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Background: The present study evaluated the efficacy of a combination of ibandronate and cholecalciferol on the restoration of
the levels of 25-hydroxyvitamin D (25[OH]D) and various bone markers in postmenopausal women with osteoporosis.

Methods: This was a randomized, double-blind, active-controlled, prospective 16-week clinical trial conducted in 20 different
hospitals. A total of 201 postmenopausal women with osteoporosis were assigned randomly to one of two groups: the IBN group,
which received a once-monthly pill containing 150 mg ibandronate (2=99), or the IBN+ group, which received a once-monthly
pill containing 150 mg ibandronate and 24,000 IU cholecalciferol (n=102). Serum levels of 25(OH)D, parathyroid hormone
(PTH), and various bone markers were assessed at baseline and at the end of a 16-week treatment period.

Received: 2 June 2014, Revised: 22 July 2014, Accepted: 29 September 2014  Copyright © 2015 Korean Endocrine Society

Corresponding author: Moo-Il Kang This is an Open Access article distributed under the terms of the Creative Com-
Department of Endocrinology and Metabolism, Seoul St. Mary’s Hospital, mons Attribution Non-Commercial License (http://creativecommons.org/
College of Medicine, The Catholic University of Korea, 222 Banpo-daero, licenses/by-nc/3.0/) which permits unrestricted non-commercial use, distribu-
Seocho-gu, Seoul 06591, Korea tion, and reproduction in any medium, provided the original work is properly

Tel: +82-2-2258-6006, Fax: +82-2-599-3589, E-mail: mikang@catholic.ac.kr  cited.

7797 www.e-enm.org


http://crossmark.crossref.org/dialog/?doi=10.3803/EnM.2015.30.3.272&domain=pdf&date_stamp=2015-09-22

Ibandronate and Cholecalciferol in Postmenopausal Women with Osteoporosis E n M

Results: After 16 weeks of treatment, the mean serum levels of 25(OH)D significantly increased from 21.0 to 25.3 ng/mL in the
IBN+ group but significantly decreased from 20.6 to 17.4 ng/mL in the IBN group. Additionally, both groups exhibited signifi-
cant increases in mean serum levels of PTH but significant decreases in serum levels of bone-specific alkaline phosphatase and
C-telopeptide of type 1 collagen (CTX) at 16 weeks; no significant differences were observed between the groups. However, in
subjects with a vitamin D deficiency, IBN+ treatment resulted in a significant decrease in serum CTX levels compared with IBN
treatment.

Conclusion: The present findings demonstrate that a once-monthly pill containing ibandronate and cholecalciferol may be useful
for the amelioration of vitamin D deficiency in patients with postmenopausal osteoporosis. Moreover, this treatment combination
effectively decreased serum levels of resorption markers, especially in subjects with a vitamin D deficiency, over the 16-week
treatment period.
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INTRODUCTION

Although bisphosphonates are potent antiresorptive drugs and
the most widely prescribed pharmacotherapy for the treatment
of osteoporosis, the persistence and compliance rates of patients
taking bisphosphonates are suboptimal [1]. This is likely be-
cause the use of bisphosphonates require the patient to fast
overnight, take the pill with a full glass of water, and sit or stand
upright for 30 minutes prior to having their first meal or drink of
the day. Moreover, there is a high prevalence of osteoporosis in
the elderly population, and these patients are more likely to have
coexisting cognitive dysfunctions or take multiple drugs to
combat other diseases [2]. Therefore, the poor adherence rates
for bisphosphonates are likely due to the complexities and side
effects of these medications, which include gastrointestinal
problems. It is possible that a reduction in the dosing frequency
of oral bisphosphonates may improve patient compliance and
persistence.

An adequate intake of vitamin D is crucial for the achieve-
ments of optimal calcium metabolism, bone mineralization, and
skeletal health in patients with osteoporosis. A vitamin D insuf-
ficiency increases serum levels of parathyroid hormone (PTH),
activates osteoclasts, and reduces bone mineralization, which in
turn lead to aggravation of osteoporosis or the development of
osteomalacia [3]. Vitamin D deficiencies are a common afflic-
tion among postmenopausal women worldwide but especially
among the Korean population, which has the lowest mean se-
rum 25-hydroxyvitamin D (25[OH]D) levels in the world [4].
To improve vitamin D status, a combination of calcium and vi-
tamin D supplements is often prescribed, but many patients do
not tolerate this mixture very well [5], and calcium-related ad-
verse effects, such as gastrointestinal irritation, flatulence, and
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constipation, are often experienced.

Therefore, two strategies have been developed to overcome
the low compliance rates for bisphosphonates and the high
rates of vitamin D deficiency: (1) less frequent dosing intervals
for bisphosphonates and (2) the administration of bisphospho-
nate and vitamin D in a combined form. The present study is
the first clinical trial of a single, once-monthly pill that contains
ibandronate (150 mg) and cholecalciferol (24,000 IU). This
study was designed to evaluate the efficacy of this combination
pill on the restoration of 25(OH)D and bone marker levels in
postmenopausal women with osteoporosis. Additionally, the
present study assessed the safety of this medication.

METHODS

Study design
The present study was a multicenter, randomized, double-blind,
active-controlled, prospective 16-week clinical trial conducted
between December 2011 and September 2012 at 20 different
hospitals in Korea. All subjects were postmenopausal females
40 years of age or older. Patients qualified for inclusion if they
had a bone mineral density (BMD) T-score of -2.5 or lower for
the mean lumbar spine, femoral neck, or total; or a T-score of
-1.0 or lower with an osteoporotic fracture of at least one verte-
bra. At least 3 months prior to screening, all BMD measure-
ments were obtained using dual energy X-ray absorptiometry.
Menopause was defined based on the presence of at least one
of the following criteria: (1) the spontaneous discontinuation of
menstruation for at least 12 months; (2) having a serum follicle-
stimulating hormone level above 40 IU/L with a history of hys-
terectomy or with no menstruation for 6 to 12 months; or (3) the
absence of menstruation for a duration longer than 6 weeks after
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a bilateral oophorectomy. Patients with abnormal thyroid func-
tion, a history of malignancy, uncontrolled hypercalcemia, or
hypocalcemia, chronic diseases known to affect bone metabo-
lism (such as chronic liver disease, chronic alcoholism, and pri-
mary hyperparathyroidism), contraindications to oral bisphos-
phonates (such as esophageal strictures, gastrointestinal malab-
sorption, and renal insufficiency), and/or 25(OH)D levels less
than 9 ng/mL were excluded from the study. Additionally, those
patients taking agents known to affect bone or calcium metabo-
lism, with metabolic bone diseases other than osteoporosis, tak-
ing more than 200 IU vitamin D per day in the 3 months prior to
screening, and who had taken bisphosphonates with an insuffi-
cient washout period were also excluded from the study. Inap-
propriate washout periods were defined as follows: having been
administered intravenous bisphosphonates within the 2 years
before screening, a period of less than 2 months for patients
who had taken oral bisphosphonates for less than 2 weeks, a pe-
riod less than 6 months for patients who had taken oral bisphos-
phonates for more than 2 weeks but less than 8 weeks, a period
less than 1 year for people who had taken oral bisphosphonates
for more than 8 weeks but less than 48 weeks, and a period less
than 2 years for people who had taken oral bisphosphonates for
more than 48 weeks. Institutional Review Board approval was
obtained from all participating hospitals, and all participants
provided written informed consent.

All patients were assigned randomly to one of two groups:
the IBN group, which received a once-monthly pill containing
150 mg ibandronate (2=99), or the IBN+ group, which re-
ceived a once-monthly pill containing 150 mg ibandronate and
24,000 IU cholecalciferol (n=102). All patients were instructed
to take their assigned pill in the morning after an overnight fast,
to stay upright for at least 1 hour after taking the pill, and not to
ingest any food, beverages (except water), or other medications
for at least 1 hour. All patients were instructed to take one pill
every 4 weeks over a 16-week period (four doses at 0, 4, 8, and
12 weeks from the first dose) and received a daily supplement
of 500 mg elemental calcium. The patients were not allowed to
take any additional vitamin D supplements, and all were pro-
vided with a topical sunblock cream to avoid exposure to sun-
light. Additionally, the patients were provided with acetamino-
phen to treat any influenza-like illnesses or pain that may have
occurred with the treatment, based on need.

Evaluations of efficacy and safety
The primary endpoint in the present study was defined as the
change in 25(OH)D levels from baseline to 16 weeks of treat-
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ment. The levels of 25(OH)D were measured using a radioim-
munoassay (DIAsource ImmunoAssays, Louvain-la-Neuve,
Belgium) with an intra-assay coefficient of variation (CV) of
7.3% to 8.8% and an interassay CV of 7.2% to 7.3%. The sec-
ondary endpoints were defined as parameters of efficacy, includ-
ing changes in PTH levels as measured by an electrochemilumi-
nescence immunoassay (Roche Ltd., Mannheim, Germany; in-
tra-assay CV of 1.1% to 2.0% and interassay CV of 2.5% to
3.4%), changes in bone-specific alkaline phosphatase (BSAP)
levels as measured by an enzyme immunoassay (QUIDEL
Corp., San Diego, CA, USA; intra-assay CV of 3.9% to 5.8%
and interassay CV of 5.0% to 7.6%), changes in C-telopeptide of
type 1 collagen (CTX) levels as measured by an electrochemilu-
minescence immunoassay (Roche Ltd.; intra-assay CV of 1.0%
to 5.5% and interassay CV of 2.7% to 7.6%), and changes in se-
rum calcium and phosphorus levels at 16 weeks of treatment.

The IBN and IBN+ groups were each classified into three
subgroups according to baseline 25(OH)D levels: (1) vitamin
D-sufficient (baseline 25(OH)D =20 ng/mL); (2) moderately
vitamin D-deficient (baseline 25(OH)D =10 and <20 ng/mL);
and (3) vitamin D-deficient (baseline 25(OH)D <10 ng/mL).
And we also compared changes in 25(OH)D levels among
three subgroups. Additionally, the laboratory tests performed
for each patient included a complete blood cell count, a liver
function test, and electrolyte measurements. The laboratory
tests, primary endpoint, included 25(OH)D levels, and second-
ary endpoints were measured at baseline, 8, and 16 weeks of
the treatment period.

The safety of the treatments was monitored using patient re-
ports of all adverse clinical events and laboratory experiences
and the use of any non-study medications during the treatment
period. Adverse events could be reported in person at the 8- and
16-week visits or by phone at any time throughout the study.

Statistical analysis

All analyses were performed on an intention-to-treat basis. The
efficacy analyses were conducted using only patients who took
at least one dose of the study medication and for whom at least
one efficacy parameter was measured after randomization. To
compare differences between the treatment groups, either a ¢ test
or the Wilcoxon rank sum test and the chi-square test or the Fish-
er exact test were used, depending on the distribution of the data.
Likewise, either a paired ¢ test or the Wilcoxon signed-rank test
was used to compare pretreatment and posttreatment data within
a group based on the distribution. Safety analyses were conduct-
ed for all patients who took at least one dose of the study medi-
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cation. A P<0.05 was considered to be statistically significant.

RESULTS

Baseline characteristics of the patients

A total of 201 patients were enrolled in the present study, of
whom 102 were assigned to the IBN+ group and 99 to the IBN
group. The dispositions of the participants are detailed in Fig. 1.
All participants were female, and no significant differences
were observed in the baseline characteristics between the two
groups (Table 1). At baseline, the percentages of patients with
serum 25(OH)D levels <20 ng/mL were 53.1% in the IBN+
group and 60.0% in the IBN group.

Efficacies of the treatments

In the IBN+ group, the mean serum level of 25(OH)D exhibited
a significant increase after 16 weeks of treatment (baseline,
21.0+10.4 ng/mL; 8 weeks, 24.8+9.00 ng/mL; and 16 weeks,
25.3+9.9 ng/mL; P<0.05), while that in the IBN group signifi-
cantly decreased (baseline, 20.6+9.3 ng/mL; 8 weeks, 18.3+
7.4 ng/mL; and 16 weeks, 17.419.2 ng/mL; P<0.001) (Fig. 2).
The changes in the distribution of patients according to 25(OH)
D levels after 16 weeks of treatment are shown in Fig. 3. The
proportion of patients with a 25(OH)D level >20 ng/mL after
16 weeks of treatment increased from 46.9% to 63.5% in the
IBN+ group but decreased from 40.0% to 26.3% in the IBN

group. Moreover, after 16 weeks of treatment, no patients in the
IBN+ group exhibited a 25(OH)D level <10 ng/mL while 4.2%
of patients in the IBN group did.

Compared with baseline, the CTX and BSAP levels exhibit-
ed a significant decrease after 16 weeks of treatment in both
groups but with no significant differences between the two
groups. The level of PTH significantly increased in both groups
after 16 weeks of treatment, but no significant differences were
observed between the two groups. Additionally, there were sig-
nificant decreases in the serum calcium and phosphorous levels
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Fig. 2. Changes in mean serum 25(OH)D levels over the 16-week
treatment period. IBN+, the group which received a once-monthly
pill containing 150 mg ibandronate and 24,000 IU cholecalciferol;
IBN, the group which received a once-monthly pill containing
150 mg ibandronate; 25(OH)D, 25-hydroxyvitamin D. “P<0.001.
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Fig. 1. Randomization scheme and patient disposition. IBN+, the group which received a once-monthly pill containing 150 mg ibandro-
nate and 24,000 IU cholecalciferol; IBN, the group which received a once-monthly pill containing 150 mg ibandronate.
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Table 1. Baseline Characteristics of the Participants
Characteristic IBN+ (n=101) IBN (n=98) P value
Age, yr 64.0£7.0 64.0£7.0 NS
Height, cm 153.9+£5.1 154.0£5.3 NS
Weight, kg 552+7.7 56.5£8.3 NS
Alcohol history NS
Non 81(80.2) 85 (86.7)
Quit 13 (12.9) 11(11.2)
Drinking 7(6.9) 2(2.1)
Smoking history NS
Non 99 (98.0) 96 (98.0)
Smoking 2(2.0) 2(2.0)
BMD NS
-2.5<T-score=-1.0 12 (11.9) 12 (12.2)
T-score =-2.5 89 (88.1) 86 (87.8)
25(OH)D, ng/mL 21.04+£10.42  20.55+9.25 NS
<20 51(53.1) 57 (60.0) NS
=20 45 (46.9) 38 (40.0)
PTH, ng/L 39.9+13.4 39.0+12.6 NS
Calcium, mg/dL 9.07+0.37 9.01+0.39 NS
Phosphorus, mg/dL 3.91+0.40 3.881+0.43 NS
Bone markers
BSAP, U/L 35.6+11.5 36.8+12.6 NS
CTX, ng/mL 0.39+0.18 0.37+0.18 NS
Values are expressed as mean+SD or number (%).
IBN+, the group which received a once-monthly pill containing 150
mg ibandronate and 24,000 IU cholecalciferol; IBN, the group which
received a once-monthly pill containing 150 mg ibandronate; NS, not
significant; BMD, bone mineral density; 25(OH)D, 25-hydroxyvita-
min D; PTH, parathyroid hormone; BSAP, bone-specific alkaline
phosphatase; CTX, C-telopeptide of type 1 collagen.
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Fig. 3. Changes in the distribution of patients according to 25-hy-
droxyvitamin D (25[OH]D) levels after the 16-week treatment peri-
od. IBN+, the group which received a once-monthly pill containing
150 mg ibandronate and 24,000 IU cholecalciferol; IBN, the group
which received a once-monthly pill containing 150 mg ibandronate
treatment period, grouped by baseline 25(OH)D levels.
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Table 2. Changes in the Serum Levels of 25(OH)D, Bone
Turnover Markers, Parathyroid Hormone, Calcium, and Phos-
phorus after the 16-Week Treatment Course
Variable IBN+ IBN P value
25(0OH)D, ng/mL
Baseline 21.0£10.4 20.6%£9.3 NS*
16-wk 253499 17.44£9.2 <0.001*
P value <0.001° <0.001°
CTX, ng/mL
Baseline 0.39£0.18 0.37£0.18 NS*
16-wk 0.1940.13 0.2040.15 NS*
P value <0.001° <0.001°
BSAP, U/L
Baseline 35.6+11.5 36.8+12.6 NS*
16-wk 24.8+7.8 13.944.5 NS*
P value <0.001° <0.001°
PTH, ng/L
Baseline 39.9+13.4 39.0£12.6 NS*
16-wk 42.6+15.5 45.9+17.0 NS*
P value <0.05° <0.001°
Calcium, mg/dL
Baseline 9.1+£0.4 9.0+0.4 NS¢
16-wk 8.8+0.5 8.7£0.5 NS§*
P value <0.001¢ <0.001°
Phosphorous, mg/dL
Baseline 3.9+04 3.9+0.4 NS¢
16-wk 3.6%0.5 3.7£0.5 NS
P value <0.001¢ <0.001°
Values are expressed as mean=+SD.
25(0OH)D, 25-hydroxyvitamin D; IBN+, the group which received a
once-monthly pill containing 150 mg ibandronate and 24,000 IU cho-
lecalciferol; IBN, the group which received a once-monthly pill con-
taining 150 mg ibandronate; NS, not significant; CTX, C-telopeptide
of type 1 collagen; BSAP, bone-specific alkaline phosphatase; PTH,
parathyroid hormone.
“Wilcoxon’s rank sum test; "Wilcoxon’s signed rank test; °¢ test;
“Paired ¢ test.

in both groups after 16 weeks of treatment but with no signifi-
cant between-group differences (Table 2).

The IBN+ and IBN groups were each divided into three sub-
groups based on baseline 25(OH)D levels, and the changes in
these levels after 16 weeks of treatment from baseline were as-
sessed for each subgroup. Within the IBN+ group, there were
significant increases in 25(OH)D levels in the vitamin D-defi-
cient and moderately vitamin D-deficient subgroups, but no
changes were observed in the vitamin D-sufficient subgroup.
Within the IBN group, there were no significant changes in

Copyright © 2015 Korean Endocrine Society
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Table 3. Changes in the Mean Serum Levels of 25(OH)D and CTX after the 16-Week Treatment Course, Grouped by Baseline
25(0OH)D Levels
Variable 25(OH)D, ng/mL CTX, ng/mL
IBN+ IBN P value IBN+ IBN P value
Baseline 25(OH)D, ng/mL
<10
No. 11 6 11 6
Baseline 82+14 9.41+0.5 <0.05* 0.34+0.12 0.40+0.20 NS*
16-wk 20.5+£7.2 11.8+4.3 <0.05* 0.161+0.11 0.22+0.21 NS*
P value <0.001¢ NS* <0.001¢ NS¢
>10to <20
No. 40 51 40 51
Baseline 15.1£2.5 153£29 NS 0.41£0.20 0.36+0.18 NSP
16-wk 234493 14.0+4.5 <0.001° 0.22£0.17 0.20£0.16 NSP
P value <0.001¢ NS¢ <0.001° <0.001¢
=20
No. 45 38 45 38
Baseline 29.5£9.1 29.4£8.1 NSP 0.38+0.18 0.37x0.18 NSP
16-wk 28.2£10.2 229+11.5 <0.05" 0.18£0.10 0.21£0.13 NSP
P value NS¢ <0.001¢ <0.001¢ <0.001¢
Values are expressed as mean+SD.
25(0OH)D, 25-hydroxyvitamin D; CTX, C-telopeptide of type 1 collagen; IBN+, the group which received a once-monthly pill containing 150 mg
ibandronate and 24,000 IU cholecalciferol; IBN, the group which received a once-monthly pill containing 150 mg ibandronate; NS, not significant.
it test; "Wilcoxon’s rank sum test; “Paired ¢ test; “Wilcoxon’s signed rank test.

25(OH)D levels in the vitamin D-deficient or moderately vita-
min D-deficient subgroups, but there was a significant decrease
in the vitamin D-sufficient subgroup (Table 3). Additionally,
after 16 weeks of treatment, there was a significant decrease in
the CTX levels of the vitamin D-deficient subgroup of IBN+
but not in vitamin D-deficient IBN patients (Table 3).

Safety

The overall incidence rates of adverse events (48.7% in the
IBN+ group and 51.3% in the IBN group) did not differ signifi-
cantly between the groups. Generalized pain and headaches
were the most frequently reported adverse effects for both
groups (19.8% and 16.8% in the IBN+ group vs. 21.4% and
16.3% in the IBN group, respectively) and gastrointestinal dis-
comfort occurred in 14.9% of IBN+ patients and 14.3% of IBN
patients. No serious drug-related adverse events or fatal out-
comes occurred during the study, and no laboratory-related ad-
verse events, such as hypercalcemia or hyperphosphatemia,
were reported.

Copyright © 2015 Korean Endocrine Society

DISCUSSION

In the present study, female patients with postmenopausal os-
teoporosis who took a single once-monthly pill containing both
ibandronate (150 mg) and cholecalciferol (24,000 IU) exhibit-
ed a significant increase in serum 25(OH)D levels after 16
weeks of treatment. Moreover, there was a significant increase
in the proportion of patients with sufficient vitamin D levels (=
20 ng/mL), and none of the patients exhibited a vitamin D defi-
ciency (<10 ng/mL) after 16 weeks of treatment.

The nature of optimal vitamin D status remains controversial.
The Endocrine Society defines the lower limit of the normal
range as a 25(OH)D concentration of 30 ng/mL [6], while the
Institute of Medicine considers 20 ng/mL as the lower limit of
the normal range [7]. In Korea, widespread vitamin D deficien-
cy exists, even when the more liberal definition of the lower
limit of the normal range (20 ng/mL) is applied [4,8]. The high
prevalence of vitamin D deficiency in Korea may be due to be-
havioral factors, such as an indoor lifestyle, the use of sun-
screen, and the low consumption of vitamin D-fortified foods
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[9]. In fact, in the present study, the IBN group exhibited a de-
crease in mean serum 25(OH)D levels, which may be due to the
study requirements of direct sunlight avoidance and sunscreen
use and the restrictions regarding use of other vitamin D supple-
ments. Therefore, supplementation with an adequate amount of
vitamin D is essential for the optimal treatment of osteoporosis.

Several expert societies, including the Korean Society for
Bone and Mineral Research, suggest that adults 50 years of age
and older should supplement with 800 to 1,000 IU of vitamin D
per day [6,10,11]. Based on this recommendation, a majority of
studies have investigated the efficacies of regimens using daily
combination pills containing 800 to 1,000 IU vitamin D and a
bisphosphonate for the treatment of osteoporosis. For example,
a once-weekly pill containing risedronate (35 mg) and chole-
calciferol (5,600 IU) increased the mean serum 25(OH)D lev-
els of subjects by 12.3 ng/mL after a 16-week treatment course
[9]. In the present study, a single once-monthly pill containing
ibandronate (150 mg) and cholecalciferol (24,000 IU) increased
the mean serum 25(OH)D levels of patients by 4.2 ng/mL after
a 16-week treatment period. Taken together, these results dem-
onstrate that a weekly dose of 5,600 IU cholecalciferol caused
a greater increase in mean serum 25(OH)D levels than did a
monthly dose of 24,000 IU cholecalciferol, even though both
drugs provide an equivalent 800 U dose of vitamin D per day.
Shorter dosing intervals are more effective in raising the serum
concentrations of 25(OH)D than are longer intervals [12], but
this finding is difficult to interpret because this particular study
did not directly compare such treatment groups.

In the present study, the increase of serum 25(OH)D levels
was most striking in patients who had low serum vitamin D lev-
els prior to treatment (baseline 25(OH)D, <20 ng/mL). On the
other hand, the serum 25(OH)D levels of patients with sufficient
levels at baseline (25[OH]D, =20 ng/mL) did not increase. This
suggests a low risk of vitamin D intoxication when taking a
monthly treatment regimen of 24,000 IU cholecalciferol. In
fact, vitamin D doses of up to 4,000 IU per day and 50,000 [U
per week have been administered to patients without any ad-
verse toxic effects [13,14]. Similarly, there were no side effects
associated with excessive vitamin D supplementation, such as
hypercalcemia or hyperphosphatemia, observed in the present
study.

Bisphosphonate therapy increases the PTH levels of osteo-
porosis patients via a subclinical decrease in serum calcium
levels caused by an inhibition in bone resorption [15]. The
present study found that, although there were significant in-
creases in the PTH levels in both treatment groups (but no sig-
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nificant between-group differences), this change was smaller in
the IBN+ group than the IBN group. It is possible that treat-
ment with a bisphosphonate in combination with vitamin D in-
creases intestinal calcium absorption, which in turn, results in a
slight decrease in PTH levels.

Although changes in BMD were not measured in the present
study, there were significant decreases in the levels of represen-
tative bone turnover markers in both treatment groups after 16
weeks of treatment. An earlier decrease in bone turnover mark-
ers is related to long-term increases in BMD in patients treated
with bisphosphonates [16]. The present study also found a sig-
nificant decrease in the CTX levels of IBN+ patients with a vi-
tamin D deficiency, but not in vitamin D-deficient IBN pa-
tients. Thus, ibandronate and cholecalciferol combination ther-
apy reduced CTX levels in subjects with a vitamin D deficien-
cy more effectively than did ibandronate-only therapy. Correc-
tions in vitamin D status are an important component in the
treatment of osteoporosis patients, and vitamin D supplementa-
tion is an easily modifiable treatment modality that can drive a
favorable bisphosphonate response [17].

The present study had several limitations. First, 25(OH)D
levels in the present study may have been affected by seasonal
variations, in that they tend to be low in late winter or spring
and to peak in autumn [18], as a result of seasonal variations in
the amount of sunlight; the present study was conducted from
winter to autumn. However, all patients in the present study
were provided with a topical sunblock cream to minimize the
effects of sunlight exposure. Additionally, there were no differ-
ences in the season when patients were enrolled in the both
treatments. Second, the duration of the treatment period (16
weeks) was too short to properly assess changes in BMD and
the related risk of fracture. Future studies evaluating the long-
term efficacy and safety of potential treatments for osteoporo-
sis are crucial for the identification and characterization of
novel approaches. Third, the present study did not address con-
cerns regarding patient compliance with the treatment regimen.
There has been a recent increase in concern regarding the car-
diovascular risks associated with calcium supplementation reg-
imens [19]. The American Society for Bone and Mineral Re-
search recommend that calcium-containing foods are the best
source of calcium intake and that supplementation should oc-
cur only in cases of deficient dietary calcium intake [20].
Therefore, if a patient is using food as their primary source of
calcium intake while taking a bisphosphonate-vitamin D com-
bination pill, then this convenient option may improve compli-
ance in osteoporosis treatments.

Copyright © 2015 Korean Endocrine Society
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The present study demonstrated that combination therapy of
ibandronate and cholecalciferol was highly efficacious in in-
creasing the 25(OH)D serum levels in patients with osteoporo-
sis and in mediating an early decrease in bone markers in vita-
min D-deficient osteoporosis patients. Therefore, a combina-
tion pill containing both ibandronate and cholecalciferol may
be useful for the treatment of osteoporosis in postmenopausal
women with vitamin D deficiency.

In patients with postmenopausal osteoporosis, a once-
monthly pill of ibandronate and cholecalciferol appears to be a
promising and efficacious treatment regimen with antiresorp-
tive effects that can aid in the maintenance of optimal vitamin
D status without any adverse events.
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