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INTRODUCTION					   

Adequate vitamin D levels are important in the prevention of 
fractures in patients with osteoporosis. Treatment guidelines 
on the management of postmenopausal osteoporosis recom-
mend maintaining adequate vitamin D intake to prevent bone 
loss.1 Vitamin D deficiency impairs bone mineralization and 
calcium absorption, as well as muscle strength and balance, 
which may consequently increase the risk of falling. In a Wom-
en’s Health Initiative trial, postmenopausal women receiving 
calcium and vitamin D supplementation had a lower risk of hip 
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Purpose: Up to 71% of South Korean postmenopausal women have vitamin D deficiency {serum 25-hydroxyvitamin D [25(OH)
D] level <50 nmol/L}. Data on vitamin D supplementation was collected during the screening phase of an efficacy/safety study of 
denosumab in Korean postmenopausal women with osteoporosis. This report describes the effect of vitamin D supplementation 
on repletion to 25(OH)D levels ≥50 nmol/L in Korean postmenopausal women with osteoporosis.
Materials and Methods: Vitamin D levels of Korean postmenopausal women (60–90 years old) were measured by extracting 
25(OH)D2 and 25(OH)D3 from serum samples via protein precipitation and using liquid chromatography with tandem mass 
spectrometry detection. Calibration curves were constructed from the mass chromatograms to obtain total vitamin D levels. Sub-
jects with serum 25(OH)D levels <50 nmol/L were supplemented with 1000 IU of vitamin D tablets during the 2.5-month-long 
screening period. Dose, frequency, and duration were determined by the investigator. If repletion was achieved (≥50 nmol/L) on 
retest, subjects were eligible to be rescreened for study entry.
Results: Of 371 subjects screened, 191 (52%) required vitamin D supplementation, and 88% (168 of 191) were successfully repleted. 
More than half of the subjects (58%) who were successfully repleted received doses of 2000 IU daily. The mean time to successful 
repletion was 31 days (standard deviation 8.4 days; range 11–48 days).
Conclusion: Supplementation with daily median doses of 2000 IU vitamin D successfully repleted 88% of Korean postmenopaus-
al women with osteoporosis within 48 days to a serum vitamin D level of 50 nmol/L.
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fracture [hazard ratio, 0.62; 95% confidence interval (CI), 0.38–
1.00] than those receiving placebo.2 Similarly, a meta-analysis 
reported that vitamin D supplementation (≥800 IU daily) com-
pared with placebo or calcium alone in patients ages 65 years 
or older reduces hip fracture risk by 30% (hazard ratio, 0.70; 
95% CI, 0.58–0.86) and nonvertebral fracture risk by 14% (haz-
ard ratio, 0.86; 95% CI, 0.76–0.96).3 

Data from the 2008–2009 Korea National Health and Nutri-
tion Examination Survey (KNHANES) demonstrated that os-
teoporosis risk decreases with increased serum levels of 25-hy-
droxyvitamin D [25(OH)D].4 An evaluation of multinational 
postmenopausal women (n=2606) with osteoporosis revealed 
that South Korea had the lowest mean serum 25(OH)D level 
(44 nmol/L) out of 18 countries studied (from Europe, the Mid-
dle East, Asia, Latin America, and Australia).5 The prevalence 
of vitamin D inadequacy, defined as a serum 25(OH)D level 
of <75 nmol/L, in South Korean postmenopausal women was 
92%. With a lower cutoff value of 50 nmol/L, vitamin D inade-
quacy was 64%. KNHANES data from 2008 indicated that 
64.5% of females aged 10 years or older had vitamin D insuffi-
ciency, and only 6.7% had a serum 25(OH)D level of >75 nmol/L.6

Korean postmenopausal women with osteoporosis have 
high rates of vitamin D deficiency and may need increased 
doses of vitamin D to restore adequate blood 25(OH)D levels. 
A phase III, randomized, double-blind, placebo-controlled, 
parallel-group, multicenter study (ClinicalTrials.gov identifi-
er: NCT01457950; study number: DPH114163) was conduct-
ed to evaluate the efficacy and safety of denosumab in Korean 
postmenopausal women with osteoporosis.7 Subjects with vi-
tamin D deficiency, defined as a serum 25(OH)D level of <50 

nmol/L in this study, underwent repletion during the screening 
phase prior to study entry. This is a descriptive report of the ef-
fect of vitamin D supplementation on repletion to 25(OH)D 
levels of ≥50 nmol/L in Korean postmenopausal women with 
osteoporosis, according to the standard of care in Korea. 

MATERIALS AND METHODS

The methods of the efficacy and safety study in Korean post-
menopausal women have been described previously.7

Data on vitamin D repletion were collected during the screen-
ing phase of the efficacy and safety study. To be eligible for the 
study, subjects needed a serum 25(OH)D level of ≥50 nmol/L. 
Korean postmenopausal women (60–90 years old) with vita-
min D deficiency at screening received supplemental vitamin 
D (Nature’s Plus® Vitamin D 1000 IU, Natural Organics, Inc., Mel-
ville, NY, USA) tablets. Dose, frequency, and duration were 
determined by the investigator. A maximum of 75 days was al-
lowed for the screening period, which included time allowed 
for vitamin D repletion. 

Both 25(OH)D2 and 25(OH)D3 were extracted from serum 
samples via protein precipitation and measured via liquid 
chromatography with tandem mass spectrometry (LC-MS/
MS) detection (Thermo Finnigan TSQ Quantum Ultra MS/MS 
System with PC, Thermo Fisher Scientific, Waltham, MA, USA). 
All assays met reproducibility requirements of ≤20% coeffi-
cient of variation (CV) and were acceptable for clinical use. In-
tra-assay CVs were 6.7–12.5% for 25(OH)D2 and 4.4–13.7% for 
25(OH)D3, and inter-assay CVs were 10.9–16.9% for 25(OH)D2 

Fig. 1. Subject flow of vitamin D supplementation in Korean study. A total of 135 patients met eligibility criteria and were randomized. *Subjects may have 
had more than 1 reason for screen failure.

Supplementation (n=191)

Failed screening (n=91)*
• ‌�Did not meet inclusion/exclusion 

criteria (n=83)
• ‌�Lost to follow-up (n=1)
• ‌�Withdrew consent (n=8)

Second serum sample not obtained
  (n=9)*
• ‌�Did not meet inclusion/exclusion 

criteria (n=3)
• ‌�Withdrew consent (n=7)

Failed screening (n=122)*
• ‌�Did not meet inclusion/exclusion 

criteria (n=80)
• ‌�Lost to follow-up (n=3)
• ‌�Investigator discretion (n=2)
• ‌�Withdrew consent (n=48)

Passed screening and  
  randomized (n=77)

Completed
  repletion (n=14)

Passed screening 
  and randomized 
  (n=58)

No supplementation (n=180)

Successful repletion (n=168) Unsuccessful repletion (n=23)

Assessed for eligibility (n=371)



925

Yoon-Sok Chung, et al.

http://dx.doi.org/10.3349/ymj.2016.57.4.923

and 9.1–15.4% for 25(OH)D3. Total vitamin D levels were quan-
titated using calibration curves constructed from the mass 
chromatograms.

After vitamin D supplementation, a second blood sample 
was obtained and tested. If repletion was successful (≥50 nmol/
L) on retest, subjects were eligible to be rescreened for study 
entry.

RESULTS

More than 50% (191 of 371) of all subjects assessed for eligibil-
ity required vitamin D supplementation. Of the 191 subjects 
who underwent vitamin D supplementation, 168 (88%) were 
successfully repleted. Among the remaining 23 subjects, 14 
were repletion-complete, meaning that they did not achieve 
adequate vitamin D levels (≥50 nmol/L), and a second serum 
sample was not obtained in 9; thus, these subjects were exclud-
ed from study entry. Those with sufficient vitamin D levels 
(≥50 nmol/L) who met all other study eligibility criteria were 
randomized (n=135) (Fig. 1). Of these 135 randomized subjects, 
58 (43%) had adequate vitamin D levels, and 77 (57%) received 
vitamin D supplementation therapy and achieved adequate 

vitamin D levels.
Mean age, albumin-corrected calcium, and years since meno-

pause were similar between randomized subjects not requir-
ing vitamin D supplementation and those who were success-
fully repleted (Table 1). The median dose administered during 
supplementation was 2000 IU vitamin D (range 1000–9000 
IU) (Table 1). Most subjects (58%) who were successfully re-
pleted received doses of 2000 IU daily (Table 2). Table 2 also 
shows the repletion rates at different doses of vitamin D used. 
The mean time to successful repletion was 31 days (standard 
deviation 8.4 days; range 11–48 days) (Fig. 2). Mean vitamin D 
levels after successful repletion were 71.4 nmol/L in random-
ized subjects and 70.4 nmol/L in non-randomized subjects, 
compared with 71.3 nmol/L in randomized subjects who did 
not require vitamin D supplementation at screening (Table 3).

Non-serious adverse events were not collected during the 
screening phase of the study, and no serious adverse events 
were reported during this phase. 

DISCUSSION

For postmenopausal women with osteoporosis, pharmacologic 

Table 1. Demography of 135 Randomized Subjects Who Did or Did Not Receive Vitamin D Supplementation

Parameter
Randomized subjects not requiring 

supplementation (n=58)*
Randomized subjects who were  

successfully repleted (n=77)
Age (yr)

n 58 77
Mean (SD) 65.9 (4.88) 66.9 (4.78)

Albumin-corrected calcium (mmol/L)
n 58 77
Mean (SD) 2.33 (0.083) 2.32 (0.073)

Years since menopause
n 58 77
Mean (SD) 17.5 (6.51) 18.9 (6.74)

Daily vitamin D dose (IU) during repletion
n NA 76
Mean (SD) NA 1761.9 (961.46)
Median (range) NA 2000 (1000–9000)

NA, not applicable; SD, standard deviation.
*58 patients did not require vitamin D supplementation to achieve repletion during the study.

Table 2. Average Daily Vitamin D Supplemental Dose in Successfully and Unsuccessfully Repleted Subjects*

Average daily
dose (IU)

Successful repletion population, n (%) Unsuccessful repletion population, n (%)
Randomized

(n=77)†

Non-randomized
(n=91)

Total
(n=168)

Repletion complete 
(n=14)

Repletion not 
complete (n=9)†

Total
(n=23)

1000 24 (31) 41 (45) 65 (39) 3 (21) 2 (22) 5 (22)
>1000 to <2000 2 (3) 1 (1) 3 (2) 1 (7) 0 (0) 1 (4)
2000 49 (64) 48 (53) 97 (58) 10 (71) 4 (44) 14 (61)
4000 to 9000 1 (1) 1 (1) 2 (1) 0 (0) 0 (0) 0 (0)
*One subject in the non-repleted population received 2000 IU of vitamin D, †Data are missing for one randomized successfully repleted subject and three unsuc-
cessfully repleted subjects who did not complete repletion.
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therapy must be accompanied by appropriate lifestyle changes, 
including ensuring vitamin D adequacy.1 Vitamin D levels, 
along with many other factors such as general nutrition, exer-
cise, and smoking, affect the rate of bone loss and fracture risk. 
In this study, daily median supplemental doses of 2000 IU vi-
tamin D successfully repleted 88% of Korean postmenopausal 
women with osteoporosis within 11 to 48 days to a serum vita-
min D level of 50 nmol/L.

Many regimens of vitamin D are currently used in clinical 
practice to treat patients with low serum levels of vitamin D and 
may depend on the individual patient as well as any underlying 
conditions. Patients from the Atlanta Veterans Affairs Medical 
Center, a majority of whom were male, received vitamin D pre-
scriptions for osteoporosis, chronic kidney disease, and myal-
gias.8 The regimens ranged from 400 IU to 40000 IU at a fre-
quency of twice daily to once monthly, as there was no universal 
standard regimen. In the University of Colorado Hospital out-
patient clinical system, patients (83.2% female, 44.3% Cauca-
sian) without chronic conditions other than vitamin D defi-
ciency were treated with 50000 to 100000 IU vitamin D weekly 
for several weeks to replete serum levels.9 The American Asso-
ciation of Clinical Endocrinologists medical guidelines for the 

management of postmenopausal osteoporosis state that many 
experts recommend 1000 to 2000 IU vitamin D daily for adults 
50 years or older, and certain individuals may require more sup-
plementation to achieve the currently accepted minimum 
25(OH)D level of 75 nmol/L.1

These data are pertinent to this trial and patient population, 
and it should not be assumed that 2000 IU of vitamin D over 
the time period seen in this trial will provide successful reple-
tion in other patient populations or in postmenopausal wom-
en with osteoporosis and different baseline characteristics. It 
does, however, provide a starting point for the dosing of vita-
min D for a good portion of Korean postmenopausal women 
with osteoporosis and similar characteristics. Doses of 1000 to 
2000 IU in the majority of subjects in this study were sufficient 
to reach the predefined level of 50 nmol/L within the screen-
ing period of 75 days. This observation supports the hypothe-
sis that vitamin D repletion to the goal levels in Korean post-
menopausal women with osteoporosis can be achieved with 
doses lower than those used in the studies above, which were 
conducted in the United States. Vitamin D repletion was not 
successful in 7.3% (14 of 191) of subjects who received daily 
oral supplementation of 2000 IU vitamin D during the screen-
ing phase for up to 75 days. This suggests that some Korean 
postmenopausal women with osteoporosis may need doses 
higher than 2000 IU of plain vitamin D to achieve adequate 
serum 25(OH) D levels. 

Consistent with previous findings, there is a high prevalence 
of severe vitamin D deficiency in Korean postmenopausal 
women with osteoporosis. In our study, 51% of subjects screened 
required vitamin D supplementation to achieve the threshold 
of 50 nmol/L. This proportion is consistent with results from 
other studies in Korean postmenopausal women that reported 
vitamin D inadequacy rates of up to 64% using a 50-nmol/L 
cut-off value.5

It would be useful to fully understand why some patients were 
successfully repleted within the study timeline while others 
were not. We can only speculate on the reasons as to why this 
occurred. One possible reason was the lack of patient compli-

Table 3. Vitamin D Levels (nmol/L) Pre- and Post-Repletion in Screening Phase

Time point
Subjects not requiring supplementation Successful repletion population

Randomized (n=58) Non-randomized (n=122) Randomized (n=77) Non-randomized (n=91)
Initial screening

n 58 115* 77 90*
Mean (SD) 71.3 (15.00) 52.6 (22.91) 29.7 (9.73) 29.4 (10.56)
Median (range) 70 (50–118) 53 (10–103) 30 (13–48) 30 (10–62)

Post-repletion assessment
n NA NA 77 91
Mean (SD) NA NA 71.4 (13.18) 70.4 (13.32)
Median (range) NA NA 70 (50–103) 68 (50–113)

NA, not available; SD, standard deviation.
*Vitamin D levels at initial screening were not available for seven non-randomized subjects not requiring repletion and one non-randomized subject who was 
successfully repleted.

Fig. 2. Time to achieve successful vitamin D repletion in Korean study. Of 
the 191 patients who entered the trial, 168 were fully repleted, and in 23, 
repletion to the goal of ≥50 nmol/L was not achieved.
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ance. If the patient had an unknown gastrointestinal disease 
that affected absorption, this could have been another reason 
(patients with known malabsorption were excluded from par-
ticipation in the trial). Other reasons could have included not 
enough time for repletion if there was either a delay in the ad-
ministration of vitamin D or a delay in obtaining the initial lab-
oratory results that indicated repletion was necessary for en-
rollment.

In the pivotal Fracture Reduction Evaluation of Denosumab 
in Osteoporosis Every 6 Months (FREEDOM) study that inves-
tigated the efficacy and safety of denosumab in a multination-
al population, vitamin D repletion was also required prior to 
study entry.10 Both studies (Korean and FREEDOM) required 
subjects to receive ≥400 IU vitamin D daily and ≥1000 mg cal-
cium throughout the study. Compared to the 50-nmol/L mini-
mum vitamin D threshold for the Korean study, a lower mini-
mum vitamin D threshold was used in the FREEDOM study. 
Subjects with vitamin D levels of 30–50 nmol/L could be en-
rolled on the condition that they receive a higher dose of vita-
min D (800 IU daily) during the study. Subjects with vitamin D 
levels of <30 nmol/L failed screening yet could be repleted and 
rescreened. This difference reflected an update in guidelines, 
which occurred after the FREEDOM study was designed and 
defined vitamin D deficiency as a 25(OH)D level of <50 nmol/L.11 

These findings provide insight on vitamin D repletion in Ko-
rean postmenopausal women; however, the limitations of this 
study must be considered. This was not a controlled study of vi-
tamin D repletion, as data provided from the screening phase 
of a randomized study are observational in nature. Data were 
limited for subjects who failed initial screening, and reasons 
for failure to achieve vitamin D repletion were not collected. 
Investigators were instructed to use vitamin D supplementa-
tion as per the local standard of care; thus, doses may have var-
ied between study sites.

These data confirm that supplemental daily doses of 1000 
to 2000 IU of vitamin D during a screening period of 75 days are 
effective in repleting serum 25(OH)D levels to ≥50 nmol/L in 
the majority of Korean subjects with postmenopausal osteo-
porosis. 
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