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Purpose: This study investigated the efficacy and safety of monthly risedronate, with and 

without cholecalciferol, on 25-hydroxyvitamin D (25[OH]D) levels and bone markers in Korean 

patients with osteoporosis.

Methods: A randomized, double-blinded, prospective, 16-week clinical trial was conducted in ten 

hospitals. A total of 150 subjects with osteoporosis were randomized to one of the two treatment 

groups: RSDM+ (monthly risedronate 150 mg and cholecalciferol 30,000 IU combined in a 

single pill, n = 74) or RSDM (monthly risedronate 150 mg alone, n = 76). We measured serum 

levels of 25-hydroxyvitamin D (25[OH]D), parathyroid hormone (PTH), and bone markers, as 

well as performing muscle-function tests at baseline and after 16 weeks of treatment.

Results: After 16 weeks, serum 25(OH)D levels significantly increased from 17.8 to 

26.8 ng/mL in the RSDM+ group, but did not change in the RSDM group. The RSDM+ group 

exhibited significantly decreased serum PTH from 46 to 36.7 pg/mL, while the RSDM group 

showed a tendency for PTH to increase from 38 to 40.6 pg/mL. In both groups, serum bone-

specific alkaline phosphatase and C-terminal telopeptide rapidly declined, with significance at 

16 weeks; there were no significant differences between the groups.

Conclusion: A once-monthly pill of risedronate and cholecalciferol provided equivalent 

antiresorptive efficacy to risedronate alone in terms of bone turnover and improved 25(OH)D 

levels over the 16-week treatment period without significant adverse events in Korean patients 

with osteoporosis.
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Introduction
Many pharmacologic treatments for osteoporosis have demonstrated the ability to 

improve bone mineral density (BMD) and reduce fractures compared to placebo 

in randomized, controlled trials.1 Bisphosphonates are the most commonly used 

medication for treatment of osteoporosis because of their efficacy. However, 

osteoporosis is a chronic disorder that needs long-term treatment, and bisphosphonate 

nonadherence is extremely common due to its complexity and adverse events of 

medication. Most patients discontinue bisphosphonates for osteoporosis therapy within 

1 year.2 One strategy to address the problem has been to reduce the frequency of the 

dose of bisphosphonates. Nowadays, oral bisphosphonates have been developed as a 

daily, weekly, and monthly administration.3

Although there has been some debate on the optimal serum level of 25-hydroxyvitamin 

D (25[OH]D) for skeletal health, vitamin D is important for bone mineralization and 
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skeletal health.4 Vitamin D recommendation is an essential 

treatment modality for osteoporosis. However, despite 

physicians’ recommendations, the percentage of regular 

vitamin D intake among patients with osteoporosis is low.5 

Therefore, the development of a single-pill combination 

of bisphosphonates and vitamin D has been a subject of 

interest to improve patient compliance and vitamin D 

supplementation. Although a fixed-dose combination of 

weekly bisphosphonates and vitamin D has been introduced 

for the treatment of osteoporosis,6,7 no published data 

are available with respect to the efficacy of a fixed-dose 

combination of monthly medication. Therefore, this study 

was designed to assess the efficacy of once-a-month tablets 

containing risedronate 150 mg and cholecalciferol 30,000 IU, 

compared to that of the monthly risedronate alone, in terms 

of correction of 25(OH)D level and reduction in bone 

turnover.

Methods
Study design
This 16-week, randomized, double-blind, active-controlled 

study was conducted at ten centers in South Korea to 

determine the efficacy of once-a-month, single pills of 

risedronate 150 mg and cholecalciferol 30,000 IU. The trial 

was conducted between November 2009 and August 2010. 

The institutional review boards of the investigational centers 

provided ethical approval of the study, and informed consent 

was obtained from all participating subjects.

Postmenopausal women were eligible for inclusion if 

they had a bone mineral density T-score of #−2.5 at the 

mean lumbar spine (L1–4), femoral neck, or total, or if 

they had a T-score of #−1.0 with radiologic evidence of at 

least one vertebral fracture. Menopause was defined as the 

cessation of natural menstruation for at least 1 year and a 

serum follicle-stimulating hormone level .40 IU/L, with 

a reported hysterectomy. We excluded patients who had 

contraindications to oral bisphosphonates, such as esophageal 

strictures, renal failure, and low levels of 25(OH)D (less than 

9 ng/mL). Previous use of oral bisphosphonates and vitamin D 

were allowed, but a washout period was needed, depending 

on the duration of treatment. A 2-year washout period was 

needed for bisphosphonate users and a 3- to 6-month period 

was required for vitamin D users of .200 IU.

Participants were evaluated for eligibility by dual energy 

X-ray absorptiometry and routine biochemical assay at each 

center, and their 25(OH)D levels were determined (RIA 

[interassay coefficient of variability {CV}, 10.8%; intra-assay 

CV, 9.4%]; Diasorin, Stillwater, MN, USA). Patients were 

randomized into two groups: RSDM+ (risedronate 150 mg 

with cholecalciferol 30,000 IU once monthly) and RSDM 

(monthly risedronate 150 mg alone). All participants also 

received 500 mg of elemental calcium supplements daily. 

A single-pill combination of RSDM+ was provided by Hanlim 

Pharmaceutical (Seoul, South Korea), and permission was 

granted by the Korean Food and Drug Administration Board 

Committee to conduct the clinical trial. Participants were not 

allowed to take any additional vitamin D supplements and 

were asked to limit sunlight exposure.

Efficacy and safety evaluations
The primary end points compared the changes in 25(OH)

D levels at baseline and after 16 weeks of treatment. 

Secondary efficacy parameters included measurement 

of bone specific alkaline phosphatase (enzyme-linked 

immunosorbent assay, Meta BAP EIA kit [interassay 

CV, 5%–7.6%; intra-assay CV, 3.9%–5.8%]; Quidel, San 

Diego, CA, USA), serum C-telopeptide of type I collagen 

(electrochemiluminescence immunoassay, CrossLaps 

[interassay CV, 4.2%–7.6%; intra-assay CV, 2%–5.8%]; 

Roche, Mannheim, Germany), and serum intact parathyroid 

hormone (PTH) levels (immunoradiometric assay, ELSA-

PTH [interassay CV, 4.6%; intra-assay CV, 4.3%]; Cisbio, 

Sorgues, France), after 16 weeks of treatment at a central 

laboratory. Lower-extremity function was assessed using 

an 8-foot walking-speed test (8-foot walk test) and a timed 

test of rising from a chair and sitting back down (sit-to-

stand test).

Safety was monitored during the study with all clinical 

and laboratory adverse experiences. The patients were seen 

by the investigators during their week 8 and 16 study visits; 

adverse events could be reported in person or by phone at 

any time during the study.

Statistical analysis
All analyses were performed on an intention-to-treat basis. 

An unpaired t-test, Fisher’s exact test and Pearson’s Chi-

squared test were used to compare the differences between 

the treatment groups. A paired t-test was used to compare 

pre- to post-treatment differences within the same group. 

An analysis of covariance was used to compare serum PTH 

changes from baseline at week 16, since serum levels of PTH 

showed a significant difference between the RSDM+ and 

RSDM groups. Analysis was done via SPSS (version 13.0; 

IBM, Armonk, NY, USA).
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Results
Patient disposition and baseline 
characteristics
The disposition of the participants who were randomized to 

the study is detailed in Figure 1. We enrolled 150 participants 

(74 RSDM+ and 76 RSDM) in the study. The completion rate 

for the 16-week study was similar for the two treatment groups 

(85.1% versus 85.5%). There were no clinically significant 

differences in the baseline characteristics between the 

treatment groups, with the exception of PTH levels (Table 1). 

The prevalence of vitamin D insufficiency (,20 ng/mL) was 

77% and 69.7% in each group, respectively.

Efficacy and safety
After 16 weeks of treatment, the mean serum 25(OH)D level 

increased significantly from 17.8 to 26.8 ng/mL in the RSDM+ 

group, but did not change in the RSDM group (Figure 2). As 

shown in Figure 3, the proportion of patients with vitamin D 

insufficiency decreased significantly in the RSDM+ group 

from 77% to 14.9%, but increased in the RSDM group 

from 69.7% to 79.7%. There was a significantly smaller 

proportion of patients with 25(OH)D level , 15 ng/mL at 

16 weeks with RSDM+ (1.5%) when compared with that of 

RSDM alone (63.8%). The increase in 25(OH)D levels of the 

RSDM+ group was greater in vitamin D-insufficient patients 

(Figure 4). Furthermore, the level of 25(OH)D decreased in 

patients with 25(OH)D level $ 30 ng/mL at baseline.

In the RSDM+ group, a significant decrease in serum 

PTH was observed compared to the control group. No 

change in serum PTH was noted in the RSDM group 

compared to those at the baseline level. There was also 

a significant decrease in serum calcium for the RSDM 

group. Serum phosphorus significantly decreased in both 

groups. The bone turnover markers bone-specific alkaline 

phosphatase and carboxy-terminal collagen cross-links 

(CTX) decreased significantly compared to the baseline 

level, although no differences were observed between the 

two groups (Table 2).

There were no improvements in the 8-foot walking or 

sit-to-stand tests, which we used to assess lower-extremity 

function after the 16-week vitamin D supplementation (data 

not shown).

A similar number of subjects reported adverse events in 

each group: 58.1% in the RSDM+ group and 57.8% in the 

RSDM group (data not shown). No serious adverse events 

were reported. Muscular and gastrointestinal discomforts 

were the major drug-related adverse events in both groups 

(35.1% and 22.9% of RSDM+ versus 30% and 19.7% of 

RSDM, respectively). Among muscular discomforts, myalgia 

was the most common symptom in both groups (35.1% of 

Randomization, n = 150

Risedronate monthly (RSDM)
n = 76

Risedronate monthly plus
cholecalciferol (RSDM+) n = 74

Screening, n = 358

Discontinuation, n = 11
(14.9%)

Administrative problem, n = 2
Protocol deviation, n = 2
Withdrew consent, n = 3
Adverse events, n = 4

Completed study
n = 63

(85.1%)

Completed study
n = 65

(85.5%)

Discontinuation, n = 11
(14.5%)

Administrative problem, n = 2
Protocol deviation, n = 2
Withdrew consent, n = 3
Adverse events, n = 4

Figure 1 Participant disposition in 16-week study.
Note: randomization and follow-up study.
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RSDM+ versus 30.2% of RSDM). Diarrhea was reported in 

8.1% of the RSDM+ group and 7.9% of the RSDM. There 

were no laboratory adverse reports, including hypercalcemia 

and hypercalciuria.

Discussion
Many observational studies have demonstrated a relationship 

between higher serum 25(OH)D and BMD, and a reduction in 

hip-fracture risk.8,9 An Institute of Medicine report concluded 

that 25(OH)D equal to 20 ng/mL covers the requirements 

of 97.5% of the US population, and an adequate vitamin D 

intake is 600 IU per day for children aged 1 year or older and 

800 IU per day for adults over 70 years of age.10 However, the 
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Figure 2 Mean changes in serum 25-hydroxyvitamin D (25[OH]D) concentration 
after 16 weeks of treatment.
Abbreviations: rSDM+, monthly risedronate and cholecalciferol; rSDM, monthly 
risedronate alone.
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subcategories at week 16.
Abbreviations: rSDM+, monthly risedronate and cholecalciferol; rSDM, monthly 
risedronate alone.

Table 1 Baseline characteristics of the participants

RSDM+ (n = 74), 
n (%)

RSDM (n = 76), 
n (%)

P-value

Age (mean ± SD) 65.1 ± 6.8 65.7 ± 8.3 0.646
Alcohol 
 Yes 
 No

 
4 (5.4) 
70 (94.6)

 
2 (2.6) 
74 (97.4)

0.438

Smoking 
 No

 
74 (100)

 
76 (100)

 
–

BMI (kg/m2) 23.8 ± 2.2 24.6 ± 3.0 0.055
25(OH)D (ng/mL) 17.8 ± 6.6 18.1 ± 7.6 0.755
25(OH)D 
 ,20 ng/mL 
 ,30 ng/mL 
 $30 ng/mL

 
57 (77%) 
11 (14.9%) 
6 (8.1%)

 
53 (69.7%) 
13 (17.1%) 
10 (13.2%)

 
0.118 
0.426 
0.320

PTH (pg/mL) 46.0 ± 18.6 38.0 ± 13.7 0.003
BSAP (U/L) 32.6 ± 9.8 31.5 ± 10.8 0.551
CTX (ng/mL) 0.42 ± 0.21 0.41 ± 0.24 0.838

Abbreviations: rSDM+, monthly risedronate and cholecalciferol; rSDM, monthly 
risedronate alone; SD, standard deviation; BMI, body mass index; 25(OH)D, 
25-hydroxyvitamin D; PTH, parathyroid hormone; BSAP, bone-specific alkaline 
phosphatase; CTX, carboxy-terminal collagen cross-links.

definition of vitamin D insufficiency and recommendations 

for vitamin D intake are slightly different between the expert 

societies. The National Osteoporosis Foundation recommends 

800–1000 IU vitamin D per day.11 The US Endocrine Society 

guidelines suggest that for adults aged 18 years or older, 

1500–2000 IU per day may be needed to raise the serum 25(OH)

D level consistently above 30 ng/mL, which is considered to 

be the optimal level.12 To improve vitamin D intake, a single 

combined formulation containing bisphosphonates and vitamin 

D has been developed. A weekly dose of alendronate 70 mg 

and cholecalciferol 2800 IU increased the 25(OH)D level by 

1.2 ng/mL only after 15 weeks.7 A single-pill combination 

of weekly risedronate 35 mg and cholecalciferol 5600 IU 

increased 25(OH)D levels by 12.3 ng/mL.6 Therefore, a 

single-pill combination of bisphosphonates and cholecalciferol 

proved its efficacy in terms of vitamin D supplementation and 

antiresorptive effect. Supplementation of cholecalciferol 5600 

IU has become a commonly used dosage for a single combined 

pill of weekly bisphosphonates.

It is known that patients prefer a less frequent and more 

convenient dosing regimen.13 A monthly dosing regimen has 

better therapeutic adherence than a weekly dosing regimen 

in postmenopausal osteoporosis.14 Thus, monthly risedronate 

was combined with cholecalciferol 30,000 IU, which is 

an estimated dose of 1000 IU per day in this trial. Even 

though the result was not from a head-to-head trial, monthly 

cholecalciferol 30,000 IU in this study showed less increase in 

25(OH)D levels compared to that of the previously conducted 

trial with weekly cholecalciferol 5600 IU. Additionally, the 

percentage of vitamin D-insufficient patients (,20 ng/mL) 

decreased from 77% to 14.9% after 16 weeks of treatment 

with monthly 30,000 IU cholecalciferol, but decreased from 

80.5% to 5.4% with weekly 5600 IU cholecalciferol.6 In 

another study, weekly administration of vitamin D resulted 
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in a greater increase of serum 25(OH)D levels than monthly 

administration.15 Therefore, we can speculate that more 

cholecalciferol is needed for long-term interval treatment.

Recently, reports on increased risk for cardiovascular 

events associated with calcium supplementation have 

been controversial.16 In response to these concerns, the 

American Society for Bone and Mineral Research stated that 

food remains the best source of calcium and that supplements 

should only be used when adequate dietary intake of 

calcium cannot be achieved. Monthly bisphosphonate with 

cholecalciferol will be a good choice to provide convenience 

for patients who can take in adequate calcium from food and 

want less frequent medication.

The present study showed no increase in 25(OH)D levels 

in the vitamin D-sufficient group ($30 ng/mL), as shown 

in Figure 4. This could be attributed to 24-hydroxylation 

and formation of the inactive metabolite, although the 

precise physiological mechanism remains unclear.17 This 

change infers a good physiological regulation that protects 

against vitamin D intoxication, since the increase of serum 

25(OH)D was lower in patients with higher initial serum 

25(OH)D levels.18 These data suggest that monthly 30,000 IU 

cholecalciferol is safe in terms of vitamin D toxicity, even 

in vitamin D-sufficient patients. The minimum dose of 

vitamin D that causes hypercalcemia in some healthy adults 

is 40,000 IU taken daily for many months.19 In fact, doses 

of 4000 IU/day and 50,000 IU/week have been administered 
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Figure 4 Mean changes in 25-hydroxyvitamin D (25[OH]D) level in each group with different baseline subcategories.
Abbreviations: rSDM+, monthly risedronate and cholecalciferol; rSDM, monthly risedronate alone.

Table 2 Changes in PTH, calcium, phosphorus, and bone turnover 
markers between baseline and week 16 of treatment

Mean ± SD P-value*

RSDM+ RSDM

PTH (pg/mL)
Baseline 
Week 16 
Change 
P-value**

 46.0 ± 18.63 
 36.7 ± 18.55 
−9.06 ± 20.32 
0.0005

38.0 ± 13.72 
40.6 ± 16.9 
2.15 ± 17.52 
0.3091

0.003 

0.0007***

Calcium (mg/dL)
Baseline 
Week 16 
Change 
P-value**

 8.96 ± 0.37 
 8.92 ± 0.43 
−0.02 ± 0.34 
0.6427

 9.08 ± 0.41 
 8.9 ± 0.47 
−0.18 ± 0.48 
0.0036

0.0471 

0.0317***

Phosphorus (mg/dL)
Baseline 
Week 16 
Change 
P-value**

 3.74 ± 0.41 
 3.56 ± 0.45 
−0.19 ± 0.47 
0.0018

 3.82 ± 0.47 
 3.65 ± 0.44 
−0.19 ± 0.51 
0.0029

0.2501 

0.9553

BSAP (U/L)
Baseline 
Week 16 
Change 
P-value**

 32.5 ± 9.83 
 18.3 ± 4.6 
−14.2 ± 8.07 
,0.0001

 31.5 ± 10.78 
 19.1 ± 5.15 
−12.2 ± 9.67 
,0.0001

0.5513 

0.1891

CTX (ng/mL)
Baseline 
Week 16 
Change 
P-value**

 0.42 ± 0.21 
 0.13 ± 0.10 
−0.32 ± 0.25 
,0.0001

 0.41 ± 0.24 
 0.16 ± 0.11 
−0.31 ± 0.20 
,0.0001

0.8381 

0.2735

Notes: *Unpaired t-test; **paired t-test; ***analysis of covariance.
Abbreviations: rSDM+, monthly risedronate and cholecalciferol; rSDM, monthly 
risedronate alone; SD, standard deviation; PTH, parathyroid hormone; BSAP, bone-
specific alkaline phosphatase; CTX, carboxy-terminal collagen cross-links.
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without toxicity.20 However, we need to check the long-term 

safety issues regarding vitamin D toxicity with monthly 

30,000 IU cholecalciferol.

Recently, a single megadose of oral vitamin D
3
 has been 

associated with a higher risk of both falls and fractures in the 

first 3 months after dosing.21 Other studies have suggested 

that the dosing interval rather than the total dose might 

determine the outcome.22,23 Therefore, changes in BMD and 

fracture reductions with monthly 30,000 IU cholecalciferol 

are needed to verify the efficacy of this regimen. This trial 

did not evaluate the change of BMD, but found that bone 

markers were significantly reduced, as much as in other 

studies. It has been estimated that change in BMD explains 

only 4%–28% of the reduction in vertebral fracture risk, 

as observed in antiresorptive agents.24 Early decrease in 

bone turnover is related to long-term increase in BMD in 

patients treated with bisphosphonates.25 The 55%–60% 

decrease in bone resorption measured by CTX at 3–6 months 

with risedronate therapy was signif icantly associated 

with reduction in vertebral fracture risk.26 The decrease 

of CTX at 4 months in this trial was 76% (RSDM+) and 

75% (RSDM), respectively. In terms of reduction in bone 

resorption, a single-pill combination of monthly risedronate 

with cholecalciferol is at least as good as the risedronate 

monthly regimen.

Our study showed that a monthly combination regimen 

decreased PTH levels. Among patients treated with 

bisphosphonates, PTH levels increased, presumably in 

response to a subclinical decrease in serum calcium caused by 

the inhibition of bone resorption.7 On the other hand, serum 

PTH decreased in the vitamin D-only treatment.15 These data 

suggest that monthly 30,000 IU cholesterol may attenuate the 

effect of bisphosphonate on the change of serum calcium, 

as shown in Table 2.

A limitation of this study may be the seasonal variation 

of 25(OH)D. The treatment spanned from winter to summer. 

Circulating 25(OH)D levels vary seasonally due to seasonal 

fluctuations in sunlight ultraviolet B irradiation.27 Annual 

peak and nadir 25(OH)D levels occur in autumn and late 

winter or spring, respectively. However, patients in each 

group were matched by season to avoid confounding seasonal 

effects, and were provided with topical sunblock cream to 

limit their exposure to sunlight. The other limitation of this 

trial may be the duration of treatment. The short duration 

of our study prevented meaningful evaluation of BMD, 

locomotive function, and occurrence of fracture. Therefore, 

it is difficult to determine that a single-pill combination of 

risedronate and cholecalciferol would be more effective than 

a separate regimen as an osteoporosis treatment. However, it 

must be noted that coadministration in a single tablet reduced 

the proportion of patients with vitamin D insufficiency 

without reducing the antiresorptive efficacy of risedronate.

Conclusion
This once-monthly dosing may become an optimal choice for 

treatment of osteoporosis, providing convenience and efficacy 

in terms of decreased resorption and enhanced vitamin D 

status without toxicity.
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