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Abstract

This study compared serum cholecalciferol and 25-hydroxyvitamin D [25(OH)D] concentrations 

over four weeks in healthy, non-pregnant, non-lactating females aged 18-40 years, who were 

randomized to oral cholecalciferol 5,000 international units (IU) daily for 28 days or a single dose 

of 150,000 IU. The study was conducted in Rochester, MN in March and April of 2010. We found 

no difference in mean 25(OH)D between treatment groups on study day 0 or day 28 (p = 0.14 and 

0.28, respectively). The daily group had 11 more days of detectable serum cholecalciferol than the 

single-dose group (p < 0.001). There was no difference observed in cholecalciferol area under the 

curve (AUC28) between groups (p = 0.49). However, The single dose group had a significantly 

greater mean 25(OH)D AUC28 compared with the daily group (p < 0.001).
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Recent epidemiologic data suggest the prevalence of vitamin D deficiency is increasing 

worldwide.(1,2) . Infant vitamin D status largely depends on maternal vitamin D status to 

prevent the clinical effects of vitamin D deficiency. Breast milk has limited vitamin D (~ 40 

IU/L), which may predispose some breastfed infants to vitamin D deficiency, particularly 

those with dark skin or maternal deficiency at birth.(3) In the United States, it is 

recommended that all nursing infants receive 400 IU daily (4, 5).

The parent forms of vitamin D, cholecalciferol and ergocalciferol, cross directly from serum 

into breast milk, whereas 25(OH)D has limited transfer (6). Breast milk vitamin D activity 

can be increased by supplementation with 2000-4000 IU daily (7). However, the optimal 

dosing regimen to balance adherence and effectiveness is unclear.

The primary objective of this study was to compare the pharmacokinetics of daily 

cholecalciferol supplementation for 28 days with a single, large oral dose in healthy 

premenopausal female subjects. Our hypothesis was that daily supplementation would 

maintain detectable serum cholecalciferol levels (>12.5 nmol/L) longer than single dose 

supplementation. This would guide supplementation of young adult women and provide 

critical data for further studies regarding the optimal dosing regimen in lactating women 

supplementing breastfed infants.

Inclusion criteria for this prospective, randomized trial included non-pregnant, non-lactating 

women aged 18-40 years. Exclusion criteria included chronic diseases that may interfere 

with cholecalciferol absorption or distribution, baseline hypercalcemia or 

hyperphosphatemia, and travel south of 35°N parallel or indoor tanning in the 30 days prior 

to or during the study period. The study was conducted from March 9 to April 26, 2010 in 

Rochester, Minnesota (44°N parallel). Subjects were randomized to receive either 

cholecalciferol 150,000 IU orally once or 5000 IU orally daily for 28 days. Subjects were 

instructed to make no dietary changes, nor change their sunlight exposure during the study. 

Serum cholecalciferol, 25(OH)D, calcium, and phosphorus were measured on days 0, 1, 3, 

7, 14, and 28. Serum vitamin D metabolites were measured by liquid chromatography-

tandem mass spectrometry (8). Assays for 25(OH)D were standardized against NIST 

reference material.

A t-test was utilized to compare serum calcium, phosphorus, 25(OH)D, cholecalciferol, and 

cholecalciferol area under the curve (AUC28) between the two groups. Levels on days 1, 3, 

7, 14, and 28 were compared with baseline values by paired t-test. Assuming a two-sided 

significance level of 0.05 with 80% power, 16 subjects per group were sufficient to detect a 

mean difference of one standard deviation and a 0.75 standard deviation change from 

baseline.

A total of 39 subjects were randomized, and the groups had similar characteristics at 

baseline (Table 1). In the 150,000 IU group, the mean (±SD) serum cholecalciferol peaked 
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on day 1 at 236.5 ± 58.3 nmol/L, dropped sharply by day 3, and continued to fall on day 7 

(Table 2). On days 14 and 28, cholecalciferol was not detectable in 13 and 17 of 20 subjects, 

respectively. In the daily group, serum cholecalciferol was detectable in 10 subjects on day 3 

with a mean concentration of 14.8 ± 12.2 nmol/L. The mean continued to increase and 

reached a plateau of 27.9 nmol/L by day 14. There was no difference in serum 

cholecalciferol AUC28 between the two treatment groups (p= 0.49). The daily group had 

significantly more days of detectable cholecalciferol than the 150,000 IU group (21.2 ± 6.0 

days vs. 9.6 ± 7.6 days; p <0.001).

The 150,000 IU group showed a rapid rise in 25(OH)D concentration on day 1, which 

reached a peak value of 139.0 ± 26.0 nmol/L at day 7, and slowly declined thereafter (Table 

2) . The 25(OH)D values on days 14 and 28 remained significantly above baseline values (p 

<0.001). The daily group had a gradual, almost linear increase in 25(OH)D concentrations, 

with no evidence of plateau at day 28. Beginning on day 3, 25(OH)D levels were 

significantly elevated above baseline values (p < 0.001). The highest observed 25(OH)D 

value was 130.5 nmol/L in the daily groups. Compared with the daily group, the 150,000 IU 

group had significantly higher values on every study day except days 0 and 28 (p = 0.14 and 

0.28, respectively). The 150,000 IU group had a significantly greater mean 25(OH)D AUC28 

compared with the daily group (1875.0 ± 481.2 nmol·d/L vs. 973.7 ± 312.5 nmol·d/L 

respectively; p <0.001).

There were no clinically important changes in serum calcium (> 3 mmol/L) or phosphorus 

(> 1.6 mmol/L) between treatment groups (Table 2). On days 3 and 7, serum calcium 

concentrations were higher than baseline (p = 0.028 and 0.003, respectively) in the 150,000 

IU group, but remained within the normal reference range. The highest observed serum 

calcium was 2.6 mmol/L in both treatment groups. Asymptomatic increases in serum 

phosphorus from baseline were seen on days 1 and 7 in the 150,000 IU group (p = 0.004 and 

0.015, respectively), and on day 14 in the daily group (p = 0.027). The highest observed 

serum phosphorus was 1.6 mmol/L in both treatment groups. The only reported potential 

adverse event was an increased interval between menses in one subject in the daily group.

This study compared the pharmacokinetics of a large, single dose of oral cholecalciferol to a 

daily dose in healthy, premenopausal females. The single dose (150,000 IU) produced peak 

cholecalciferol and 25(OH)D levels on days 1 and 7, respectively. The daily dose (5000 IU) 

produced peak cholecalciferol levels on day 7, and increasing 25(OH)D levels throughout 

the study duration. However, the cholecalciferol AUC28 was similar between groups. 

Compared with similar regimens in older subjects, the pharmacokinetics differed with lower 

peak serum cholecalciferol and higher 25(OH)D concentrations (9-10 ). This is consistent 

with increased hepatic 25-hydroxylation in younger populations.

A single, large dose of vitamin D may improve adherence. Daily supplementation, however, 

resulted in significantly more days of detectable serum cholecalciferol, which may be more 

desirable when breastfeeding. However, this trial did not include lactating women nor did it 

measure breast-milk vitamin D metabolites, and the pharmacokinetics of vitamin D may be 

different in breastfeeding women. This study provides adequate pharmacokinetic 
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information for clinical trials in non-pregnant, pregnant, and lactating women to determine 

regimens that benefit both mothers and infants.
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Table 1

Comparison of Baseline Characteristics between Treatment Groups

Characteristic 150,000 IU Once n = 19 5,000 IU Daily n = 20

Age (yrs) 26.11 (21 – 35) 25.8 (21 – 35)

Weight (kg) 64.1 (50.4 – 96.1) 63.4 (50.8 – 93.1)

Height (cm) 165.4 (154.4 – 174.9) 166.9 (155.1 – 177)

BMI (kg/m2) 23.4 (19 – 23.4) 22.8 (18.6 – 33.5)

Pulse (bpm) 75.8 (56 – 112) 72.8 (49 – 103)

Systolic BP (mm Hg) 111.8 (95 – 138) 115.9 (93 – 146)

Diastolic BP (mm Hg) 66.3 (50 – 80) 65.5 (45 – 88)

Race: White 89% 90%

        Asian 5% 5%

        Other 5% 5%

*Displayed as mean value (range) or proportion (%)

Eur J Clin Nutr. Author manuscript; available in PMC 2014 December 15.



N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript

MEEKINS et al. Page 6

T
ab

le
 2

Se
ru

m
 C

ho
le

ca
lc

if
er

ol
, 2

5-
hy

dr
ox

yv
ita

m
in

 D
, C

al
ci

um
, a

nd
 P

ho
sp

ho
ru

s 
A

cc
or

di
ng

 to
 V

ita
m

in
 D

3 
D

os
e

Se
ru

m
 C

ho
le

ca
lc

if
er

ol
 ±

 S
D

 (
nm

ol
/L

)

D
ay

 0
D

ay
 1

D
ay

 3
D

ay
 7

D
ay

 1
4

D
ay

 2
8

A
U

C
28

15
0,

00
0 

IU
 O

nc
e

10
.3

 ±
 9

.9
23

6.
5±

58
.3

*#
73

.6
 ±

 1
8.

8*#
23

.6
 ±

 1
3.

3*
9.

6 
±

 5
.4

7.
1 

±
 2

.5
70

0.
9 

±
 2

26
.4

5,
00

0 
IU

 D
ai

ly
6.

6 
±

 1
.7

9.
4 

±
 7

.6
14

.8
 ±

 1
2.

2*
27

.1
 ±

 9
.0

*
27

.9
 ±

 7
.4

#
27

.9
±

15
.6

*#
65

1.
5 

±
 2

16
.4

Se
ru

m
 2

5-
H

yd
ro

xy
vi

ta
m

in
 D

 ±
 S

D
 (

nm
ol

/L
)

D
ay

 0
D

ay
 1

D
ay

 3
D

ay
 7

D
ay

 1
4

D
ay

 2
8

A
U

C
28

15
0,

00
0 

IU
 O

nc
e

64
.0

 ±
21

.7
11

0.
0±

28
.5

*#
13

3.
5±

29
.3

*#
13

9.
0±

26
.0

*#
13

7.
5±

25
.5

*#
12

2.
0±

24
.8

*
18

75
.0

 ±
 4

81
.2

#

5,
00

0 
IU

 D
ai

ly
70

.1
 ±

21
.9

73
.1

±
22

.6
*

79
.5

 ±
22

.6
*

91
.2

 ±
 2

2.
9*

10
8.

5 
±

 2
8.

0*
13

0.
5±

25
.1

*
97

3.
7 

±
 3

12
.5

Se
ru

m
 C

al
ci

um
 ±

 S
D

 (
m

m
ol

/L
)^

D
ay

 0
D

ay
 1

D
ay

 3
D

ay
 7

D
ay

 1
4

D
ay

 2
8

15
0,

00
0 

IU
 O

nc
e

2.
3 

±
 0

.1
2.

4 
±

 0
.1

2.
4 

±
 0

.1
*

2.
4 

±
 0

.1
*

2.
4 

±
 0

.1
2.

4 
±

 0
.1

5,
00

0 
IU

 D
ai

ly
2.

4 
±

 0
.1

2.
4 

±
 0

.1
2.

4 
±

 0
.1

2.
4 

±
 0

.1
2.

4 
±

 0
.1

2.
4 

±
 0

.1

Se
ru

m
 P

ho
sp

ho
ru

s 
± 

SD
 (

m
m

ol
/L

)%

D
ay

 0
D

ay
 1

D
ay

 3
D

ay
 7

D
ay

 1
4

D
ay

 2
8

15
0,

00
0 

IU
 O

nc
e

1.
2 

±
 0

.1
1.

3 
±

 0
.1

*
1.

2 
±

 0
.1

1.
3 

±
 0

.1
*

1.
2 

±
 0

.1
1.

2 
±

 0
.2

5,
00

0 
IU

 D
ai

ly
1.

2 
±

 0
.2

1.
2 

±
 0

.1
1.

2 
±

 0
.2

1.
3 

±
 0

.2
1.

3 
±

 0
.1

*
1.

2 
±

 0
.1

* p-
va

lu
e 

< 
0.

05
 w

he
n 

co
m

pa
re

d 
w

it
h 

ba
se

lin
e 

va
lu

e

# p-
va

lu
e 

< 
0.

05
 w

he
n 

co
m

pa
re

d 
w

it
h 

ot
he

r 
tr

ea
tm

en
t 

gr
ou

p

^ hy
pe

rc
al

ce
m

ia
 >

 3
.0

 m
m

ol
/L

%
hy

pe
rp

ho
sp

ha
te

m
a 

> 
1.

6 
m

m
ol

/L

Eur J Clin Nutr. Author manuscript; available in PMC 2014 December 15.


