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Abstract: An open-label randomized controlled trial was conducted to clarify the effect of
eldecalcitol (ED) on body balance and muscle power in postmenopausal osteoporotic women
treated with bisphosphonates. A total of 106 postmenopausal women with osteoporosis (mean
age 70.8 years) were randomly divided into two groups (n=53 in each group): a bisphosphonate
group (control group) and a bisphosphonate plus ED group (ED group). Biochemical markers,
unipedal standing time (body balance), and five-repetition chair-rising time (muscle power)
were evaluated. The duration of the study was 6 months. Ninety-six women who completed
the trial were included in the subsequent analyses. At baseline, the age, body mass index, bone
mass indices, bone turnover markers, unipedal standing time, and chair-rising time did not
differ significantly between the two groups. During the 6-month treatment period, bone turnover
markers decreased significantly from the baseline values similarly in the two groups. Although
no significant improvement in the unipedal standing time was seen in the ED group, compared
with the control group, the chair-rising time decreased significantly in the ED group compared
with the control group. The present study showed that ED improved the chair-rising time in
terms of muscle power in postmenopausal osteoporotic women treated with bisphosphonates.
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Introduction

Osteoporosis most commonly affects postmenopausal women, placing them at a sig-
nificant risk for fractures. Osteoporotic fractures in women include vertebral fractures,
hip fractures, wrist-forearm fractures, humeral fractures, rib fractures, pelvic fractures,
clavicular, scapular, and sternum fractures, and tibial and fibular fractures.! Because
most non-vertebral osteoporotic fractures occur as a result of falls, risk factors for
falls, including physical function, should be evaluated as part of the treatment of
postmenopausal osteoporosis.

Clinically, the impairment of muscle strength and muscle power of the lower
extremities, balance/postural control, and walking ability have been recognized as
important risk factors for falls.>* However, muscle strength should be distinguished
from muscle power: muscle strength is defined as the maximal force that a muscle can
produce against a given resistance, while muscle power is defined as the product of
force and speed.?® The former is related to bone strength, whereas the latter is related
to falling.? Thus, the evaluation of muscle power, rather than muscle strength, is likely
to be important for the prediction of falls. Theoretically, flexibility, body balance,
muscle power of the lower extremities, and walking ability should, at a minimum, be
assessed in clinical practice.® In particular, body balance can be evaluated by measuring
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unipedal standing time, while muscle power can be evaluated
by measuring chair-rising time.%’

Vitamin D is known to improve the volume of type II
fibers in the muscle.® An observational prospective study on
a cohort of patients at an increased risk for falls showed that
alfacalcidol (1o-hydroxyvitamin D,, 1 pg daily) improved
muscle power (chair-rising time) and balance (timed up
and go and tandem standing time) and reduced the number
of fallers (48.1% reduction) and falls (51.3% reduction).’
A meta-analysis study showed that alfacalcidol and cal-
citriol (1,25-dihydroxyvitamin D,) significantly reduced
non-vertebral fractures (odds ratio: 0.51) and falls (odds
ratio: 0.66) in the elderly.'” These reports suggest that the
conventional active forms of vitamin D, are useful for pre-
venting falls in the elderly.

Recently, eldecalcitol [ED-71; 23-(3-hydroxypropyloxy)-
1,25-dihydroxyvitamin D,] was generated as a new active
orally administered vitamin D, (1,25-dihydroxyvitamin D,)
analog in Japan. A randomized, active comparator (alfacal-
cidol), double-blind study showed that ED (0.75 ng daily)
was more effective than alfacalcidol (1 pg daily) for sup-
pressing bone turnover, increasing the lumbar spine and total
hip bone mineral density (BMD), and preventing vertebral
fractures in patients with osteoporosis.!! A subgroup analysis
revealed that ED reduced the incidence of wrist fractures by
71% compared with alfacalcidol,!! suggesting that ED might
have effectively prevented falls. However, the effect of ED
on physical function and the incidence of falls remain to be
established in patients with osteoporosis. Bisphosphonates
(alendronate and risedronate) are standard medicines used
for the treatment of postmenopausal osteoporosis. Thus, an
open-label randomized controlled trial was conducted to
clarify the effect of ED on body balance (unipedal standing
time) and muscle power (chair-rising time) in postmeno-
pausal osteoporotic women treated with bisphosphonates
(alendronate and risedronate).

Subjects and methods
Study subjects

Informed consent was obtained from all the participants. The
protocol was approved by the Ethical Committee of Keiyu
Orthopaedic Hospital (Gunma, Japan).

A total of 106 Japanese women (mean age 70.8 years,
range 4887 years) were recruited in three outpatient clinics
in Japan (Keiyu Orthopaedic Hospital, Gunma; Hiyoshi
Medical Clinic, Kanagawa; Ibata Orthopaedic Clinic, Chiba)
during the 4-month period between April 1 and July 31,
2012. The inclusion criteria were spontaneous menopause,

a fully ambulatory status, a diagnosis of postmenopausal
osteoporosis according to the Japanese diagnostic criteria,'>!
an osteoporosis treatment-naive status, and the feasibility of
measuring the physical function parameters. The exclusion
criteria for the physical function assessment were severe
gait disturbance requiring some form of walking aid, current
clinical fractures because of osteoporosis, sciatica because
of lumbar spinal canal stenosis, rheumatoid arthritis, and
severe cardiovascular disease. Because large asymmetrical
leg extension power deficits observed in women recovering
from hip fractures are reportedly associated with a slow stair-
climbing speed,'* a history of hip fracture was selected as an
exclusion criterion. The exclusion criteria for the diagnosis
of postmenopausal osteoporosis included glucocorticoid use,
gastrectomy, renal failure, or bone diseases including cancer-
induced bone loss because of aromatase inhibitors, primary
hyperparathyroidism, hyperthyroidism, Cushing’s syndrome,
multiple myeloma, Paget’s disease of the bone, osteogenesis
imperfecta, or type 2 diabetes. None of the subjects had been
laborers or had been engaged in any regular or leisure-time
sporting activities.

The participants were randomly divided into two
groups: a bisphosphonate group (n=53, control group) and
a bisphosphonate plus ED (0.75 ng daily) group (n=53, ED
group). Alendronate (35 mg weekly) was used at Keiyu
Orthopaedic Hospital, and risedronate (17.5 mg weekly)
was used at Hiyoshi Medical Clinic and Ibata Orthopaedic
Clinic. The doses in parentheses were approved by the
Health, Labor, and Welfare Ministry in Japan. The study
period was 6 months. Age, height, bodyweight, body mass
index, history of non-vertebral fracture after menopause,
bone mass, and physical function (unipedal standing time
and chair-rising time) were assessed. Nonvertebral fractures
included fractures at the distal radius, proximal humerus,
rib, pelvis, clavicle, femur, and lower leg (a history of hip
fracture was selected as an exclusion criterion). Thoracic and
lumbar spine radiographs were obtained to assess prevalent
vertebral fractures. Blood and urine samples were obtained
for biochemical analysis, and the estimated glomerular
filtration rate (eGFR) was also calculated.

During the 6-month treatment period, ten women dropped
out from the study because of an acute phase reaction to
bisphosphonates (n=3), tooth extraction (n=2), diarrhea
(n=1), the onset of rheumatoid arthritis (n=1), a foot injury
(n=1), and surgery for a benign soft tissue tumor (n=1) or
venous varix (n=1). Ninety-six women (n=50 in the ED group
and n=46 in the control group) were included in the subse-
quent analyses. In the ED group, 26 women were treated with
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alendronate and 24 women were treated with risedronate. In
the control group, 24 women were treated with alendronate
and 22 women were treated with risedronate. The weekly
dosing regimen was used for both bisphosphonates. The uri-
nary cross-linked N-terminal telopeptides of type I collagen
(NTX) levels were measured before and after 3 months of
treatment, and the serum calcium, phosphorus, and alka-
line phosphatase (ALP) levels were measured before and
after 6 months of treatment. The unipedal standing time and
chair-rising time were evaluated before and after 6 months
of treatment. Changes in the biochemical markers, unipedal
standing time, and chair-rising time during the 6-month treat-
ment period were compared between the two groups.

Japanese diagnostic criteria

for postmenopausal osteoporosis

All the patients had been diagnosed as having osteoporosis
according to the Japanese diagnostic criteria.'*!* Namely,
patients with a BMD <70% of the young adult mean (YAM)
or 70%—-80% of the YAM along with a history of osteoporotic
fractures were diagnosed as having osteoporosis.

At present, BMD measurement using dual-energy X-ray
absorptiometry (DXA) is the most broadly established
method of evaluating bone mass. Quantitative ultrasound
(QUYS) is a more recently developed noninvasive method
of studying the bone density and structure in vivo. The
QUS parameters can predict the risk of hip, wrist, and total
non-vertebral fractures for up to 10 years.” QUS might
enable a better accounting of structural changes in the bone
than the traditional DXA method.!® However, because the
reliability of the speed of sound (SOS) of the calcaneus has
not been fully established, the diagnosis of osteoporosis was
made using both the SOS (<70% of the YAM or 70%—80%
of the YAM together with a history of osteoporotic fractures)
and X-ray findings of the spine (ie, presence of osteopenia
or possible osteopenia along with a history of osteoporotic
fractures) when QUS was utilized.

Assessment of morphometric

vertebral fractures

Plain lateral X-ray films of the thoracic and lumbar spine
were obtained and examined for evidence of prevalent
morphometric vertebral fractures. According to the Japanese
criteria, a vertebral fracture was defined according to the
vertebral height on lateral X-ray films.!>!3 Briefly, the
vertebral height was measured at the anterior (A), central (C),
and posterior (P) parts of the vertebral body, and the presence
of'a vertebral fracture was confirmed when: 1) a reduction in

the vertebral height of more than 20% (A, C, and P) compared
with the height of the adjacent vertebrae was observed, 2) the
C/A or C/P was less than 0.8, or 3) the A/P was less than 0.75.
The assessment for vertebral fractures was performed at the
T4-14 level.

Measurement of bone mass

DXA, which is regarded as the gold standard, was available
at the Keiyu Orthopaedic Hospital but not at either the Ibata
Orthropaedic Clinic or the Hiyoshi Medical Clinic. The
lumbar spine BMD was measured at the Keiyu Orthopaedic
Hospital, the metacarpal BMD was measured at the Ibata
Orthopaedic Clinic, and the calcaneus SOS was measured
at the Hiyoshi Medical Clinic.

At the Keiyu Orthopaedic Hospital, the BMD of the
lumbar spine (L1-L4) in the anteroposterior view was mea-
sured using DXA with a Hologic QDR 1500W apparatus
(Hologic, Bedford, MA, USA). The coefficient of variation
(CV) (100x standard deviation [SD]/mean) of five measure-
ments, with repositioning within 72 hours each time, was less
than 1.2% among three persons.

At the Ibata Orthopaedic Clinic, the BMD of the meta-
carpus was measured using a computed X-ray densitometer
(Teijin, Tokyo, Japan). An anteroposterior view radiograph
of bilateral hands and an aluminum step wedge (20 steps,
1 mm per step) was obtained for each subject and was used
as a standard. The BMD of the middle portion of the second
metacarpus on the left hand was measured. The densitom-
eter calculated the BMD based on the pattern expressed as
graduations on the aluminum step wedge, and the BMD
was expressed as the thickness of the aluminum equivalent
(mmALl) with a corresponding X-ray absorption. For these
measurements, the CV for the intraobserver error (based on
ten consecutive measurements by five persons), the daily
change error (based on measurements performed on ten
consecutive days), and the X-ray picturing error (based on
ten exposures) were all within 1.3%-3.8%.

At the Hiyoshi Medical Clinic, the SOS of the left cal-
caneus was measured using a QUS device (CM-200; Elk
Corp, Osaka, Japan). The CV of five measurements, with
repositioning within 24 hours each time, was 0.17%-0.43%
among three healthy adults and 0.25%-0.35% among three
osteoporotic patients.

Blood and urinary biochemical tests

and eGFR calculation
Serum and urine samples were obtained from each patient,
and the following biochemical analyses were performed.
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The serum calcium, phosphorus, ALP, aspartate amin-
otransferase, creatinine, hemoglobin, total protein, and
albumin levels were measured using standard laboratory
techniques. The urinary NTX level was measured using
an ELISA (enzyme-linked immunosorbent assay). The
eGFR was calculated using age and serum creatinine
as follows:'” eGFR (mL/min/1.73 m?) =194 X serum
creatinine™%* x age %7 x 0.739.

Assessment of physical function

The unipedal standing time for the left leg was assessed as an
index of body balance. Subjects stood on one leg for as long
as possible, with their eyes open, without using any assistive
device, and keeping both arms by their waist. This test was
ended once 60 seconds had elapsed,'® when the stance of the
foot shifted, when the lifted foot touched the floor, or when
the hands detached from the waist. The patients were not
allowed to press the lifted leg on to the standing leg.

The chair-rising time was assessed as an index of muscle
power. The five-repetition chair-rising time was measured
with the subject’s arms crossed over her chest. The chair-rising
time was the time required for the subjects to stand up from
a chair (45 cm in height) five times as quickly as possible
without using their arms, as measured using a stopwatch.

Statistical analysis

The per protocol set analysis was adopted. Data were
expressed as the mean + SD. An unpaired #-test was used
to compare baseline anthropometry, bone mass, biochemi-
cal markers, eGFR, and physical function parameters, and
the percentage changes in the biochemical markers and
five-repetition chair-rising times between the two groups.
The Fisher’s exact test was used to compare the number of
subjects with prevalent vertebral fractures and a history of
non-vertebral fractures and the number of subjects divided
by the unipedal standing time categories (0—29 seconds,
30-59 seconds, and 60 seconds) between the two groups.
The Kaplan—Meier estimates and log-rank test were used
to compare the unipedal standing time between the two
groups. A one-way analysis of variance (ANOVA) with
repeated measurements was used to examine longitudinal
changes in the serum calcium, phosphorus, ALP, urinary
NTX levels, and five-repetition chair-rising time within a
group. A two-way ANOVA with repeated measurements was
used to compare longitudinal changes in these parameters
between the two groups. All the statistical analyses were
performed using the Stat View J-5.0 program (SAS Institute,
Cary, NC, USA) and Excel Statistics (Social Survey Research

Information Co, Ltd, Tokyo, Japan). The significance level
was set at P<<0.01 for all the comparisons.

Results
Anthropometry, bone mass, prevalence
of vertebral fractures, and history

of non-vertebral fractures at baseline
Table 1 shows that the mean age of the participants was
69.1 years in the control group and 72.3 years in the ED
group. No significant differences in the baseline age, height,
bodyweight, body mass index, bone mass parameters (lum-
bar spine BMD, metacarpal BMD, and calcaneus SOS), the
number of subjects with prevalent vertebral fractures, or the
number of subjects with a history of non-vertebral fractures
were observed between the two groups. Eighteen women had
a history of non-vertebral fracture at the distal radius (n=9),
proximal humerus (n=2), rib (n=4), or lower leg (n=3), and
all the fractures had completely healed, as assessed using
plain radiographs.

None of the data regarding the anthropometry, bone mass,
prevalence of vertebral fractures, and history of non-vertebral
fractures at baseline differed significantly between the two

Table | Characteristics of study subjects

Control group  ED group P-value
(n=46) (n=50)
Age, years 69.149.9 723183 0.0947
Height, m 1.51£0.06 1.51+0.05 0.6292
Body weight, kg 522472 51.127.1 0.4897
Body mass index, kg/m?  22.742.5 22.5+3.3 0.7398
Lumbar spine BMD, 0.682+0.090 0.624+0.114  0.0537
glem? (n=24) (n=26)
% YAM in lumbar spine  67.8+9.2 61.6x11.4 0.0396
BMD
Metacarpal BMD, mmAl 1.89+0.28 1.81+0.21 0.4760
(n=11) (n=12)
% YAM in metacarpal 67.5+6.3 63.5£7.2 0.1704
BMD
Calcaneus SOS, m/sec 1,472+14 1,479+ 14 0.2454
(n=11) (n=12)
% YAM in calcaneus SOS  67.116.5 70.7+6.3 0.2871
Number (%) of subjects 16 (34.8%) 17 (34.0%) >0.9999
with prevalent vertebral
fractures
Number (%) of subjects 6 (13.0%) 12 (24.0%) 0.1986

with history of non-
vertebral fractures

Notes: Data are expressed as the mean * SD. An unpaired t-test and the Fisher’s
exact test were used to compare data between the two groups. Lumbar spine BMD
was measured in 50 subjects, metacarpal BMD was measured in 23 subjects, and
calcaneus SOS was measured in 23 subjects.

Abbreviations: BMD, bone mineral density; ED, eldecalcitol; NS, not significant;
SD, standard deviation; SOS, speed of sound; YAM, young adult mean.
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groups, even though ten women who dropped out of the study
were included in the analysis.

Biochemical markers and eGFR

at baseline

Table 2 shows that the baseline hemoglobin, serum total
protein, albumin, calcium, phosphorus, ALP, aspartate ami-
notransferase, creatinine, urinary NTX levels, and eGFR did
not differ significantly between the two groups.

None of the data regarding the biochemical markers and
eGFR at baseline differed significantly between the two
groups, even though ten women who dropped out of the
study were included in the analysis.

Physical function parameters at baseline

The mean baseline five-repetition chair-rising time in
96 women who were processed for the analyses was
10.1 seconds (range 4-26 seconds). The baseline five-
repetition chair-rising time did not differ significantly
between the two groups (10.5%4.1 seconds in the ED group
and 9.713.6 seconds in the control group) and the baseline
number (%) of subjects in each of the unipedal standing time
categories (0-29 seconds, 3050 seconds, and 60 seconds)
did not differ significantly between the two groups
(29 [58.0%], 7 [14.0%], and 12 [24.0%], respectively, in
the ED group and 21 [45.7%], 8 [17.4%], and 18 [39.1%],
respectively, in the control group). The Kaplan—Meier

Table 2 Biochemical markers and eGFR at baseline

Normal Control ED group P-value
range group (n=50)
(n=46)
Serum
Hemoglobin, g/dL 11.2-152  12.9£1.0 12.840.9 0.5273
Total protein, g/dL  6.5-8.2 7.310.6 7.1+£0.5 0.1018
Albumin, g/dL 3.7-5.2 4.240.3 4.210.3 0.3185
Calcium, mg/dL 8.4-10.2 9.2+0.4 9.2+0.4 0.6876
Phosphorus, mg/dL  2.5-4.5 3.310.5 34404 0.1244
ALP, IU/L 100-340 246190 261194 0.4154
AST, IU/L 11-35 23.5452  23.0+6.0 0.6925
Cr, mg/dL 047-0.79  0.6410.14 0.6310.12  0.6679
Urine
NTX (nmol 9.3-543  56.3%24.7 56.1£239 0.9710
BCE/mmol Cr)
eGFR, mL/min/ >60 724+157 7294173 08918
1.73 m?

Notes: Data are expressed as the mean + SD. An unpaired t-test was used to
compare data between the two groups.
Abbreviations: ALP, alkaline phosphatase; AST, aspartate aminotransferase; BCE,
bone collagen equivalent; Cr, creatinine; ED, eldecalcitol; eGFR, estimated glomerular
filtration rate; NS, not significant; NTX, cross-linked N-terminal telopeptides of
type | collagen; SD, standard deviation.

estimates and the log-rank test showed no significant
difference in the unipedal standing times between the two
groups (x?*=1.1348, P=0.2868).

None of the data regarding the physical function param-
eters at baseline differed significantly between the two
groups, even though ten women who dropped out from the
study were included in the analysis.

Changes in biochemical markers related

to calcium and bone metabolism

Table 3 and Figure 1 show that the serum calcium levels did
not change significantly from the baseline values in either
group (one-way ANOVA). The serum phosphorus level did
not change significantly from the baseline value in the ED
group but increased significantly from the baseline value in
the control group (one-way ANOVA). A significant difference
in the changes in the serum phosphorus levels from the base-
line values was observed between the two groups (two-way
ANOVA). The serum ALP and urinary NTX levels decreased
significantly from the baseline values in both groups (one-
way ANOVA), but no significant differences were observed
between the two groups (two-way ANOVA).

Table 4 shows that the mean rate of decrease in the urinary
NTX level was 40.0% in the control group and 33.1% in the
ED group. The respective mean rates of decrease in the serum
ALP levels were 17.7% and 20.1%. No significant differences
in the percentage changes in serum ALP and urinary NTX
levels were observed between the two groups. A significant
difference in the percentage changes in serum phosphorus
level, but not serum calcium level, was observed between
the two groups.

Table 3 One-way and two-way ANOVA with repeated
measurements (P-values)

One-way ANOVA
Control group ED group

Two-way ANOVA
Control vs ED

Serum
Calcium 0.5970 0.6092 0.8670
Phosphorus 0.0015 0.3794 0.0035
ALP <0.0001 <0.0001 0.2328
Urine
NTX <0.0001 <0.0001 0.5366
Five-repetition ~ 0.0875 <0.0001 0.0007

chair-rising time

Notes: A one-way ANOVA with repeated measurements was used to examine
longitudinal changes in the serum calcium, phosphorus, ALP, urinary NTX levels, and
five-repetition chair-rising time within a group. A two-way ANOVA with repeated
measurements was used to compare longitudinal changes in these parameters
between the two groups.

Abbreviations: ANOVA, analysis of variance; ALP, alkaline phosphatase; ED,
eldecalcitol; NS, not significant; NTX, cross-linked N-terminal telopeptides of type |
collagen.
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Figure | Changes in biochemical markers related to calcium and bone metabolism.
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Notes: A one-way ANOVA with repeated measurements was used to examine longitudinal changes in the serum calcium, phosphorus, ALP, and urinary NTX levels within
a group. A two-way ANOVA with repeated measurements was used to compare longitudinal changes in these parameters between the two groups.
Abbreviations: ALP, alkaline phosphatase; ANOVA, analysis of variance; BCE, bone collagen equivalent; Cr, creatinine; ED, eldecalcitol; NTX, cross-linked N-terminal

telopeptides of type | collagen.

Changes in physical function parameters
Table 3 and Figure 2 show that the five-repetition chair-rising
time did not change significantly in the control group (from
9.7 seconds to 9.2 seconds) but decreased significantly in
the ED group (from 10.5 seconds to 8.6 seconds) (one-way
ANOVA). A significant difference in the changes in the five-
repetition chair-rising time relative to the baseline value was
seen between the two groups (two-way ANOVA).

Table 4 shows that the mean rate of decrease in the five-
repetition chair-rising time was 2.8% in the control group
and 16.3% in the ED group. A significant difference in the

Table 4 Percentage changes in biochemical markers and five-
repetition chair-rising time

Control group ED group P-value

Serum

Calcium 0.56£5.63 0.37£3.82 0.8530

Phosphorus 8.3+15.4 —1.17+14.2 0.0024

ALP —17.7£18.0 —20.1+17.9 0.5192
Urine

NTX —40.0+20.4 —33.1+28.7 0.1780
Five-repetition -2.8+18.4 —16.3+£16.0 0.0002

chair-rising time

Notes: Data are expressed as the mean * SD. An unpaired t-test was used to
compare data between the two groups.

Abbreviations: ALP, alkaline phosphatase; ED, eldecalcitol; NS, not significant; NTX,
cross-linked N-terminal telopeptides of type | collagen; SD, standard deviation.

percentage changes in the five-repetition chair-rising time
was seen between the two groups.

The number of subjects among the unipedal standing time
categories (0—29 seconds, 3050 seconds, and 60 seconds)
after 6 months of treatment did not differ significantly
between the two groups (28 [56.0%], 6 [12.0%], and
16 [32.0%], respectively, in the ED group and 23 [50.0%],
15 [32.6%], and 8 [17.4%], respectively, in the control
group). The Kaplan—Meier estimates and log-rank test
showed no significant difference in the unipedal standing
time after 6 months of treatment between the two groups
(%*=0.9994, P=0.3175).

Adverse events

As mentioned above, during the 6-month treatment period,
ten women dropped out of the study. However, neither fall-
related fractures nor severe adverse events were observed in
any of the participants.

Discussion

We conducted an open-label randomized controlled trial to
clarify the effect of ED on physical function (muscle power
index, chair-rising time; and body balance index, unipedal
standing time) in postmenopausal osteoporotic women
treated with bisphosphonates. Although no significant
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Figure 2 Changes in five-repetition chair-rising time.

Notes: A one-way ANOVA with repeated measurements was used to examine
longitudinal changes in the five-repetition chair-rising time within a group. A two-
way ANOVA with repeated measurements was used to compare longitudinal
changes in this parameter between the two groups.

Abbreviations: ANOVA, analysis of variance; ED, eldecalcitol; sec, seconds.

improvement in the unipedal standing time was seen in
the ED group, compared with the control group, the five-
repetition chair-rising time decreased significantly in the ED
group (from 10.5 seconds to 8.6 seconds), compared with the
control group (from 9.7 seconds to 9.2 seconds). These results
suggested that ED improved the muscle power of postmeno-
pausal osteoporotic women treated with bisphosphonates.
Previously, we reported that the five-repetition chair-
rising time was longer in postmenopausal osteoporotic
women with a history of non-vertebral fracture than in
those without such fractures.' A randomized controlled trial
showed that the chair-rising exercise (muscle power training)
was more effective than the one-leg standing exercise (static
balance training) for improving dynamic body balance,
probably because the chair-rising exercise improved the
function of the quadriceps and gluteus medius muscles and
the joint movement of the lower extremities more effectively
than a one-leg standing exercise in patients with locomotive
disorders.”® Another randomized controlled trial also showed
that power training improved balance, particularly using
a low-load, high-velocity regimen, in older adults.?! The
Osteo-cise: Strong Bones for Life study provided information
on the efficacy of a targeted multi-modal community-based
exercise program incorporating high-velocity resistance
training together with osteoporosis education and a behav-
ioral change program for improving multiple risk factors for
falls and fractures.?? Thus, muscle power should be one of the
key factors in strategies for preventing falls in the elderly.
An observational study demonstrated that 6 months
of alfacalcidol treatment improved the parameters of the
timed up and go, chair-rising test, and tandem standing

test, leading to a decrease in the absolute numbers of fallers
and falls among elderly adults, with a creatinine clearance
of =65 mL/min.’ Another observational study also showed
that 6 months of alfacalcidol treatment improved the chair-
rising time and the parameters of the timed up and go and
tandem gait test in older adults.? These reports suggest that
not only the chair-rising time (muscle power) but also the
timed up and go (dynamic body balance) are key parameters
in elderly subjects with an increased risk of falls, and that
lateral balance, as evaluated by a tandem maneuver, is cor-
related with falls and fractures. The effects of alfacalcidol
on the chair-rising time (muscle power) and the timed up
and go (dynamic body balance) may be attributable to the
actions of vitamin D, including alfacalcidol, on type II fibers
(fast twitch) in the muscle.?* ED treatment improved muscle
power (chair-rising time) in the present study, suggesting
that ED acts on type II fibers (fast twitch) in muscle tissue.
This result partly explains the efficacy of ED against wrist
fractures'' in terms of physical function related to the risk
of falls and subsequent non-vertebral fractures in patients
with osteoporosis. '’

However, the unipedal standing time was not significantly
improved in the ED group, compared with the control group.
The reproducibility of the unipedal standing time measure-
ment in terms of the reliability of this parameter may be a
greater issue than the reproducibility of the five-repetition
chair-rising time. The average value of two or three measure-
ments should have been evaluated. Sihvonen et al® reported
that community-dwelling older adults with a history of hip
fracture had poor balance control, as evaluated using the semi-
tandem standing test with the subjects’ eyes closed. Schacht
and Ringe® reported that successful performance in the
muscle tests (timed up and go, chair-rising test, and tandem
gait test) was associated with a lower risk of falls and non-
vertebral fractures in elderly patients with a low bone mass.
These results suggest a relationship among body balance
evaluated using a tandem maneuver, the risk of falls, and
the risk of non-vertebral fractures in older adults. Thus, the
tandem gait test and the tandem standing test should have
been evaluated in the present study. Further studies are
needed to clarify the effect of ED on body balance as evalu-
ated using a tandem maneuver in postmenopausal women
with osteoporosis.

During the 6-month treatment period, the urinary NTX
and serum ALP levels decreased from baseline in both
groups, but these decreases did not differ significantly
between the two groups. A Phase III trial demonstrated that
ED decreased the urinary NTX and serum bone-specific ALP
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levels from the baseline values in patients with osteoporosis.'!
The rate of decrease in the urinary NTX level and the serum
bone-specific ALP level after 6 months of treatment were
reported to be approximately 27%—28%.!" This trial clearly
showed the anti-resorptive action of ED. Thus, the oversup-
pression of bone turnover was speculated to occur in patients
treated with bisphosphonates plus ED. However, a subgroup
analysis of a Phase III trial revealed that ED just normalized,
but did not overly suppress, bone turnover, regardless of the
baseline bone turnover markers.” In the present study, ED
treatment did not appear to suppress bone turnover further
in patients treated with bisphosphonates.

The limitations of the present study should be discussed.
First, the method used to measure bone mass for the diagnosis
of osteoporosis differed among the three outpatient clinics.
DXA, which is regarded as the gold standard, was available
only at one outpatient clinic, and other methods were utilized
at the other two outpatient clinics. Therefore, the inclusion and
exclusion of patients eligible for participation in the present
study might have been somewhat biased. Second, we did not
evaluate vitamin D insufficiency/deficiency by measuring
the serum 25-hydroxyvitamin D levels. In Japan, vitamin D
supplementation is uncommon, and the measurement of serum
25-hydroxyvitamin D levels is not covered by health insurance.
Because low serum levels of 25-hydroxyvitamin D are cor-
related with an increased risk of falls, and vitamin D supple-
mentation reduces the incidence of falls in the elderly,®*"
evaluating the vitamin D status is important. Third, the present
study was not powered to test the effect of ED on the inci-
dence of falls, and the significance of the decrease in the five-
repetition chair-rising time (1.9 seconds, from 10.5 seconds
to 8.6 seconds) in the ED group remains uncertain. Further
studies are needed to resolve these limitations.

In conclusion, an open-label randomized controlled
trial was conducted to clarify the effect of ED (a new active
vitamin D, analog) on body balance (unipedal standing time)
and muscle power (chair-rising time) in postmenopausal
osteoporotic women treated with bisphosphonates. Although
the changes in the unipedal standing time did not differ
significantly between the two groups, the five-repetition
chair-rising time decreased significantly in the ED group,
compared with the control group. These results suggested that
ED improved muscle power in postmenopausal osteoporotic
women treated with bisphosphonates.
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