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distal third of the radius were observed. Eldecalcitol dem-
onstrated significant effects in additionally decreasing the 
level of the bone resorption marker tartrate-resistant acid 
phosphatase 5b and increasing BMD at the lumbar spine, 
even in osteoporosis patients having undergone long-term 
bisphosphonate treatment.
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Introduction

Eldecalcitol is a new active vitamin D3 analogue 
(1,25-dihydroxyvitamin D3) and has been shown to sig-
nificantly increase lumbar spine and total hip bone mineral 
density (BMD) [1]. In addition, eldecalcitol has been found 
to decrease the incidence of both vertebral and wrist frac-
tures in comparison with alfacalcidol [2, 3]. The effect of 
eldecalcitol on the risk of osteoporotic fracture has been 
shown to be dependent on the potent effect of eldecalcitol 
on BMD, bone structure, and bone turnover [3]. Regarding 
its effects on bone turnover, eldecalcitol has been demon-
strated to suppress bone resorption markers such as urinary 
collagen N-telopeptide, the level of which was decreased 
by 20 % at 3 months after the start of treatment in com-
parison with the baseline level [1], and by 23 % at 3 years 
in comparison with that in patients undergoing alfacalcidol 
treatment [2]. On the basis of these results, eldecalcitol was 
approved for the treatment of osteoporosis in Japan.

A previous study using an animal model demonstrated 
that the inhibitory effect of eldecalcitol on bone resorption 
is related to the suppression of receptor activator of nuclear 
factor κB ligand (RANKL) expression in osteoblasts, the 
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mechanism of which differs from that of other antiresorp-
tive agents such as bisphosphonates [4]. Additionally, 
recent studies have demonstrated that the suppressive effect 
of eldecalcitol on bone resorption was additive to that of 
alendronate or raloxifene in an ovariectomized rat model 
[5, 6]. Therefore, we hypothesized that eldecalcitol would 
have an inhibitory effect on bone resorption even in osteo-
porosis patients who had undergone long-term bisphos-
phonate treatment. In this study, we investigated whether 
eldecalcitol has further effects on bone metabolic markers 
and BMD in postmenopausal osteoporosis patients having 
already undergone long-term bisphosphonate treatment.

Materials and methods

From July 2012 to July 2014, there were 73 postmenopau-
sal osteoporosis patients receiving treatment in the out-
patient clinic of our hospital who satisfied the following 
criteria:

1. The patients had already undergone bisphosphonate 
treatment, including alendronate treatment (5 mg/day 
or 35 mg/week) or risedronate treatment (2.5 mg/day 
or 17.5 mg/week) with or without alfacalcidol treat-
ment (1.0 μg/day), or alfacalcidol monotherapy for 
more than 2 years (average period 6.3 years; range 
2–11 years). All patients were prescribed calcium lac-
tate (3.0 g/day).

2. They had no metabolic bone disease, such as hyper-
parathyroidism, Cushing’s syndrome, rheumatoid 
arthritis, diabetes mellitus, or renal disease, and had 
not received glucocorticoids or other antiosteoporosis 
agents according to their medical records.

3. The absence of clinical fractures for 6 months before 
the start of eldecalcitol treatment had been monitored 
by plain radiographs.

4. No significant changes in bone metabolic makers or 
BMD were observed regardless of bisphosphonate or 
alfacalcidol treatment for more than 2 years before the 
start of eldecalcitol treatment.

For all patients, we decided that the minimum significant 
change of serum tartrate-resistant acid phosphatase 5b 
(TRAP5b) level was more than 12.4 % according to 
the guidelines of the Japan Osteoporosis Society [7] 
and a significant increase of BMD was more than 3 % 
of the young adult mean in Japanese women. Seventy-
three patients were asked to begin eldecalcitol treat-
ment (0.75 μg/day), and consent was received from 
65 patients. Institutional Review Board approval was 
obtained for this study.

The patients were divided into three subgroups on the 
basis of the drugs prescribed before the start of eldecalci-
tol treatment; the alfacalcidol group (ALF group; n = 17) 
changed from alfacalcidol monotherapy to eldecalcitol 
monotherapy, the bisphosphonate plus alfacalcidol group 
(ALF + BP group; n = 28) changed from bisphospho-
nate and alfacalcidol therapy to bisphosphonate and elde-
calcitol therapy, and the bisphosphonate group (BP group; 
n = 20) had eldecalcitol added to bisphosphonate mono-
therapy. The duration of bisphosphonate or alfacalcidol 
administration before the start of eldecalcitol treatment 
was 8.4 ± 4.2 years (mean ± standard deviation) in the 
ALF group, 5.2 ± 2.3 years in the ALF + BP group, and 
5.1 ± 2.9 years in the BP group.

Before the start of eldecalcitol treatment, the age, height, 
weight, total muscle mass, total fat mass, and BMD at the 
lumbar spine (L2–L4), total hip, and distal third of the 
radius were measured (QDR4500; Hologic, Waltham, MA, 
USA) as background data for each patient. Body compo-
sition was measured by a whole-body scan with the same 
machine as used for BMD measurement, with the system 
software providing estimates of lean and fat mass. Esti-
mated glomerular filtration rate was calculated from the 
creatinine level for the assessment of renal function. The 
serum levels of total alkaline phosphatase (ALP; refer-
ence range 110–370 IU/l) and TRAP5b (reference range 
120–420 mU/dl), as bone metabolic markers, as well as 
the serum levels of calcium (reference range 8.4–10.4 mg/
dl), which was corrected against serum albumin level, and 
phosphate (reference range 2.5–4.5 mg/dl) were meas-
ured at the baseline and 3 and 12 months after the initia-
tion of eldecalcitol treatment, whereas BMD was measured 
at the baseline and 12 months after the initiation of treat-
ment. All data were collected prospectively. The average 
age was 72.0 ± 8.7 years (mean ± standard deviation; 
range 60–92 years). Informed consent was obtained from 
each patient before enrollment in the study, and the study 
was approved by the Institutional Review Board of the 
university.

The results are expressed as mean ± standard deviation. 
Statistical analyses for background data were performed 
with a one-way ANOVA, and for multiple comparisons, 
homogeneity of variances was assessed by Levene tests 
and Tukey’s post hoc tests. To compare the responses after 
the initiation of eldecalcitol treatment, two-way repeated 
measures ANOVA and Bonferroni’s multiple comparison 
tests were used. A p value of less than 0.05 was considered 
significant. Furthermore, for multiple comparisons of seven 
variables of serum level (ALP, TRAP5b, Ca, P) and BMD 
(LS, Hip, 1/3R), Bonferroni correction was applied and the 
cutoff of significance was set to 0.0063 (0.05/7). All analy-
ses were performed with IBM SPSS Statistics version 22.
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Results

Table 1 gives the background data for the patients, with no 
significant differences observed among the three subgroups 
except that the BMD at both the total hip and the distal third 
of the radius in the ALF group was significantly higher than 
that in the ALF + BP and BP groups (Table 1). For the 
patients in this study, the TRAP5b levels in the ALF + BP 
and BP groups were relatively high regardless of long-term 
bisphosphonate treatment (Table 1). The serum TRAP5b 
levels in all groups were significantly decreased at 3 months 
(ALF group, 326.5 ± 90.6 mU/dl; ALF + BP group, 
268.7 ± 112.4 mU/dl; BP group, 275.3 ± 92.5 mU/dl) and 
12 months (ALF group, 309.6 ± 113.8 mU/dl; ALF + BP 
group, 274.4 ± 117.7 mU/dl; BP group, 272.4 ± 121.6 mU/
dl) after the initiation of eldecalcitol treatment in com-
parison with the baseline levels (Fig. 1). No significant 
changes in serum ALP levels at 3 months (ALF group, 
204.0 ± 64.7 IU/l; ALF + BP group, 188.0 ± 70.0 IU/l; 
BP group, 204.0 ± 63.9 IU/l) and 12 months (ALF group, 
191.3 ± 53.1 IU/l; ALF + BP group, 182.5 ± 67.8 IU/l; 
BP group, 205.7 ± 63.8 IU/l) (Fig. 2), calcium levels 
at 3 months (ALF group, 9.7 ± 0.93 mg/dl; ALF + BP 
group, 9.5 ± 0.49 mg/dl; BP group; 9.5 ± 0.47 mg/dl) 
and 12 months (ALF group, 9.6 ± 0.61 mg/dl; ALF + BP 
group, 9.4 ± 0.51 mg/dl; BP group, 9.5 ± 0.47 mg/dl) 

(Fig. 3), or phosphate levels at 3 months (ALF group, 
3.5 ± 0.41 mg/dl; ALF + BP group, 3.3 ± 057 mg/dl; 
BP group, 3.7 ± 0.49 mg/dl) and 12 months (ALF group, 
3.5 ± 0.54 mg/dl; ALF + BP group, 3.3 ± 0.51 mg/dl; BP 

Table 1  Patient background 
data

Before the start of eldecalcitol treatment, there were no significant differences in age, height, weight, total 
muscle volume, total fat volume, bone mineral density at the lumbar spine, estimated glomerular filtratron 
rate (eGFR), or serum total alkaline phosphatase (ALP), tartrate-resistant acid phosphatase 5b (TRAP5b), 
calcium, or phosphate levels among the alfacalcidol (ALF), bisphosphonate plus alfacalcidol (ALF + BP), 
and bisphosphonate (BP) groups. Bone mineral density at the total hip in the ALF + BP group (p = 0.008) 
and the BP group (p = 0.016) and that at the distal third of the radius in the ALF + BP group (p = 0.008) 
were significantly lower than in the ALF group. The p values in italics are significant (p < 0.05).
a p = 0.008 (Tukey’s post hoc test)
b p = 0.016 (Tukey’s post hoc test)
c One-way ANOVA

ALF group ALF + BP group BP group pc

Age (years) 74.0 ± 12.7 71.2 ± 6.1 71.5 ± 7.8 0.55

Height (m) 151.9 ± 6.0 150.0 ± 7.0 150.7 ± 6.1 0.66

Weight (kg) 50.6 ± 5.6 46.4 ± 7.3 46.4 ± 6.9 0.1

Total muscle mass (g) 33,664.6 ± 3129.3 32,659.2 ± 3523.8 30,892.8 ± 7760.1 0.25

Total fat mass (g) 19,245.0 ± 20239.2 17,381.2 ± 31287.4 12,415.4 ± 4134.3 0.64

Bone mineral density (g/cm2)

 Lumbar spine 0.704 ± 0.1169 0.627 ± 0.1105 0.648 ± 0.0678 0.06

 Total hip 0.671 ± 0.078 0.593 ± 0.0821a 0.593 ± 0.0846b 0.016

 Distal third of radius 0.493 ± 0.099 0.423 ± 0.055a 0.450 ± 0.073 0.011

eGFR (mg/dl) 67.2 ± 17.3 71.8 ± 14.7 78.0 ± 14.4 0.1

ALP (IU/l) 204.4 ± 57.9 190.3 ± 62.7 221.6 ± 75.5 0.27

TRAP5b (mU/dl) 444.5 ± 132.5 348.2 ± 142.6 429.2 ± 159.9 0.06

Calcium (mg/dl) 9.3 ± 0.4 9.4 ± 0.4 9.3 ± 0.4 0.66

Phosphate (mg/dl) 3.5 ± 0.4 3.3 ± 0.5 3.6 ± 0.5 0.34

Fig. 1  Changes in tartrate-resistant acid phosphatase 5b (TRAP5b) 
level before and after the initiation of eldecalcitol treatment. Serum 
TRAP5b levels in all groups were significantly decreased at 3 and 
12 months after the initiation of eldecalcitol treatment in compari-
son with the baseline levels. One asterisk p < 0.005, two asterisks 
p < 0.001, diamonds alfacalcidol group, squares alfacalcidol plus bis-
phosphonate group, triangles bisphosphonate group
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group, 3.7 ± 0.5 mg/dl) (Fig. 4) after initiation of treatment 
were observed in comparison with the baseline levels. In 
addition, the lumbar spine BMD at 12 months after initia-
tion of treatment was significantly increased in comparison 
with the baseline level in all groups (Table 2).

Discussion

Recent studies have demonstrated that eldecalcitol is 
more effective than alfacalcidol in preventing osteoporotic 

fractures, with a significant reduction in bone resorption 
markers observed in osteoporosis patients with vitamin D 
sufficiency [2, 3]. In this study, we showed that the sub-
stitution of eldecalcitol therapy for alfacalcitol mono-
therapy afforded further significant effects via a decrease 
in TRAP5b levels and an increase of BMD in patients 
who had previously undergone long-term alfacalcidol 
monotherapy. Notably, we demonstrated that eldecalcitol 
showed significant effects on TRAP5b levels and BMD 
even in patients who had undergone bisphosphonate treat-
ment for more than 2 years. Moreover, the substitution of 

Fig. 2  Changes in alkaline phosphatase (ALP) level before and after 
the initiation of eldecalcitol treatment. No significant changes in the 
serum level of ALP in any groups were observed at 3 and 12 months 
after the initiation of eldecalcitol treatment in comparison with the 
baseline levels. Diamonds alfacalcidol group, squares alfacalcidol 
plus bisphosphonate group, triangles bisphosphonate group

Fig. 3  Changes in calcium level before and after the initiation of 
eldecalcitol treatment. No significant changes in the serum level of 
calcium in all groups were observed at 3 and 12 months after the ini-
tiation of eldecalcitol treatment in comparison with the baseline lev-
els. Diamonds alfacalcidol group, squares alfacalcidol plus bisphos-
phonate group, triangles bisphosphonate group

Fig. 4  Changes in phosphate (P) level before and after the initiation 
of eldecalcitol treatment. No significant changes in the serum level 
of phosphate in any group were observed at 3 and 12 months after 
the initiation of eldecalcitol treatment in comparison with the base-
line levels. Diamonds alfacalcidol group, squares alfacalcidol plus 
bisphosphonate group, triangles bisphosphonate group

Table 2  Changes in bone mineral density (g/cm2)

The lumbar spine bone mineral densities were significantly increased 
at 12 months after initiation of treatment in comparison with the 
baseline levels (0 months) in all groups. No significant changes in 
the bone mineral density at the total hip and distal third of the radius 
were observed in any of the groups.

ALF alfacalcidol, ALF + BP bisphosphonate plus alfacalcidol, BP 
bisphosphonate

* p < 0.001

Group 0 months 12 months

Lumbar spine ALF 0.704 ± 0.117 0.727 ± 0.096*

ALF + BP 0.627 ± 0.111 0.652 ± 0.107*

BP 0.648 ± 0.077 0.693 ± 0.102*

Total dip ALF 0.671 ± 0.078 0.675 ± 0.096

ALF + BP 0.593 ± 0.082 0.596 ± 0.088

BP 0.593 ± 0.085 0.585 ± 0.089

Distal third of radius ALF 0.493 ± 0.099 0.497 ± 0.103

ALF + BP 0.423 ± 0.055 0.428 ± 0.057

BP 0.450 ± 0.073 0.456 ± 0.063
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eldecalcitol therapy for alfacalcidol therapy also demon-
strated these significant effects in patients receiving alfacal-
cidol and bisphosphonate combination treatment for more 
than 2 years. We therefore consider that the results of this 
study provide new information regarding the further signif-
icant effects of eldecalcitol on bone resorption markers and 
BMD in osteoporosis patients having undergone long-term 
bisphosphonate treatment.

Bisphosphonate is well known as a potent antiresorptive 
agent that inhibits the bone resorptive capacity of mature 
osteoclasts and may also induce osteoclast apoptosis [8]. 
However, this study showed that eldecalcitol significantly 
inhibited TRAP5b levels in osteoporosis patients despite 
long-term bisphosphonate treatment. A previous study 
demonstrated that eldecalcitol and alendronate combination 
treatment improved the mechanical properties of the lum-
bar spine and femur in an ovariectomized rat model, and 
also indicated that the mechanism underlying this improve-
ment was based on the additive effect of combined therapy 
with the two antiresorptive agents while maintaining bone 
formation [5]. These studies suggested that the inhibitory 
effect of eldecalcitol on bone resorption could proceed via 
a pathway different from that for bisphosphonate, and these 
results seemed to correspond with those of our study.

Several studies using animal models have shown that 
the inhibitory effect of eldecalcitol on bone resorption is 
based on the suppression of osteoclast number, activity, 
and function without promoting osteoclast apoptosis [4, 
9, 10]. A recent study also demonstrated that eldecalcitol 
administration significantly suppressed RANKL expression 
and reduced the RANKL-positive cell surface perimeter of 
bones in mice [4]. Takahashi et al. [10, 11] also identified 
the direct osteoclast progenitors, called “cell-cycle-arrested 
quiescent osteoclast precursors” (QOPs), and detected 
QOPs in bone marrow and peripheral blood. QOPs are 
committed osteoclast precursors, and some QOPs circu-
late in the blood vessels to locate to appropriate sites for 
osteoclast formation [10]. Kikuta et al. [12] demonstrated 
that eldecalcitol controls osteoclastogenesis and bone 
resorption by blocking the migration and positioning of 
osteoclasts in bone tissues and increasing the circulation of 
osteoclast precursors. These studies indicated that the path-
way by which eldecalcitol inhibits osteoclast formation and 
function differs from that of bisphosphonate. We therefore 
speculated that eldecalcitol would have an additional inhib-
itory effect on bone resorption, which might be associated 
with an increase in BMD, in osteoporosis patients even 
after long-term bisphosphonate treatment.

The distinctive significant effects of eldecalcitol (i.e., a 
decrease in TRAP5b level and an increase in BMD) were 
observed in the patients in all of the study groups. On the 
other hand, long-term bisphosphonate treatment before the 
start of eldecalcitol treatment had no significant effects on 

bone metabolic markers or BMD for more than 2 years. We 
therefore believe that the additional prescription of eldecal-
citol is a practical treatment for cases in which long-term 
bisphosphonate treatment has been found to be ineffective.

A previous report indicated that the serum TRAP5b 
level is minimally affected by renal dysfunction although a 
high prevalence of chronic kidney disease has been increas-
ingly recognized in elderly female patients [7], which is 
consistent with our results. With regard to hypercalcemia as 
the most careful adverse event by eldecalcitol treatment, we 
did not find a significant change of serum calcium levels in 
all groups at 3 and 12 months after the initiation of eldecal-
citol treatment in comparison with the baseline levels. On 
the other hand, in further studies the serum calcium level 
needs to be measured within 1 month after the additional 
administration of eldecalcitol because the serum calcium 
level might be increased in early phase after treatment [13].

No significant changes in ALP level or overreductions in 
TRAP5b level after the initiation of eldecalcitol treatment 
were observed in any of the three groups. These results 
suggest that simultaneous treatment with two antiresorptive 
agents such as bisphosphonate and eldecalcitol does not 
lead to an oversuppression of bone turnover even in osteo-
porosis patients who have undergone long-term bisphos-
phonate treatment.

The total pool of ALP in serum consists of several 
isozymes from various tissues, although isozymes from 
bone tissue account for almost 50 % of the total ALP pool 
[7]. We therefore need to assess further the serum levels of 
bone ALP or N-terminal propeptide of type I procollagen to 
conclude whether eldecalcitol had any effect on bone for-
mation in these patients.

We believe that the administration of eldecalcitol is 
worthwhile because of the expected further suppression 
of bone resorption markers and increase in BMD, even in 
patients who have previously undergone long-term bis-
phosphonate treatment. In this study, we demonstrated the 
effectiveness of eldecalcitol on bone metabolic markers and 
BMD; however, we also need to investigate the long-term 
effects of eldecalcitol on bone metabolic markers, BMD, 
and fracture prevalence in these patients in further studies.

There were several limitations to this study. First, we 
measured bone metabolic markers at 3 and 12 months after 
the initiation of eldecalcitol treatment. Ideally, we should 
also perform the measurement within 3 months of and at 
more than 1 year after initiation of treatment to evaluate the 
effects in both the early stage or the late stage. Second, we 
did not evaluate the effect on the incidence of osteoporotic 
fractures. Third, serum ALP, TRAP5b, calcium and phos-
phate levels were not measured at the same time because 
the samples were individually taken from patient blood 
samples at the time of examination in the clinic. Fourth, 
we did not measure serum intact parathyroid hormone 
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levels, which might have affected the serum calcium level, 
because the measurement is not covered by health insur-
ance for the treatment of primary osteoporosis patients.

In conclusion, we demonstrated that eldecalcitol has 
further significant effects on the level of the bone resorp-
tion marker TRAP5b (decrease) and BMD (increase) at the 
lumbar spine after the start of treatment in postmenopausal 
osteoporosis patients who have previously undergone long-
term bisphosphonate treatment.
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