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Abstract

Purpose

The aim of this 12-month, retrospective study was to compare the effects of denosumab

(DMADb; 60 mg sc every 6 months) with native vitamin D (VD) (cholecalciferol)

combination to DMAb with an active VD analog (alfacalcidol) combination in patients

with postmenopausal osteoporosis.

Methods

Patients (n=127; mean age 75.6 [58-93] years; treatment-naive [n=28]; oral

bisphosphonate-treated [n=59]; daily teriparatide-treated [n=40]) were allocated to

either the (1) “DMAD + native VD” group (n=60; cholecalciferol 10 pg + calcium 610

mg/day; treatment naive [n=13]; oral bisphosphonate-treated [n=28]; daily

teriparatide-treated [n=19]) or (2) “DMAb + active VD” group (n=67; alfacalcidol

0.8+t0.0 pg + calcium 99.2+85 mg/day; treatment-naive [n=15]; oral

bisphosphonate-treated [n=31]; daily teriparatide-treated [n=21]) based on each

physician’s decision. Changes in bone mineral density (BMD), serum bone turnover

markers, and fracture incidence were monitored every 6 months.

Results

There were no significant differences in baseline age, BMD, bone turnover marker
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levels, and prior treatments ratio between the two groups. After 12 months, compared

with the DMAb + native VD group, the DMAb + active VD group showed similar

increases in BMDs of the lumbar spine (6.4% vs 6.5%) and total hip (3.3% vs 3.4%),

although it showed significantly greater increases in the BMDs of the femoral neck

(1.0% vs 4.9%; P < 0.001) and distal forearm (1/3 radius) (-0.8 vs 3.9%; P < 0.01).

These tendencies were similar regardless of the differences in the prior treatments. The

decrease rates of bone turnover markers were similar for TRACP-5b (-49.0% vs

-49.0%), PINP (-45.9% vs -49.3%), and ucOC (-56.0% vs -66.5%), while serum

intact-PTH levels were significantly lower in the DMADb + active VD group (47.6 vs

30.4 pg/ml; P < 0.001). The rate of hypocalcemia was 1.7% in the DMAD + native VD

group and 1.5% in the DMAb + active VD group, and the rate of clinical fracture

incidence was 8.3% in the DMADb + native VD group and 4.5% in the DMAb + active

VD group, with no significant difference between the groups.

Conclusions

DMADb with active VD combination may be a more effective treatment option than

DMADb with native VD combination in terms of increasing BMDs of the femoral neck

and distal forearm and also maintaining serum intact-PTH at lower levels.
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Introduction

Receptor activator of NF-kB ligand (RANKL) is mainly produced by osteoblasts and

osteocytes, which play critical roles in osteoclast differentiation and bone resorption

[1-3]. Denosumab (DMAD), a fully human monoclonal antibody to receptor activator of

NF-kB ligand (RANKL), has shown a greater increase in bone mineral density (BMD)

and reduction in bone resorption than bisphosphonates (BP) such as alendronate (ALN)

[4], ibandronate [5], or risedronate [6], and it also significantly increased BMD and

decreased bone turnover markers when switched from ALN compared to continuing

ALN therapy in postmenopausal osteoporosis [7]. We have previously demonstrated

that switching daily teriparatide (TPTD) to DMAb significantly increased BMD and

decreased bone resorption markers compared to switching to oral BP [8]. Thus, DMADb

may be effective not only in treatment-naive patients, but also in patients switched from

BP or daily TPTD, which may be the major objects of DMAD treatment in the

real-world setting.

Previous clinical studies of DMADb were mostly conducted using a combination of

native vitamin D (VD) and calcium [4, 7, 9, 10]. However, both native VD and active

VD analog (alfacalcidol) can be used in combination with DMADb in Japan, and still lack

reliable evidence for the proper use. Alfacalcidol (ALF) is a pro-drug of active VD
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hormone calcitriol, and its favorable effects on calcium absorption, bone mineralization,

reduction of serum parathyroid hormone (PTH) levels, improving muscle function, and

decreasing risk of falls have been reported [11]. Furthermore, some studies

demonstrated that active VD analogs including ALF have advantageous effects by

preventing bone loss, osteoporosis-related fractures, and falls compared to native VD

[12, 13]. Indeed, combination therapy with ALN and ALF was superior in increasing

BMD and decreasing fracture rates than a combination with native (plain) VD [14, 15].

However, there are no previous reports that demonstrated the different effects of DMAb

when combined with native or active VD, and we hypothesized that its combination

with active VD may have advantageous effects compared to native VD.

The aim of this 12-month retrospective study was to compare the effects of DMADb in

combination with active VD to DMAD in combination with native VD in patients with

postmenopausal osteoporosis.

Materials and methods

Study design and subjects

This 12-month retrospective study was carried out at 3 centers. A total of 127 patients

(treatment naive n=28, prior treatment with oral BP n=59, prior treatment with daily
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TPTD n=40) with postmenopausal osteoporosis who met the criteria of the Japanese
guidelines for prevention and treatment of osteoporosis 2011 [16] were enrolled in the
study (Fig. 1). Patients were allocated to either the “DMADb + native VD” group (n=60),
consisting of patients who were treated with DMAb (60 mg sc every 6 months) in
combination with oral cholecalciferol 10 pg and calcium 610 mg/day (Denotas®;
Daiichi Sankyo Company, Limited, Tokyo, Japan), or the “DMADb + active VD” group
(n=67), consisting of patients who were treated with DMAD in combination with oral
ALF 0.8 = 0.0 (0.25-1.0) pg and calcium formulation 99.2 + 8.5 (0-260) mg/day,
depending on each physician’s decision (Table 1).

This observational study was conducted in accordance with the ethical standards of the
Declaration of Helsinki and approved by ethical review boards at each clinical center
(approval number 13231-2; Osaka University, Graduate School of Medicine) and posted
on the hospital homepage, with informed consent obtained from individual patients

included in the study.

BMD assessment
Areal BMDs of the lumbar spine (LS, L2-L4), total hip (TH), femoral neck (FN), and

distal forearm (DF; 1/3 radius) were assessed by dual-energy x-ray absorptiometry
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(Discovery A, Hologic, Inc., Waltham, MA) at baseline and after 6 and 12 months of

treatment. Regions of severe scoliosis, previous vertebral fractures, and postoperative

sites were excluded from BMD measurements, and at least 2 of the lumbar vertebrae

L2—L4 had to be evaluable for BMD. Subjects were excluded from the BMD analyses if

the area was fractured or operated on during the study, as previously described [17-19].

Biochemical markers of bone turnover

Bone turnover markers were measured in serum obtained from each patient at

approximately the same time in the morning after overnight fasting. The bone formation

marker, N-terminal type | procollagen propeptide (PINP) (inter-assay coefficient of

variation [CV] 3.2%—5.2%, Intact UniQ assay, Orion Diagnostica, Espoo, Finland) and

bone resorption marker, isoform 5b of tartrate-resistant acid phosphatase (TRACP-5b)

(inter-assay CV 5.0%-9.0%, Immunodiagnostic Systems Ltd., Boldon, UK) were

measured by ELISA as previously described [17, 19, 20]. Levels of undercarboxylated

osteocalcin (ucOC) were measured by a solid-phase enzyme immunoassay kit

(inter-assay CV 5.2%-8.3%, Takara Bio, Shiga, Japan) with a sensitivity of 0.25 ng/mL.

UcOC reflects not only vitamin K deficiency, but also total bone turnover, since it is

released from both osteoblasts and absorbed bone extracellular matrix by osteoclasts as
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previously described [19, 21]. Intact parathyroid hormone (PTH) was measured using a

two-site immunoradiometric assay (inter-assay CV 8.4%, Nichols Institute Diagnostics,

Valencia, California).

Radiographs

Spinal radiographs were obtained at baseline and also at unscheduled times if subjects

had symptoms suggestive of clinical vertebral fractures. For incidental non-vertebral

fractures, radiographs were assessed by the investigator if subjects had symptoms.

Statistical analysis

Differences between each study group were tested using the Mann-Whitney U test or

the chi-squared test. Changes in BMD and ranked bone turnover marker data from

baseline to specified time points within each study group were compared using the

nonparametric Wilcoxon signed-rank test. Results are expressed as means * standard

error. A P value < 0.05 indicated significance. All tests were performed using I1BM

SPSS Statistics version 22 software (IBM, Armonk, NY).

Results

10
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Baseline characteristics are shown in Table 1. There were no significant differences in

the percentage of prior osteoporosis treatment and combined VD, baseline age, body

mass index, rate of prior vertebral fracture, areal BMD, or bone turnover markers

between the two groups. However, compared with the DMADb + native VD group, the

DMADb + active VD group had longer prior TPTD treatment duration (15.4 vs 21.8

months; P < 0.001), lesser VD dose (10.0 vs 0.8 pg/day; P < 0.001), and a lesser

combined calcium dose (610.0 vs 99.2 mg/day; P < 0.001) and use frequency (100.0%

vs 88.1%; P < 0.01).

Overall, 96.7% (58/60) of the DMADb + native VD group (2 patients were lost to

follow-up) and 92.5% (62/67) of the DMAD + active VD group (2 patients were lost to

follow-up and 3 patients desired to change the medication) completed 12 months of

therapy, with no significant differences in dropout rates between the groups (Fig. 1).

During the 12-month period, in the DMADb + native VD group, 8.3% (5/60) patients

suffered from clinical fractures (2 vertebral, 1 femoral trochanter, 1 humerus, and 1 toe

fractures). In the DMADb + active VD group, 4.5% (3/67) patients suffered from clinical

fractures (2 vertebral and 1 humerus fractures). No significant difference was observed

in the fracture rate between the two groups.

11
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Change in BMD

BMD was monitored every 6 months (Fig. 2). The DMAb + active VD group showed

significant increases in BMD from baseline to 6 months and 12 months in the LS (4.4%;

P < 0.001 and 6.5%; P < 0.001), TH (3.3%: P < 0.001 and 3.4%: P < 0.001), and FN

(4.5%; P < 0.001 and 4.9%; P < 0.001), and at 12 months in the DF (3.9%; P < 0.01).

On the other hand, the DMADb + native VD group showed significant increases in BMD

from baseline to 6 months and 12 months in the LS (3.2%; P < 0.001 and 6.4%; P <

0.001) and TH (2.1%; P < 0.01 and 3.3%; P < 0.01), but no significant increases were

observed in the FN and DF.

Moreover, the DMAD + active VD group showed a significantly greater BMD increase

compared to the DMAD + native VD group in the FN from 6 months (4.5 vs 0.6%; P <

0.001) to 12 months (4.9 vs 1.0%; P < 0.001) and in the DF at 12 months (3.9 vs -0.8%;

P <0.01).

The difference in percent change of areal BMD by prior treatment and combined VD

was also evaluated (Table 2). There was no significant difference in the LS and TH

between the groups. However, the DMAD + active VD group showed a significantly

greater BMD increase of the FN compared to the DMADb + native VD group in the prior

treatment-naive (4.9 vs 0.8%; P < 0.05) and TPTD-treated groups (6.4 vs 0.7%; P <

12
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0.01), and of the DF in the prior BP-treated group (3.0 vs -1.6%; P < 0.05) at 12

months.

Bone turnover markers

Percent changes in bone turnover markers from baseline are shown in Fig. 3. No

significant differences were observed between the two groups with regard to the

changes in serum TRACP-5b, PINP, and ucOC levels from 6 months to 12 months. The

absolute values of bone turnover markers are shown in Fig. 4. There were no significant

differences in absolute TRACP-5b, PINP, and ucOC levels from baseline to 6 and 12

months between the groups; all values were within the reference values. However,

serum intact-PTH levels were significantly decreased in the DMAD + active VD group

from baseline to 6 months (38.2 vs 32.8 pg/mL; P <0.001) and 12 months (38.2 vs 30.4

pg/mL; P < 0.001), while no significant change was observed in the DMADb + native VD

group. Moreover, serum intact-PTH levels were significantly lower in the DMAb +

active VD group compared to the DMAb + native VD group from 6 months (32.8 vs

51.1 pg/mL; P < 0.001) to 12 months (30.4 vs 47.6 pg/mL; P < 0.001). During this

period, the rate of hypocalcemia (corrected serum calcium level < 8.6 mg/dl) was 1.7%

(1/60) in the DMAb + native VD group and 1.5% (1/67) in the DMADb + active VD

13
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group. On the other hand, the rate of hypercalcemia (corrected serum calcium level >

10.2 mg/dl) was 3.3% (2/60) in the DMAD + native VD group and 3.0% (2/67) in the

DMADb + active VD group. There were no significant differences in the rates of

hypocalcemia and hypercalcemia between the two groups.

Discussion

A previous report demonstrated that increased BMD may be obtained by a combination

of 3 elements: (1) remodeling closure (inhibition of bone resorption); (2) secondary

mineralization (related to calcium and vitamin D metabolism); and (3) bone modeling

without bone resorption [22].

Considering remodeling closure, the decrease rate and the absolute value of bone

turnover markers such as TRACP-5b, PINP, and ucOC were all similar between the

groups. These results suggest that the difference in the VD may not significantly affect

total bone turnover during DMAD treatment.

Considering secondary mineralization related to VD and calcium metabolism, the

DMADb + active VD group showed a significantly greater decrease and lower serum

intact-PTH levels compared to the DMAb + native VD group, although it had a lower

calcium formulation combination rate (88.1% vs 100.0%; P <0.01) and dose (99.2 vs

14
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610 mg/day; P <0.001).

Ultraviolet B-radiation of sunlight to the skin converts dehydrocholesterol to
cholecalciferol (native VD), which has to be activated by two steps of hydroxylation.
First, it becomes 25 hydroxycholecalciferol (25-OH-D3) by 25-hydroxylase in the liver
(also expressed in the osteoblasts), and subsequently it becomes la,
25-dihydroxy-cholecalciferol [1a, 25-(OH)2-D3] by 1-alpha-hydroxylase in the kidney
[11]. Renal 1a-hydroxylation is strongly restricted by a negative-feedback mechanism
with a sufficient VD-hormone level, and also in renal dysfunction with a creatinine
clearance of < 65 ml/min [11]. ALF can be directly activated in the liver or locally in
osteoblasts to be active VD-hormone without renal feedback. Ringe et al. suggested that
active VD (ALF) is especially recommended in patients with renal insufficiency; e.g.
creatinine clearance <60—65 ml/min [11]. Taken together, native VD is effective only in
patients with VD insufficiency (25(OH)D < 30 ng/ml) and normal renal function, while
ALF is also effective in both VD replete and renal insufficient patients [11, 13, 23].

PTH plays important roles in determining bone resorption and bone mass [24, 25].
Serum PTH levels increase in response to a low serum 25-hydroxyvitamin D
[25(OH)D] level [26] and low calcium intake [27], which promotes bone resorption

and consequent bone loss [28]. A previous report demonstrated that, in ovariectomized

15
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monkeys, DMAD treatment with native VD and calcium supplementation did not alter

serum intact-PTH levels [29], which was consistent with the present study. However,

other previous reports demonstrated that BP monotherapy increased serum intact-PTH

levels, while a combination with BP and active VD decreased serum intact-PTH levels

[18, 30, 31], and decreased serum intact-PTH levels were positively correlated with

BMD increase [18, 30]. Taken together, ALF may have advantageous effects in

decreasing serum intact-PTH levels and increasing BMD, compared to native VD in

DMADb treatment.

Considering bone modeling, it has been reported that active VD (calcitriol and

eldecalcitol) [32] induces bone modeling or minimodeling, which is considered to be

focal bone formation with the resumption of osteoblastic activity of bone lining cells

[33]. Furthermore, ALF increased not only focal bone formation on cancellous surfaces,

but also periosteal bone formation [34] and cortical bone BMD of rats [35]. However,

cholecalciferol did not alter cortical bone morphology in mice [36]. From these

observations, active VD including ALF may have stronger effects, especially on cortical

bone compared to cholecalciferol, which is consistent with the present study.

Since this study was based on a real-world setting, only 22.0% of patients were

treatment-naive, and 46.5% of patients were switched from BP treatment. Previous

16
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clinical studies, which were mostly conducted in osteoporosis treatment-naive or

treatment washed-out patients with native VD, demonstrated that 12 months

administration of DMADb increased BMD by approximately 5.3-6.5% in the LS, 3.5% in

the TH, 2.4-2.7% in the FN, and 0.2% in the DF [4, 9, 10, 37]. On the other hand, a

previous study showed that switching alendronate to DMAD in combination with native

VD increased BMD by 3.0% in the LS, 1.9% in the TH, 1.4% in the FN, and 0.9% in

the 1/3 radius at 12 months, which were relatively small compared to previous studies

of treatment-naive or treatment washed-out patients [7]. These tendencies were similar

in both groups of the present study, although active VD group achieved higher BMD

increase compared to native VD group under such conditions.

There are several limitations to this study. Due to the small number of subjects,

statistical power of the results may be attenuated, although significant differences were

observed between native and active VD groups even if distributed by the difference of

prior treatment. As based on real-world setting, patients and treatment selection were

not randomized and depended on each physician’s decision, while general patients’

background and the ratio of prior treatment were similar between the two groups. As

spinal x-ray is not routinely conducted, subclinical vertebral fracture couldn’t be

monitored. Whether a greater change in BMD induced by DMAD + active VD than that

17
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of DMAD + native VD may reduce fracture risk should be assessed in a larger cohort. In

addition, unknown baseline oral calcium intake and baseline VVD-hormone levels may

have affected the results, and possible subclinical hypercalciuria which may promote

renal dysfunction couldn’t be monitored in some part of the patients.

In conclusion, DMAb with active VD combination significantly increased BMDs of the

FN and DF, where cortical bone is relatively abundant and also in maintaining serum

intact-PTH at lower levels compared to native VD combination, suggesting combining

active VD may be an effective option of DMAD treatment.
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Figure legends

Fig. 1 Study design and schedule. Patients (n=127) were allocated to either the (1)
DMAD + native VD group (n=60; treatment-naive, n=13; oral BP, n=28; or daily TPTD,
n=19) or the (2) DMAD + active VD group (n=67; treatment-naive, n=15; oral BP,
n=31; or daily TPTD, n=21) based on each physician’s decision. Bone mineral density

and bone turnover markers were evaluated every 6 months in all patients.

Fig. 2 Mean + standard error (SE) change from baseline bone mineral density (BMD) in
the lumbar spine (Panel a), total hip (Panel b), femoral neck (Panel c), and distal
forearm (1/3 radius) (Panel d); **P < 0.01, ***P < 0.001 change from baseline within
each treatment group. *P < 0.01, **P < 0.001 DMAb + native VD group versus DMAb

+ active VD group.

Fig. 3 Mean + standard error (SE) change from baseline serum concentration of bone

turnover markers TRAP-5b (Panel a), PINP (Panel b), and ucOC (Panel c). TRAP-5b,

isoform 5b of tartrate-resistant acid phosphatase; PINP, type | collagen N-terminal
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propeptide; ucOC, undercarboxylated osteocalcin.

Fig. 4 Mean + standard error (SE) absolute values of bone turnover markers TRAP-5b
(Panel a), PINP (Panel b), ucOC (Panel c¢), and intact PTH (Panel d). TRAP-5b, isoform
5b of tartrate-resistant acid phosphatase; PINP, type | collagen N-terminal propeptide;
ucOC, undercarboxylated osteocalcin; PTH, parathyroid hormone. ***P < 0.001 change
from baseline within each treatment group. **P < 0.001 DMAb + native VD group

versus DMAD + active VD group.
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Table 1. Baseline clinical characteristics

) DMADb + native VD DMADb + active VD P value
Variable
(n=60) (n=67)
Naive (n=13; 21.7%) Naive (n=15; 22.4%) N.S.
Oral BP (n=28; 46.7%) Oral BP (n=31; 46.3%) N.S.
Weekly ALN (n=16) Weekly ALN (n=4)
Prior osteoporosis treatment
Weekly RIS (n=16) Weekly RIS (n=8)
Monthly MIN (n=6) Monthly MIN (n=19)
Daily TPTD (n=19; 31.7%)  Daily TPTD (n=21; 31.3%) N.S.
Naive (n=32; 53.3%) Naive (n=26; 38.8%) N.S.
Prior combined VD Alfacalcidol (n=22; 36.7%) Alfacalcidol (n=26; 38.8%) N.S.
Eldecalcitol (n=6; 10.0%) Eldecalcitol (n=15; 22.4%) N.S.
Prior BP duration (months) 38.7+4.0 26.9+4.0 N.S.
Prior TPTD duration
15.4+1.5 21.8+0.7 <0.001
(months)
Combined VD Cholecalciferol (n=60/60) Alfacalcidol (n=67/67)
Combined VD, ug/day 10+0.0 0.8+0.0 <0.001
Combined Ca, n/N (%) 60/60 (100.0%) 59/67 (88.1%) <0.01
Combined Ca, mg/day 610£0.0 99.2+8.5 <0.001
Age, (years) 75.3+1.0 75.9+1.0 N.S.
Body mass index (kg/m?) 21.6+0.4 20.7+0.4 N.S.
Prior vertebral fracture(s),
43/60 (71.7%) 46/67 (68.7%) N.S.
n/N(%)
Lumbar spine BMD (g/cm?) 0.730+0.016 0.762+0.017 N.S.
Lumbar spine BMD (T-score) -3.0£0.1 -2.8+0.1 N.S.
Total hip BMD (g/cm?) 0.607+0.012 0.625+0.010 N.S.
Total hip BMD (T-score) -2.5+0.1 -2.6+0.1 N.S.
Femoral neck BMD (g/cm?) 0.561+0.012 0.565+0.013 N.S.
Femoral neck BMD (T-score) -2.5+0.1 -2.6+0.1 N.S.
Distal forearm (1/3 radius)
0.346+0.014 0.381+0.014 N.S.
(g/cm?)
Distal forearm (1/3 radius)
-4.7+0.2 -4.4+0.2 N.S.
(T-score)
Corrected Ca (mg/dl) 9.3+0.1 9.3+0.1 N.S.
Intact-PTH (pg/ml) 45.1+2.5 38.2£2.7 N.S.
PINP (ug/l) 67.8+9.2 61.3+6.7 N.S.
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TRACP-5b (mU/dI) 439.5+30.9 422.2+32.8 N.S.
ucOC (ng/ml) 7.4+1.3 6.4+1.1 N.S.
eGFR (ml/min/1.73m?) 67.9+2.2 67.5+2.4 N.S.

Data are expressed as means + standard error (SE), unless otherwise noted.

BP, Bisphosphonate; DMAb, Denosumab; ALN, Alendronate; RIS, Risedronate; MIN, Minodronate; sc,
subcutaneous; TPTD, daily teriparatide; N.S., not significant; n/N (%) = number of patients with
measurements / total number of patients (%). Ca, calcium; Bone mineral density; BMD, PTH, parathyroid
hormone; PINP, Type | collagen N-terminal propeptide; TRAP-5b, Isoform 5b of tartrate-resistant acid
phosphatase; ucOC, Undercarboxylated osteocalcin; eGFR, Estimated glomerular filtration rate;

Differences between the groups were determined by the Mann-Whitney U-test or chi-squared test.
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Table 2. Difference in the percent change of bone mineral density (BMD) of the
lumbar spine (LS), total hip (TH), femoral neck (FN), and distal forearm (DF; 1/3
radius) by prior treatment and combined vitamin D (VD) in denosumab treatment.

Avreal Prior Combined VD BMD change (%)
BMD treatment 6 months 12 months
LS naive native 5.5+1.2 8.5+1.4
active 3.8+1.1 6.9+1.5
BP native 1.7+1.1 4.4+1.5
active 45+1.1 6.4+1.5
TPTD native 3.8+1.2 7.2+1.6
active 4.7+1.1 6.3x1.0
total native 3.2+0.6 6.4x0.8
active 4.4+0.6 6.5+0.6
TH naive native 3514 2.8£1.6
active 5.2+13 5.6x1.1
BP native 1.2+0.9 3.3+1.0
active 2.5+0.8 2.0£1.0
TPTD native 2.2+1.1 3.5£1.0
active 3.1+1.1 3.5+1.1
total native 2.1+0.6 3.3x0.6
active 3.3£05 3.4+0.5
FN naive native 1.1+1.4 0.8+1.5
active 4.5+0.8* 4.9+0.8*
BP native 0.8+1.1 1.3£1.3
active 2.3£15 1.7+1.0
TPTD native 0.1+1.2 0.7+1.2
active 6.1+1.2%** 6.4+1.1*%*
total native 0.6+0.6 1.0+0.7
active 4.5+0.7%** 4.94£0.6***
DF naive native 0.6+2.7 -0.2£1.3
active 6.8+2.2 7.240.6
BP native -0.7x1.5 -1.6%1.1
active 1.7£15 3.0£1.4*
TPTD native -1.4+1.2 0.6+1.2
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active 0.1+1.7 4.9+2.2

total native -0.7+£1.0 -0.8+0.7
active 1.9+0.8 3.9+0.8**

*P<0.05, **P<0.01, ***P<0.001.
Data are expressed as means + standard error (SE), unless otherwise noted.
VD, vitamin D; BP, Bisphosphonate; TPTD, daily teriparatide; BMD, Bone mineral density; Differences

between the groups were determined by the Mann-Whitney U-test.
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Figure 3
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Figure 4
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