femur BMDs from 
baseline to 12 months.

Table 1  Clinical characteristics 
at baseline

Mean (standard error of the mean)
BPs bisphosphonates, NBPs non-bisphosphonates, BMI body mass index, Cr creatinine, eGFR estimated 
glomerular filtration rate, P1NP total type 1 procollagen-N-propeptide, TRACP-5b tartrate-resistant acid 
phosphatase 5b, 25(OH)D 25-hydroxyl vitamin D, PTH parathyroid hormone, YAM young adult mean, FN 
femoral neck, TPF total proximal femur
*P < 0.05 vs. zoledronic acid group; †P < 0.05 vs. BPs group

Variable Zoledronic acid Denosumab

BPs NBPs BPs NBPs

Number 43 32 35 38
Age (years) 77.6 (1.0) 76.6 (1.7) 74.4 (1.5) 71.8 (1.4)*

BMI (kg/m2) 22.9 (0.5) 21.8 (0.6) 22.2 (0.6) 22.7 (0.5)
Duration of pretreatment (months) 28.5 (4.0) NA 43.8 (5.9)* NA
Prior active vitamin D3 use 32 patients 16 patients 23 patients 10 patients
Prior oral Ca intake 4 patients 3 patients 3 patients 2 patients
History of fragility fracture 32 patients 17 patients 23 patients 21 patients
Ca (mg/dL) 9.39 (0.06) 9.31 (0.06) 9.58 (0.07) 9.47 (0.06)
eGFR (mL/min/1.73  mm2) 63.7 (2.3) 65.1 (2.3) 69.2 (3.2) 73.4 (2.3)*

P1NP (ng/mL) 28.4 (3.4) 56.5 (7.7)† 21.6 (2.0) 56.3 (5.4)†

TRACP-5b (mU/dL) 307.1 (24.5) 411.1 (35.0)† 279.5 (20.2) 451.0 (27.2)†

25(OH)D (ng/mL) 14.7 (0.8) 14.1 (1.3) 17.0 (1.2) 17.7 (1.0)
Intact PTH (pg/mL) 35.0 (3.3) 38.6 (5.7) 36.8 (2.4) 37.1 (1.1)
% YAM lumbar (%) 70.9 (1.5) 69.7 (2.1) 71.7 (2.1) 68.5 (2.1)
% YAM FN (%) 64.2 (1.6) 64.3 (1.8) 62.2 (1.6) 61.8 (1.6)
%YAM TPF (%) 70.5 (1.8) 70.2 (2.0) 65.9 (1.9) 68.0 (1.7)

Fig. 3  Correlation between the 
changes in Ca from baseline to 
1–2 weeks after administration, 
and total type 1 procollagen-
N-propeptide and tartrate-resist-
ant acid phosphatase 5b, P1NP: 
total type 1 procollagen-N-pro-
peptide, TRACP-5b: tartrate-
resistant acid phosphatase 5b
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Side effects and APRs

During the observational period, there were no cases 
of necrosis of the jaw and atypical femoral fracture. 
Patients in the DMAb group did not have side effects, 
such as hypocalcemia or hypercalcemia, which required 
treatment. However, 17 of 75 patients treated using Zol 
experienced APRs. Although patients in the DMAb 
groups continued treatment for over 12 months, 8 of 73 
patients in the Zol groups discontinued the treatment after 
12 months due to side effects (including APRs) and drug 
eruption involving skin redness and wheal formation. 
Comparisons of the clinical characteristics at baseline are 
summarized in Table 2. Patients with APRs were younger 
than those without APRs (P < 0.001). Although the ratio 

of prior BP use was lower in patients with APRs com-
pared to those without APRs, there were no significant 
differences in the ratio of prior use of active vitamin D 
and acetaminophen between patients with and without 
APRs. The mean P1NP level of patients with APRs at 
baseline was higher than that of patients without APRs 
(P = 0.002). The mean 25(OH)D level in patients with 
APRs at baseline was lower than that in patients without 
APRs (P = 0.019). Patients with APRs exhibited higher 
Ca depletion from baseline to 1–2 weeks compared to 
those without APRs (P = 0.030). Patients with APRs 
exhibited a larger increase in lumbar spine BMD from 
baseline to 12 months compared to those without APRs.

In the univariate analysis, age, prior BP use, P1NP level, 
and 25(OH)D level at baseline were identified as potential 

Fig. 4  Comparison of changes 
in A serum P1NP levels and B 
serum TRACP-5b levels at 6 
and 12 months post-administra-
tion. Data show mean ± SEM, 
Zol: zoledronate acid, DMAb: 
denosumab, BPs: bisphospho-
nates, non-BPs: non-bispho-
sphonates, P1NP: total type 
1 procollagen-N-propeptide, 
TRACP-5b: tartrate-resistant 
acid phosphatase 5b

Fig. 5  Longitudinal changes in % change in bone mineral densities of lumbar, femoral neck, and total proximal femur. Data show mean ± SEM
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predictors for the development of APRs (Table 3). Further-
more, the P1NP and 25(OH)D levels at baseline were iden-
tified as potential predictors of the development of APRs 

Fig. 6  Correlation between 
the changes in bone metabolic 
markers a total type 1 procolla-
gen-N-propeptide and b tartrate-
resistant acid phosphatase 
5b and lumbar bone mineral 
density. Linear regression 
models adjusted for age, bone 
mineral density, pretreatment 
with bisphosphonate and active 
vitamin D, 25-dihydroxyvitamin 
D levels, % young adult mean at 
baseline, and treatment

Table 2  Comparisons of clinical characteristics between patients with 
and without acute-phase reaction

Mean (standard error of the mean)
APR acute-phase reaction, BMI body mass index, Cr creatinine, 
eGFR estimated glomerular filtration rate, P1NP total type 1 procol-
lagen-N-propeptide, TRACP-5b tartrate-resistant acid phosphatase 5b, 
25(OH)D 25-hydroxyl vitamin D, PTH parathyroid hormone, BMD 
bone mineral density, FN femoral neck, TPF total proximal femur
*Patients took 200 mg tablets three times a day after every meal

Variable APRs ( +) APRs (−) P value

Number 17 58
Age (years) 70.8 (2.3) 79.8 (1.0)  < 0.001
BMI (kg/m2) 21.6 (0.8) 22.7 (0.5) 0.273
Prior active vitamin D3 use 10 patients 43 patients 0.223
Prior bisphosphonate use 5 patients 38 patients 0.017
Acetaminophen* use 10 patients 24 patients 0.204
Ca (mg/dL) 9.37 (0.13) 9.35 (0.05) 0.885
eGFR (mL/min/1.73  mm2) 67.2 (4.4) 63.5 (1.7) 0.357
P1NP (ng/mL) 65.0 (15.1) 33.1 (2.9) 0.002
TRACP-5b (mU/dL) 390.0 (51.6) 337.1 (22.8) 0.324
25(OH)D (ng/mL) 10.7 (1.2) 14.8 (0.9) 0.019
Intact PTH, (pg/mL) 45.6 (9.5) 33.0 (3.0) 0.112
Change in Ca levels (mg/dL) − 0.45 (0.09) − 0.18 (0.06) 0.030
% change in lumbar BMD 

(%)
6.96 (1.95) 3.57 (0.71) 0.045

% change in FN BMD (%) 3.88 (1.51) 3.63 (1.41) 0.925
% change in TPF BMD TPF 

(%)
2.52 (0.63) 2.25 (1.01) 0.886

Table 3  Univariate and multivariate logistic regression analyses of 
factors affecting development of acute-phase reactions

Mean (standard error of the mean)
APR acute-phase reaction, P1NP total type 1 procollagen-N-pro-
peptide, TRACP-5b tartrate-resistant acid phosphatase 5b, 25(OH)D 
25-hydroxyl vitamin D, PTH parathyroid hormone, YAM young adult 
mean, FN femoral neck, TPF total proximal femur
*Patients took 200  mg tablets three times a day after every meal; 
#Adjusted by age, prior active vitamin D3, bisphosphonate use, and 
acetaminophen use

Factor Odds ratio 95% confi-
dence interval

P value

Univariate analysis
 Age (years) 0.875 0.810 0.945 0.001
 Prior active vitamin D3 use 0.498 0.161 1.544 0.227
 Prior bisphosphonate use 0.254 0.079 0.082 0.022
 Acetaminophen* use 2.024 0.675 6.069 0.208
 P1NP (ng/mL) 1.027 1.005 1.048 0.014
 TRACP-5b (mU/dL) 1.001 0.999 1.004 0.325
 25(OH)D (ng/mL) 0.874 0.776 0.984 0.026
 Intact PTH (pg/mL) 0.984 0.960 1.005 0.148

Multivariate  analysis#

 P1NP (ng/mL) 1.039 1.005 1.074 0.025
 TRACP-5b (mU/dL) 1.001 0.997 1.005 0.640
 25(OH)D (ng/mL) 0.851 0.736 0.983 0.029
 Intact PTH (pg/mL) 0.998 0.967 1.026 0.911
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in the multivariate logistic regression analyses adjusted for 
age, prior use of active vitamin D3, BP, and acetaminophen.

Discussion

This study showed that the combination therapy of Zol or 
DMAb and ELD increased lumbar spine and hip BMDs, 
regardless of pretreatment, thus suggesting that both com-
bination therapies are effective treatments for Japanese 
patients with postmenopausal osteoporosis. Patients in the 
DMAb groups exhibited increased lumbar spine and total 
proximal femoral BMDs, albeit not significantly different 
compared to that in the Zol groups. This finding is slightly 
different from those of previous studies comparing DMAb 
and Zol [32, 33]. Since the effect of ELD on the bone is 
independent of its supplementary effect in vitamin D insuf-
ficiency [34], this discrepancy may be explained by the fact 
that all the patients received combination therapy with ELD.

In this study, patients in the BP-Zol group exhibited 
attenuation of suppression of bone turnover at 12 months, 
suppressed by pretreatment. This finding was consistent 
with those reported in previous studies [33, 35]. McClung 
et al. [35] reported that transition to Zol from oral alen-
dronate attenuated the suppression of bone turnover marker 
at 12 months; however, bone biopsies at 12 months exhib-
ited decrease in excessive remodeling, as seen in osteopo-
rosis. In this study, the BP-Zol group exhibited an increase 
in BMD at 12 months despite the attenuation in suppressed 
bone turnover. This finding supported the conclusion that 
patients can be switched from oral BPs to Zol infusion with 
maintenance of therapeutic effect for at least 12 months. 
However, because it is unknown whether this attenuation 
would have positive outcomes in preventing fragility fracture 
or severely suppressed bone turnover in the future, long-term 
continuous follow-up is necessary. Patients in the non-BPs 
groups exhibited increased lumbar spine, albeit not signifi-
cant, compared with patients in the BPs groups. Further, 
bone metabolic markers at baseline were associated with 
changes in BMD from baseline to 12 months. Therefore, 
previous treatment regimen and bone metabolic markers at 
baseline may be useful for evaluating BMD during treatment 
with Zol or DMAb and ELD.

Although mean serum Ca levels decreased 1 or 2 weeks 
after the first administration of DMAb or Zol in combina-
tion with ELD, none of the patients experienced serious 
side effects related to hypocalcemia. There was a signifi-
cant decrease in Ca levels in the NBP group compared 
to that in the BP group. Bone metabolic markers at base-
line had significant correlations with changes in serum 
Ca levels from baseline to 1 or 2 weeks, similar to the 
results of a previous study regarding denosumab-induced 
hypocalcemia [36]. Although the DMAb group continued 

the treatment over 12 months, the Zol group experienced 
APRs (> 20%), and 8 of 73 patients discontinued Zol. 
Therefore, DMAb may have relatively fewer side effects 
and was easier to administer compared to Zol. However, 
a systematic review has reported increased risk of mul-
tiple vertebral fractures after discontinuation of DMAb 
[37]; and therefore, strict adherence may be required with 
DMAb.

Consistent with the previous reports [38, 39], we found 
that age, prior BP use, and lower 25(OH)D levels were asso-
ciated with APRs. Considering the results from the multi-
variate analysis, higher P1NP level and lower 25(OH)D at 
baseline may be risk factors for APRs at the first administra-
tion and need to be monitored before the first administration. 
In contrast to previous reports [40, 41], this study showed 
that acetaminophen use could not prevent APRs. This dis-
crepancy could be explained by the fact that the dose used 
in this study (200 mg tablets, three times a day) was lower 
than that used in the previous study [41]. A recent Japanese 
randomized study reported that Zol-induced APRs could 
be suppressed by non-steroidal anti-inflammatory drugs 
(NSAIDs) [28]. Therefore, to prevent these APRs, an appro-
priate dose of acetaminophen or NSAIDs after the admin-
istration may be important in addition to monitoring bone 
metabolic markers and 25(OH)D levels. Considering that 
the ratio of APRs (17/75 cases = 22.7%) in this study for all 
patients who received ELD after infusion of Zol was less, 
regardless of lower mean 25(OH)D level, compared with 
that in a previous report [42], ELD could also be effective 
in preventing APRs. Additionally, since patients with APRs 
exhibited a greater decrease in Ca levels from baseline to 
1–2 weeks than those without APRs, patients with APRs 
should be strictly monitored for hypocalcemia. Moreover, 
considering that patients with APRs exhibited significant 
increase in BMD from baseline to 12 months compared to 
those without APRs, APRs might have reflected the reaction 
to the therapy.

There were some limitations in this study. First, this study 
had a small sample size and a short observation period. Fur-
ther studies are needed to ascertain whether BMD continu-
ously increases upon treatment with Zol or DMAb and ELD 
and to what extent fractures can be prevented. Second, this 
study included pretreatment with various BPs, including 
alendronate and risedronate, and pretreatment with active 
vitamin D3, such as alfacalcidol and ELD, which might have 
affected the results.

In conclusion, the combination therapy of Zol or DMAb 
and ELD may increase BMD at 12 months after the first 
administration, regardless of BP pretreatment, in Japanese 
patients with postmenopausal osteoporosis. Bone metabolic 
markers at baseline may be useful predictors for reaction to 
the therapy and side effects such as APRs and hypocalce-
mia during these combination therapies in postmenopausal 
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osteoporosis. The prior use of BP is protective against the 
development of APR.
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