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Abstract

BACKGROUND/OBJECTIVES—AIthough single, high doses of vitamin D effectively
maintain vitamin D sufficiency in several populations, no studies have evaluated healthy adults
over winter, during which vitamin D status declines. This study investigated whether high-dose
vitamin D3 given once to healthy adults before winter will (1) prevent the wintertime decline in
vitamin D status, (2) promote vitamin D sufficiency 1 year following the dose and (3) prevent the
rise of parathyroid hormone (PTH) concentrations.

SUBJECTS/METHODS—In this double-blind, placebo-controlled trial, we assessed plasma
25(0OH)D and PTH concentrations at baseline, 5, 90 and 365 days after drug administration in 28
healthy adults. In all, >80% of subjects returned at each time point.

RESULTS—AU baseline, the young, healthy participants had a mean plasma 25(0OH)D
concentration of 17.5 + 6.1 ng/ml. Only two subjects exhibited plasma 25(OH)D concentrations
>30 ng/ml. At 5 days, subjects randomized to vitamin D3 had a higher mean plasma 25(OH)D
concentration compared with the placebo group (39.1 vs 19.1 ng/ml, P<0.001). Plasma 25(OH)D
concentrations returned to baseline at 90 and 365 days in the vitamin D3 group and remained
unchanged in the placebo group. PTH and calcium concentrations were unrelated to changes in
25(0OH)D levels and similar between groups over time.
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CONCLUSIONS—A dose of 250 000 1U of vitamin D3 given once in November resulted in a
robust increase in plasma 25(OH)D after 5 days, but it was unable to sustain this increase after 90
days. A larger or more frequent dosing regimen may be needed for long-term vitamin D
sufficiency.

INTRODUCTION

Vitamin D status is best assessed by measurement of the serum 25-hydroxyvitamin D
(25(0H)D) concentration, the major circulating form of vitamin D.1 Exposure to ultraviolet-
B (UVB) radiation from the sun is the major determinant of serum 25(OH)D concentration
in humans,? as UVB radiation is necessary for the conversion of 7-dehydrocholesterol to
vitamin D in the skin.3 Changes in vitamin D status throughout the year occur in part owing
to seasonal changes in the zenith angle of the earth to the sun, which cause less UVB
radiation to penetrate the Earth's surface during the winter.# As a result, circulating serum 25
(OH)D concentrations are generally lowest in the late winter and early spring and highest in
late summer and early fall,>~11 with greater seasonal variation occurring with increasing
latitude.®

Bolus administration of large, oral vitamin D doses offers a means to mitigate the winter-
related decline in serum 25(OH)D concentrations and potentially stabilize vitamin D status
throughout the year. This approach may be advantageous because several large clinical trials
report low adherence to daily doses of oral vitamin D.12-14 \itamin D given as a single,
large, bolus dose has demonstrated higher adherence rates compared with daily and monthly
dosing regimens.1> Large doses offer consistent efficacy and safety in improving vitamin D
status and suppressing markers of inflammation and bone health, such as parathyroid
hormone (PTH), in a variety of populations.18 Vitamin D supplemented in large doses has a
sustained effect; once ingested, some vitamin D is converted to 25(OH)D, whereas the
remainder is redistributed into fat, from which it is slowly released over time.1” Owing to
the long circulating half-life of 25(OH)D in blood (2-3 weeks),18:19 vitamin D administered
in daily, weekly and monthly dosing can sustain the same circulating concentrations of
25(0OH)D over an equivalent period of time.20

Large, oral, bolus doses of vitamin D have been examined in several studies, with the
greatest efficacy shown with the use of >200 000 U of vitamin D and using cholecalciferol
rather than ergocalciferol.18 However, no study to our knowledge has assessed the effect of
a single, oral dose on vitamin D status over winter months in a healthy, young adult
population. In the present study, we evaluated whether a single 250 000 IU oral dose of
vitamin D3 administered before winter prevents a wintertime decline in circulating plasma
25(0OH)D and promotes optimal concentrations of 25(OH)D and PTH throughout the entire
year in a healthy, young, adult population.

SUBJECTS AND METHODS

This study was approved by the Emory University Institutional Review Board (project
approval number: IRB00061103) and registered with clinicaltrials.gov (NCT01924910).
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We recruited healthy adults between August and December 2012 with flyer advertisements
on Emory University campus (Atlanta, GA, 30322) and Institutional Review Board-
approved emails. All participants were between the ages of 18 and 65 years and gave written
informed consent before participation in the study. We assessed each subject's eligibility via
a questionnaire at enrollment. All participants were in good health by self-report and were
not pregnant or breast-feeding. Subjects were excluded because of conditions that could
pose safety risks following high-dose vitamin D, including granulomatous conditions,
kidney or liver disease, diabetes, certain medications (anticonvulsants, barbiturates, steroids,
>1000 mg/day calcium supplementation), calcium or bone abnormalities
(hyperparathyroidism, Paget's disease, osteoporosis), thyrotoxicosis, history of malignancy
or complete immobilization. Skin pigment was classified using a Fitzpatrick skin type
assessment.21

Twenty-eight participants were randomized into treatment and placebo groups, summarized
in Figure 1. Subjects were randomized into five blocks of six (three placebo and three
treatment in each block) by the Emory Investigational Drug Service. The vitamin D3 and
placebo pills were purchased from Biotech, Pharmacal (Fayetteville, AK, USA). They were
identical in size, shape and color. Each vitamin D capsule contained 50 000 U of vitamin
D3 and each placebo pill contained only the vehicle substance. Participants’ blood was
drawn for baseline values in November 2012, and then they were directly observed to take
either 250 000 IU (6.25 g contained in five pills) of oral vitamin D3 (n = 14) or five pills of
an identical placebo (n = 14). Additional blood draws occurred after 5-10 days, 90 days and
365 days. For safety purposes, serum calcium was assessed between 5 and 10 days, and
questions about hypercalcemia symptoms were administered at each visit. Vitamin D
sufficiency was defined as plasma 25(OH)D concentration = 30 ng/ml.

Analytical methods

Blood samples were processed and stored at — 80 °C for analysis. Analysis was completed in
two cumulative batches to reduce inter-assay variability. Plasma 25(OH)D and PTH
concentrations were analyzed using IDS-iSYS immunoassay (Immunodiagnostic Systems,
Inc., Fountain Hills, Arizona). External quality control assessment for vitamin D analysis
was conducted in partnership with the Vitamin D External Quality Assessment Scheme
(DEQAS, site #606). The calculated intra-assay coefficient of variance (CV) was 4.33%
based on samples selected to be retested (n = 12), and inter-assay CV was 10.1-13%, using
previous results from the same diagnostics machine.22 Serum calcium was analyzed by
Emory Medical Laboratory services using the Unicel DxC 800 instrument (Beckman-
Coulter, Fullerton, CA, USA).

Statistical analysis

Group comparisons involving categorical and continuous outcomes at baseline were
evaluated with z2-tests and t-tests, respectively. Measurements of the primary end points
were taken on the same participant at four time points. Statistical analyses of repeated
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measurements were performed using a linear mixed-effects model, which provided separate
estimates of the mean by time on intervention and control groups. Any difference in
response profiles among treatments was reflected in the group-by-time interaction term,
indicating that group differences varied with time. The model-based means are unbiased
with unbalanced and incomplete data, provided that the missing data are noninformative
(missing at random). A compound symmetry form in the repeated measurements was
assumed for each outcome. In addition, because the repeated measurements had skewed
distributions, they were log-transformed. Geometric means were then calculated;
comparisons of the geometric means between groups were made using the geometric mean
ratio.

Assuming a standard deviation of 10 ng/ml in the change in mean plasma 25(OH)D at a
significance level of 0.05 using a two-sided two-sample t test, 28 subjects (14 in each arm)
would provide greater than 90% power to detect an increase in 25(OH)D of 13 ng/ml
compared with placebo between baseline and post-intervention. Assuming about 10%
participant withdrawal or dropout, 30 subjects were to be recruited. All statistical
calculations were performed using SAS version 9.3 (Cary, NC, USA). Confidence intervals
were determined using a confidence level of 95%; statistical tests were two-sided and were
performed at a 5% level of significance.

Subject demographics

Twenty-eight subjects were enrolled: 14 randomized to vitamin D3 and 14 to placebo. There
were no significant differences in the baseline characteristics of the treatment and placebo
groups (Table 1). Both study arms were primarily female, white (skin pigmentation between
2 and 4 in 86% of subjects by the Fitzpatrick skin assessment) and age <30 years. Data
collected by self-report indicated that individuals had a normal BMI and spent <10 h
outdoors per week (range 2-20 h). At baseline, two participants had 25(OH)D
concentrations >30 ng/ml, five had plasma 25(OH)D between 20 and 30 ng/ml and the
remainder had plasma 25(OH)D concentrations <20 ng/ml. Five of the subjects were
receiving daily vitamin D supplementation at baseline (400 to 1000 1U); only one subject
receiving prior supplementation was vitamin D sufficient (plasma 25(OH)D = 30 ng/ml),
whereas all others had 25(OH)D concentrations <20 ng/ml and as low as 10.2 ng/ml. No
subjects reported intake of calcium supplements, treatment for serious illness, tobacco use or
alcohol consumption greater than moderate amounts of alcohol according to the 2010
Dietary Guidelines for Americans (>1 drink/day for female subjects, >2 drinks /day for male
subjects).23 Study participants demonstrated good follow-up at each time point (83.3%,
87.5% and 83.3% at 5, 90 and 365 days, respectively), with attrition nearly equally
distributed between the groups (Figure 1).

Impact of bolus vitamin D3 on plasma 25(OH)D concentrations The plasma 25(OH)D
response to 250 000 IU of vitamin D3 measured at baseline, 5 days, 90 days and 365 days is
presented graphically in Figure 2. At baseline, both study groups demonstrated similar
plasma 25(OH)D concentrations, with geometric means of 16.58 and 16.51 ng/ml for the
treatment and placebo groups, respectively (geometric mean ratio = 1.00, P = 0.97). Within
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5-10 days from baseline, the plasma 25(OH)D concentration geometric mean was 41.27
ng/ml (95% CI 34.85-48.87) in the vitamin D3 group and 17.88 ng/ml (95% CI 14.97-
21.36) in the placebo group, respectively (geometric mean ratio = 2.31, P<0.001). However,
25(0OH)D concentrations were similar between study groups at the 90- and 365-day time
points, respectively (Figure 2).

Impact of bolus vitamin D3 on plasma PTH concentrations

PTH concentrations were measured at baseline, 5 days, 90 days and 365 days, and are
shown in Figure 3. At baseline, both the vitamin D and placebo groups had nearly equal
PTH concentrations (geometric mean ratio 1.02, P = 0.86), with no study participants
outside a normal range (8-51 ng/l). Geometric means at each visit are plotted, together with
their 95% confidence intervals. There were no significant differences in PTH concentrations
between groups at any of the study time points after vitamin D3 administration.

Adverse events

There were no signs of hypervitaminosis D following the administration of this dose. Serum
calcium between groups was not significantly different after 5 days (P = 0.73), with all
individuals remaining within the reference range of our laboratory. One study participant in
the vitamin D group developed a nontoxic goiter 11 months after receiving the treatment.

DISCUSSION

In our population of young, healthy, adults, a single dose of 250 000 IU of vitamin D3
produced a robust and significant increase in plasma 25(OH)D within 5 days, but fell to
baseline values within 90 days of receiving the dose. We observed no corresponding
changes in plasma PTH concentration and no changes in plasma calcium levels during the
study.

Our results reproduced the expected physiologic effect of a large, oral bolus on vitamin D
status; oral doses of vitamin D3 >100 000 IU tend to cause a peak in circulating 25(OH)D
concentrations between 7 and 30 days following the dose® followed by a gradual
decline.24-26 However, the dose used in our study appears to be inadequate to promote
vitamin D sufficiency over the winter months and throughout the following year in the
population we studied. Although vitamin D3 supplementation with doses >100 000 IU and
doses >200 000 1U are generally able to sustain 25(OH)D concentrations >20 ng/ml and >30
ng/ml, respectively, in the short term27=37 such increases are only sustained at 3-month time
points in studies that used either larger doses of vitamin D3 (500 00034 and 600 000 1U33:36)
or administered lower doses (100 00038 and 250 000 IU of vitamin D339) to relatively
vitamin D-sufficient populations (27.1 and 30.5 ng/ml, respectively). In contrast, in our
study population at baseline, only two participants were vitamin D sufficient, whereas five
were insufficient and 21 were deficient (plasma 25(OH)D concentration <20 ng/ml). The
degree of vitamin D deficiency observed in our sample, which comprised participants who
spent <10 h outdoors per week (range 2—-20 h/week), has been reported elsewhere. It is well-
documented that indoor workers are vitamin D deficient compared with those who work
outdoors39-42 and that vitamin D status is correlated with hours spent outdoors.*0 However,
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the participants in this study had a lower 25(OH)D concentration at baseline than indoor
workers in other studies, 394142 and spent less time outdoors by self-report than the mean
reported in another study of indoor workers.40

Our findings also reinforced the idea that many people receiving daily vitamin D
supplementation may still not have optimal vitamin D status. Of five participants receiving
vitamin D supplementation at baseline, only one was vitamin D sufficient, whereas the
others had 25(OH)D concentrations <20 ng/ml. Although it is likely that the adherence to
daily dosing was highly variable in these selected participants, this finding may also indicate
that daily supplementation with 400-1000 IU is inadequate in vitamin D-deficient
populations. As suggested by Vieth et al.,*3 doses as high as 1 700 U daily may be
necessary to maintain blood 25(OH)D concentrations >32 ng/ml.

Overall, it is likely, given the vitamin D deficiency of our population, that a higher dose of
vitamin D3, or potentially even additional doses in insufficient individuals, could be
necessary to promote optimal concentrations of vitamin D over a 3- to 4-month period
following the initial bolus. Providing 50 000 IU of vitamin D3 at monthly intervals sustained
25(0OH)D concentrations >20 ng/ml in 96.2% of a healthy, young, vitamin D-insufficient
population when administered over 6 months,** and concentrations averaging >30 ng/ml
when administered over 3-5 months in vitamin D-insufficient elderly individuals.32
Preceding 50 000 1U monthly boluses by a 500 000 1U loading dose yielded even better
results, showing vitamin D status to increase safely during the first month.32 Murdoch et
al.%> showed efficacy with a similar dosing strategy; 100 000 1U doses of vitamin D3
administered monthly (following one or two 200 000 IU loading doses) promoted continued
vitamin D sufficiency and prevented the decline in winter concentrations of vitamin D.
Ultimately, although a variety of potential strategies may provide more sustained circulating
25 (OH)D concentrations, it appears that the magnitude of the dose necessary may be linked
to the baseline vitamin D status of the population.

Strengths of our study include 100% adherence to the initial dose and >80% follow-up at
each of the three time points, with attrition between groups randomly distributed. Subjects
were also fairly healthy by self-report, with few reported medications (oral contraceptives,
selective serotonin reuptake inhibitors, proton-pump inhibitors, albuterol inhalers and short
courses of antibiotics), and no chronic illnesses that would compromise study results or add
additional variables. The major limitation of the study is sample size precluding analysis of
any potential confounders of the vitamin D3 response (for example, BMI, skin pigmentation
and baseline vitamin D status). Our results in a young, healthy population also cannot be
generalized to the overall population, older individuals or those with underlying disease
states.

CONCLUSION

A single, 250 000 IU dose of vitamin D3 given before winter resulted in a very robust and
significant increase in serum 25(0OH) D after 5-10 days but was unable to prevent the
seasonal decline of plasma 25(OH)D after 3 months. Although this dose may have been
adequate for those who were vitamin D-sufficient at baseline, vitamin D-deficient
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individuals may require additional doses, either as a loading dose or maintenance doses.
Importantly, this study showed a dose of 250 000 IU of vitamin D3 given at once to be safe
in a healthy, young adult population, and may thus help inform vitamin D dosing regimens
in future studies.
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Figure 1.

CONSORT Diagram. Twenty-nine adults were deemed eligible for inclusion by our

Page 10

screening questionnaire and provided informed consent for participation in the study. One
subject declined participation following consent and before administration of the vitamin D
dose or placebo. The remaining 28 subjects were randomized into blocks of six. In each

block, three subjects received placebo and three received vitamin D. The subjects

demonstrated good follow-up (>80% at 5, 90 and 365 days) with attrition randomly in both
groups, aside from one subject who did not return following the dose in the placebo group.
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Figure2.
Geometric mean plasma 25(OH)D at each visit. Plasma 25-hydroxyvitamin D (25(OH)D)

concentrations were measured at baseline, 5 days, 90 days and 365 days following an oral
dose of 250 000 IU of vitamin D3. The plasma 25(OH)D concentration increased 130%
relative to placebo at the 5-day time point (GMR 2.31, P<0.0001), but it did not sustain this
significant increase at additional time points. There was no significant change in either
group from baseline measured over the winter months (comparing baseline and 90-day time
points). Geometric means at each visit are plotted, together with their 95% confidence
intervals.

Eur J Clin Nutr. Author manuscript; available in PMC 2015 August 01.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

Kearns et al.

45

40 —

o A

356

30

254

95% Confidence Intervals for
Mean Plasma PTH (pg/mL)

SRR I

20 1

—————— e ——
f= 5 44

15

— Placebo
---- Vitamin D

T
|

R LS S EEEEEES

'
-

1 T T
0 5 90

Time in Days

Figure 3.

1
365

Geometric mean plasma PTH at each visit. Plasma parathyroid hormone (PTH)
concentrations were measured at baseline, 5 days, 90 days and 365 days following an oral
dose of 250 000 IU vitamin D3. At baseline, no participants had abnormal PTH
concentrations. There was no significant difference between PTH concentrations at baseline
and any additional time points or between groups. Geometric means at each visit are plotted,

together with their 95% confidence intervals.
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Table 1
Participant demographics
Baseline characteristics Study arm
Vitamin D (n=14) Placebo (n = 14)

Age, year, mean (s.d.) 28.2 (6.7) 26.5(5.2)
Female, n (%) 12 (86) 10 (71)
White, n (%) 9 (64) 9 (64)
Weight, kg, mean (s.d.) 66.6 (9.3) 65.5 (10.2)
Height, m, mean (s.d.) 1.7 (0.1) 1.7 (0.1)
BMI, mean (s.d.) 23.7(2.9) 22.3(2.2)
Fitzpatrick scale, n

Type 2 5 6

Type 3 4 4

Type 4 2 2
Serum calcium level, mg/dl, mean (s.d.) 9.3(0.3) 9.2(0.3)
Hours outdoors, week, mean (s.d.) 9.0(5.2) 70(5.4)
Current vitamin D supplementation, n 4 1

Study participants (n = 28) at baseline were between ages 18 and 65 years and were healthy by self-report. Participants were not pregnant or
chronically ill and worked at indoor occupations. None of the participants reported smoking or excessive alcohol consumption. Hours outdoors,
height, weight and details of current vitamin D supplementation were collected by self-report. There were no significant differences between the
groups at baseline. Few participants (n = 2) were vitamin D sufficient (25(OH)D >30 ng/ml), and many (n = 21) had 25(OH)D concentrations <
20ng/ml. Of five participants taking vitamin D supplementation (400-10001U daily) at the start of the study, only one was vitamin D sufficient.
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