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BACKGROUND: The Institute of Medicine (IOM) dietary
guidelines for vitamin D are based on limited pediatric data.
Our objective was to estimate the dietary vitamin D require-
ments for maintaining serum 25-hydroxyvitamin D [25(0OH)D]
concentrations at the various IOM-considered thresholds of
vitamin D status (12, 16, and 20ng/ml) during fall and winter
in children.

METHODS: Ninety-six healthy 8- to 14-y-old Pittsburgh-area
black and white children enrolled in a randomized, placebo-
controlled trial of vitamin D, 1,000 U daily for 6 mo with
baseline and 2-mo follow-up assessments completed during
October through April were studied. Vitamin D intake from
diet and study supplement adjusted for adherence and serum
25(OH)D were measured.

RESULTS: The vitamin D intakes needed to maintain serum
25(0OH)D concentrations at 12, 16, and 20ng/ml in 90% of the
children were 581, 1,062, and 1543 |U/day, respectively. The
estimated vitamin D intakes needed to maintain serum 25(0OH)
D concentrations at 20ng/ml in 97.5% of the children was
2,098 IU/day.

CONCLUSION: Our data suggest that the current vitamin D
recommended dietary allowance (RDA) (600 IU/day) is insuffi-
cient to cover the skeletal health needs of at least 50% of black
and white children.

Vitamin D is an essential nutrient for bone health and cal-
cium homeostasis. Rickets in children and osteomalacia
in adults are disorders of poor mineralization of osteoid tissue
and are the osteopathic consequence of severe and prolonged
vitamin D deficiency (1). Maintaining optimal vitamin D sta-
tus is critical for the prevention of rickets and the less severe
consequences of hypovitaminosis D osteopathy. Sources of
vitamin D include, mainly, vitamin D synthesized in the skin
from casual sunlight exposure, diet, and dietary supplements
(2-4). Skin color, season, and latitude of residence influence
vitamin D photosynthesis (5-9). The Institute of Medicine
(IOM) disregarded the contribution of “photosynthesized

vitamin D” while calculating the dietary reference intakes
(DRIs) for vitamin D because of the inherent risks of casual
sunlight exposure, namely, photo-induced skin damage and
skin cancer, and challenges posed by variations of human skin
color for quantifying the safe duration of sunlight exposure
needed for vitamin D synthesis (10).

The 2011 IOM vitamin D DRI guidelines were based on
a risk assessment framework for indicators of bone health
such as calcium absorption, bone mineral density, and risk
of rickets and osteomalacia in healthy individuals (10). The
DRI committee considered circulating concentration of total
25-hydroxyvitamin D [25(OH)D] as a marker of vitamin D
status and exposure, and defined concentrations <12ng/ml
as deficient, and >20 ng/ml as sufficient, and deemed concen-
trations of 16 and 20ng/ml as adequate to meet the skeletal
health needs of 50 and 97.5% of the population, respectively
(10). The estimated intake of vitamin D required to achieve
a serum 25(OH)D concentration of 16ng/ml in 50% and
20ng/ml in 97.5% of >1-y-old US children, respectively, was
400 and 600 IU/day. These estimates, based on simulations
of dose-response data gathered at higher latitudes during
winter, were limited by insufficient pediatric data and lack of
racially diverse sample of children, and remain to be refined.
We utilized data from a randomized, double-blind, placebo-
controlled vitamin D, supplementation trial in black and white
children and estimated the dietary vitamin D requirements for
maintaining serum 25(OH)D concentrations at the various
IOM-considered thresholds of vitamin D status (12, 16, and
20 ng/ml) during fall and winter.

RESULTS

We studied 96 black and white children with baseline and
2-mo follow-up assessments completed during October
through April. The mean age of our study children was
11.4+ 1.9 y. Fifty-two of the children were black and 51 of the
children were randomized to the vitamin D supplemented
group. Baseline characteristics between vitamin D and placebo
group were similar (Table 1). Black children had higher BMI,
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Table 1. Baseline characteristics by intervention

Vitamin D group

Placebo group

N=51; N (%) or mean £ SD or

N=45; N (%) or mean + SD or

median (25th-75th quartile) median (25th-75th quartile) Pvalue
Demographic
Male 24 (47) 26(58) 0.29
Age (years) 11.3£1.9 11.5£1.9 0.64
Weight (kg) 43.2(35.4-60.0) 46.3 (37.0-59.0) 0.77
Height (cm) 148.4+13.1 150.1£124 0.51
BMI (kg/m?) 20.6(17.8-23.3) 20.2(17.9-23.9) 0.69
Tanner stage
Tanner | (prepubertal) 21(41.2) 15(33.3) 0.63
Tanner lland lll (early and mid pubertal) 19(37.2) 21(46.7)
Tanner IV andV (late pubertal) 11(21.6) 9(20.0)
Skin type
1,11, and Il (light-skinned) 23(46) 20(44.4) 0.88
IVandV (dark-skinned) 27 (54) 25(55.6)
Melanin index
Forehead 49.9 (36.2-67.9) 49.9(34.5-77.9) 0.97
Laboratory data
Calcium (mg/dl) 9.7 (9.4-10.0) 9.6 (9.5-9.9) 0.79
Phosphorus (mg/dl) 5.0%05 5.1+0.60 0.55
Albumin (g/dl) 42+0.3 42+0.3 0.70
25(0H)D (ng/ml) 20.8+7.9 189+7.3 0.23

Dietary intake
Calcium (mg/day)
Vitamin D (IU/day)

942 (688-1,563)
189 (130-392)

1,130(734-1,581)
224 (154-406)

0.54
037

pubertal status, sunreactive skin type, and melanin index when
compared to white children at baseline (Table 2). In addition,
at baseline, black children had lower mean 25(OH)D concen-
trations and higher median serum calcium concentrations
than white children (Table 2). Compliance rate by pill count
was greater than 80% in the vitamin D and the placebo group
and did not differ between the two groups (compliance median
(25th, 75th percentile): vitamin D group 0.92 (0.85, 0.99) vs.
placebo group 0.92 (0.77, 1), P = 0.74). No child developed
hypercalcemia during vitamin D supplementation.

Effects of Vitamin D Supplementation

Effects on mean 25(0OH)D concentrations. Baseline 25(OH)
D concentrations were not significantly different between the
vitamin D and placebo group (Table 3). The 2-mo follow-
up 25(OH)D concentrations were higher in children in the
supplemented group than in children in the placebo group.
The increase in 25(OH)D concentrations in the supplemented
children and decrease in 25(OH)D concentrations in children
in the placebo group were significant.

Effects on mean calcium, phosphorus, and albumin concentra-
tions. Calcium, phosphorus, and albumin concentrations were

Copyright © 2016 International Pediatric Research Foundation, Inc.

not significantly different between the vitamin D and the placebo
group at baseline and at the 2-mo follow-up visit (Table 3). The
decreases in phosphorus and albumin concentrations in children
in the placebo group were significant.

Correlations between change in 25(OH)D concentrations and
baseline 25(OH)D concentrations. Lower baseline 25(OH)
D concentrations were associated with a higher magnitude
of change in 25(OH)D concentrations at the 2-mo follow-up
overall (r = —-0.33, P = 0.001), and in black children (r = —0.49,
P < 0.001) but not in white children (r = 0.05, P = 0.73). Also,
the 2 mo changes in 25(OH)D concentrations in the vitamin
D supplemented (r = —0.43, P = 0.002) and placebo (r = —0.46,
P = 0.002) groups were inversely associated with baseline
25(OH)D concentrations.

Relationship Between Total Vitamin D Intake and 25(0H)D
Concentrations

Total vitamin D intake derived from diet and study supple-
ment (vitamin D, 0 or 1,000 IU daily) adjusted for adherence
was positively associated with 25(OH)D concentrations dur-
ing fall and winter (partial r* = 0.245, P < 0.0001) as shown in
Figure 1. The unadjusted slope of the relation between total
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Table 2. Baseline characteristics by race

All children

Black

White

Pvalue

N=96;N (%) or mean

+SD or median

N=52;N (%) or mean

+SD or median

N=44; N (%) or mean

+SD or median

Black vs. White

(25th-75th quartile) (25th-75th quartile) (25th-75th quartile) difference
Demographic
Male 50(52) 27(51.9) 23(52.3) 0.97
Age (years) 11.4+19 11.7+£1.9 11+£1.8 0.053
Weight (kg) 44.5(36.3-59.1) 49.6 (39.2-64.1) 40.3(33.4-54.2) 0.005
Height (cm) 149.2+12.8 151.8+12.8 146.2+12.1 0.034
BMI (kg/m?) 20.4(17.8-23.6) 21.8(18-27.1) 19.7(17.0-22.1) 0.019
Tanner stage
Tanner | (prepubertal) 36(37.5) 15(28.8) 21(47.7) 0.006
Tanner Il and lll (early and mid pubertal) 40(41.7) 20(38.5) 20(45.5)
Tanner IVandV (late pubertal) 20(20.8) 17 (32.7) 3(6.8)
Skin type
1,1, and 1l (light-skinned) 43 (45.3) 6(11.8) 37(84.1) <0.0001
IV andV (dark-skinned) 52(54.7) 45 (88.2) 7(15.9)
Melaninindex
Forehead 49.9(35.2-73.1) 73.1(59.0-82.0) 35.2(33.7-38.6) <0.0001
Laboratory data
Calcium (mg/dl) 9.6 (9.4-10.0) 9.8(9.5-10.2) 9.6 (9.4-9.8) 0.001
Phosphorus (mg/dl) 5.0+0.5 5.0+0.6 51+0.5 0.17
Albumin (g/dl) 42+03 43+0.3 42+0.2 0.064
25(0H)D (ng/ml) 19.9+7.7 17.0+7.4 234+65 <0.0001
Dietary intake
Calcium (mg/day) 984 (694-1,580) 943 (597-1,640) 1029 (773-1,554) 0.32
Vitamin D (IU/day) 200 (132-400) 192 (125-362) 234 (149-403) 0.14
Treatmentarm
Placebo 45 (46.9) 24 (46.2) 21(47.7) 0.88

vitamin D intake and 25(OH)D concentrations in black and
white children was 0.94ng/ml for each 100 IU/day of vitamin
D intake. Race did not modify the association between 25(OH)
D concentrations and total dietary vitamin D intake (P = 0.50).
Pubertal status was a significant predictor of 25(OH)D con-
centrations adjusted for total vitamin D intake (P = 0.005).
Whereas race (P = 0.26) and BMI (P = 0.31) were not signifi-
cant predictors of this association.

The slope of the relation between total vitamin D intake and
25(OH)D concentrations adjusted for race and pubertal status
was 0.84ng/ml for each 100 IU/day of vitamin D intake (R* = 0.36,
P < 0.0001). Our estimated dietary vitamin D requirements for
maintaining 25(OH)D concentrations at 12, 16, and 20ng/ml in
50, 90, 95, and 97.5% of our sample is shown in Table 4. Our
data show that the vitamin D intakes needed to maintain serum
25(OH)D concentrations at 12, 16, and 20ng/ml in 90% of the
children were 581, 1,062, and 1,543 IU/day, respectively. The esti-
mated vitamin D intakes needed to maintain serum 25(OH)D
concentrations at 16 ng/ml in 50% of the children was 10.6 TU/
day and at 20ng/ml in 97.5% of the children was 2,098 IU/day.
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DISCUSSION

Our results indicate that the current recommended dietary
allowance (RDA) for vitamin D may be inadequate in chil-
dren residing in higher latitudes during winter. The IOM has
suggested that maintaining 25(OH)D concentrations >20ng/
ml as sufficient for optimal skeletal health in children and an
intake of 600 IU of vitamin D/day as the RDA for maintaining
25(OH)D concentrations at 20 ng/ml in 97.5% of children > 1
y of age (10). According to our findings, the current vitamin
D RDA (600 IU/day) is insufficient to cover the skeletal health
needs of at least 50% of black and white children.

The IOM vitamin D DRI committee had deemed 25(OH)
D concentrations of 16 ng/ml as the median value for main-
taining optimal skeletal health—concentration above which
will be adequate for 50% of the population and concentration
below which will be inadequate for 50% of the population (10).
The committee set 12 and 20 ng/ml as the lower and upper lim-
its of 25(OH)D requirements for meeting the skeletal health
needs, with the presumption that 25(OH)D concentrations of
20 ng/ml would be sufficient to cover the needs of 97.5% of the

Copyright © 2016 International Pediatric Research Foundation, Inc.
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Table 3. Laboratory data in vitamin D and Placebo groups before
and after intervention

Vitamin D Placebo Vitamin
group group Dyvs.
(N=51); (N=45); placebo,
mean+SD mean+SD  Pvalue
25(0OH)D (ng/ml)
Baseline 20.8+7.9 189+7.3 0.23
Follow-up 26.1+8.3 17.1£7.0 *<0.0001
Within group change Pvalue  <0.0001 0.041
Calcium (mg/dl)
Baseline 9.7+0.4 9.7+04 0.70
Follow-up 9.6+04 9.6+0.3 *0.86
Within group change Pvalue 0.22 0.30
Phosphorus (mg/dl)
Baseline 5.0+05 51+06 0.55
Follow-up 5.0+0.6 49+0.6 *0.93
Within group change Pvalue 0.12 0.039
Albumin (g/dl)
Baseline 42+03 42+0.3 0.70
Follow-up 42+03 41+0.3 *0.43
Within group change P value 0.27 0.034

Pvalues <0.05 are shown in bold.
*comes from analysis of covariance.

population and <12 ng/ml would be associated with vitamin D
deficiency (10). The committee examined dose-response data
from nine vitamin D intervention studies conducted during
winter (minimal UV-B exposure) in 6- to >60-y-old individu-
als living in higher latitudes in northern Europe (>49.5°N) and
Antarctica (78°S) and formulated a regression equation for
estimating the response of 25(OH)D concentrations to total
vitamin D intake (10). The IOM committee estimated vita-
min D intake required to achieve a 25(OH)D concentration of
16 ng/ml in 50% of the population (estimated average require-
ment (EAR)) and 20ng/ml in 97.5% of the population (RDA)
were 400 and 600 IU/day, respectively (10). Whereas, in our
study, the EAR was 10.6 IU/day and RDA was 2,098 IU/day.
Our considerably lower EAR can be explained by likely the
contributions of summertime sun exposure to serum 25(OH)
D concentrations, as our study was conducted at a lower lati-
tude (40.4°N and 40.8°N) than the studies considered by IOM.
The differences in the estimates can be attributed to the differ-
ences in the regression models and cohort characteristics. The
IOM estimates were based on a curvilinear fit model derived
using pooled data from 6- to >60-y-old individuals, whereas
our estimates were based on a linear regression model derived
using data from a single site study of 8- to 14-y-old black and
white children, and half of our sample comprised of black
children.

In this study, supplementation with vitamin D, 1,000 IU
daily for 2 mo during October through April was safe and effec-
tive. Mean 25(OH)D concentrations increased significantly in

Copyright © 2016 International Pediatric Research Foundation, Inc.
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Figure 1. Relationship between serum 25(0OH)D concentrations and total
vitamin D (diet + supplement x adherence) intake. The prediction line of
this association is shown in bold. The shaded area encompassing the pre-
diction line depicts the 95% confidence limits of the prediction line. The
interrupted lines depict the 95% prediction confidence intervals.

the supplemented children and decreased significantly in the
placebo group at 2 mo. The decrease in 25(OH)D concentra-
tions in the placebo group reflect the influence of season on
vitamin D status of children living in higher latitudes during
fall and winter, and validate that our assessments were done
during periods of minimal UV-B light exposure. The decrease
in phosphorus and albumin at 2 mo in the placebo group was
not clinically relevant. The magnitude of change in 25(OH)
D concentrations at the 2-mo follow-up was inversely associ-
ated with baseline 25(OH)D concentrations in black but not
in white children mainly because black children had signifi-
cantly lower basal 25(OH)D concentrations than white chil-
dren (11,12).

In this study, pubertal status was a significant predictor of
25(OH)D concentrations. This finding is consistent with our
previous report examining the predictors of 25(OH)D concen-
trations in 8- to 18-y-old black and white children (13). We
speculate that this is primarily due to the fact that adolescent
children have higher rates of vitamin D deficiency and lower
intakes of dietary vitamin D when compared to preadolescent
children (14).

Data regarding estimations of dietary requirements of
vitamin D in children are limited. Cashman et al. (15) have
reported a higher slope for the relation between vitamin D
intake and 25(OH)D concentration (2.43ng/ml per 100 IU
of vitamin D,) during winter in 144 white, healthy adoles-
cent Finnish (latitude: 55°N) and Danish (latitude 60°N) girls,
and their estimated EAR and RDA were 200 and 744 IU/day,
respectively. Stratified dosing (placebo or 200 or 400 IU/day)
yielding a tighter and a well-correlated dose-response curve, a
sample comprising of only Caucasian adolescent girls, higher
basal 25(OH)D concentration (22.6+5.6ng/ml), and lack
of influence of basal 25(OH)D on the responsive changes in
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Table 4. Estimated dietary vitamin D requirement percentiles (IU/day)

25(0OH)D cutoff 50th 90th 95th 97.5t
=12ng/ml -b 581 (340, 785) 877 (635,1,151) 1,137 (856, 1,493)
=16ng/ml 10.6 (=357,221)¢ 1,062 (854, 1,330) 1,359 (1,092, 1,744) 1,618(1,290,2,110)
>20ng/ml 489(288,657) 1,543 (1,269, 1,973) 1,840 (1,494, 2,404) 2,098(1,685,2,781)¢

*Estimates (95% bootstrap Cl) are based on a model of serum 25(0OH)D as a function of vitamin D intake, race, and pubertal status and 10,000 bootstrap replicates. °Data does not
support estimating the required intake of vitamin D intake for 25(0H)D cutoff of =12 ng/ml in 50% of the study cohort. “Cells contain results extrapolated beyond the observed

quantities of daily vitamin D intake.

25(OH)D could explain the contrast in the findings between
the present study and their report.

Our findings highlight the relevance of the contributions
of summertime sun exposure for maintenance of 25(OH)
D concentrations during winter in children living in the
Northeastern parts of US (13,16)—25(OH)D concentrations
of 16 ng/ml was maintained in 50% of our sample without any
or negligible intake of dietary vitamin D. The estimated daily
intake of vitamin D required to maintain 25(OH)D concentra-
tions at 16 and 20ng/ml in 50% of our study cohort was 10.6
and 489 IU respectively. However, it’s apparent from our data
that the current IOM-set RDA of 600 IU/day may be inade-
quate. Our estimated intakes of vitamin D needed to maintain
25(OH)D concentrations at 12, 16, and 20ng/ml in 97.5% of
our study cohort during winter were 1,137, 1,618, and 2,098
IU/day, respectively. Our findings are relevant for determin-
ing the vitamin D requirements of children residing in other
areas of the world with comparable latitudes (above 40°N (e.g.,
Madrid, Spain) or below 40°S).

Guidelines regarding dietary vitamin D requirements and con-
centrations of 25(OH)D deemed as essential for optimal skeletal
health remain controversial and lack consensus at a global level.
The Endocrine Society in the US has defined 25(OH)D thresh-
old concentrations for vitamin D deficiency, insufficiency, and
sufficiency as <20, 20 - <30, and >30ng/ml, respectively; and
recommended a vitamin D intake of 600-1,000 IU/day in 1- to
18-y-old children for the prevention of vitamin D deficiency and
suggested a vitamin D intake of 1,000 IU/day to consistently
maintain their 25(OH)D concentrations above 30ng/ml (17).
Vitamin D guidelines also vary widely in European countries
(18). Nordic countries (Denmark, Finland, Iceland, Norway, and
Sweden) recommend a vitamin D intake of 400 IU/day for infants
and children to achieve a target serum 25(OH)D concentration
of >20ng/ml (19). Children residing in Germany, Austria, and
Switzerland have been recommended to meet a daily vitamin D
intake of 800 IU/day for maintaining a target 25(OH)D concen-
tration of >20ng/ml (18). Central European children are recom-
mended a vitamin D intake of 600-1,000 IU/day to maintain a
target 25(OH)D concentrations of 30-50ng/ml (20). Given the
variability in the vitamin D recommendations, a unifying policy
guideline for addressing the prevention of vitamin D deficiency
at global level is warranted (21).

Limitations of our study include short duration of vitamin D
intervention with single instead of multiple doses, lack of infor-
mation regarding travel to sunny location during the interven-
tion period, and the presumption that the association between

18  Pediatric RESEARCH Volume 80 | Number 1 | July 2016

vitamin D intake and change in 25(OH)D concentrations is
linear. Recent studies have highlighted the relevance of dietary
25(OH)D from animal foods as an undocumented food source
of vitamin D (22). Vitamin D content of certain animal foods
based on their potency-adjusted 25(OH)D content were higher
and increased by 68 to 116 IU (23). Incorporation of potency-
adjusted 25(OH)D content in our estimates of basal dietary
intake of vitamin D could have reduced some of the incon-
gruence between the estimated vitamin D intake and serum
25(0OH)D concentrations, namely, our considerably lower
EAR of 10.6 IU/day for maintaining 25(OH)D concentrations
of 16 ng/ml in 50% of our study population. Representation of
black children and contribution to the limited literature per-
taining to the estimation of dietary vitamin D requirements in
children are strengths of our study.

In conclusion, 25(OH)D concentration is positively associ-
ated with total vitamin D intake in black and white children
during winter. Pubertal status is a significant predictor of
25(OH)D adjusting for vitamin D intake. Vitamin D intake
required for maintaining 25(OH)D concentrations at 20 ng/ml
in 97.5% of black and white children, adjusting for race and
pubertal status, was threefold higher (=2,000 IU/day) than the
current RDA (600 IU/day). Our findings suggest that future
studies are warranted to refine the current IOM suggested
RDA for vitamin D in children.

METHODS

Study Design and Participants

We conducted a secondary analysis in a subset of subjects enrolled in a
randomized, double-blind, placebo-controlled trial (Clinicaltrials.gov
identifier: NCT00732758) that examined the effects of supplemen-
tation with vitamin D, 1,000 IU daily for 6 mo on serum 25(OH)D,
parathyroid hormone, and markers of bone turnover in healthy 8- to
14-y-old black and white children from Pittsburgh (latitude: 40.4°N)
and Kittanning (40.8°N), Pennsylvania. Children not receiving vitamin
supplements entered the trial during October through March of 2008
through 2011. Details and findings of the primary study have been
reported (24). Our subjects for this study were children with baseline
and 2-mo follow-up evaluations completed during October through
April, a period of reduced solar ultraviolet-B (UV-B) radiation.
We chose to examine the 2 mo rather than the 6-mo outcomes mainly
because majority of the 6-mo follow-up visits (89%) were completed
during late spring and summer months (May through September).
This strategy for subject selection eliminated the confounding effects
of sun exposure on the relationship between dietary vitamin D and
serum 25(OH)D. The clinical trial was approved by the University of
Pittsburgh Institutional Review Board. Parental consent and subjects’
assent were obtained prior to initiation of study procedures.

Study Intervention
Children were randomized by race to receive a vitamin D,1,0001U or pla-
cebo tablet once daily in a 1:1 ratio. Both the tablets were manufactured

Copyright © 2016 International Pediatric Research Foundation, Inc.
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by Douglas Laboratories (Pittsburgh, PA), and were similar in color and
appearance, and were dispensed masked in identical containers. Study
medications were manufactured and supplied in two batches. The aver-
age vitamin D, content of the vitamin D, tablet, analyzed as described
before (25), was =1129 IU in the first batch around the mid-point of its
shelf-life, and 1,140 IU in the second batch at the end of the trial.

Study Measurements

Anthropometry, skin color, dietary vitamin D and calcium, pubertal
status, biochemical measurements, and compliance. Our baseline
study measurements included height, weight, calculated BMI, skin
color, pubertal status, and dietary intake of vitamin D and calcium
intake. We assessed skin color by parent-reported sunreactive skin
type (26,27) and forehead melanin index using DSM II Colormeter,
a hand-held dermatospectrophotometer (Cortex Technology,
Hadsund, Denmark). We estimated pubertal status by physical exam-
ination (28,29) and dietary intake of vitamin D and calcium using
a validated food frequency questionnaire (30,31). Our biochemical
measurements for this analysis included serum calcium, phosphorus,
albumin, and 25(OH)D collected at baseline and 2-mo follow-up.
Serum 25(OH)D was assayed using liquid chromatography-tandem
mass spectrometry as described before (24,32). We assessed compli-
ance by pill count at the 2-mo follow-up.

Statistical Analysis
We conducted a secondary analysis from a randomized, placebo-con-
trolled vitamin D trial with a sample size of 157 children (24). Only
children with baseline and 2-mo follow-up visits completed between
October and April and no missing adherence data were included in
this analysis. Therefore, the sample size for this analysis was decreased
to 96 children. This sample size was not determined prior to the study.
We compared the baseline demographic, clinical, and dietary char-
acteristics across race (black vs. white children) and treatment (vita-
min D-supplemented vs. placebo) groups using two-sample t-tests and
chi-square analyses. We used Wilcoxon Rank Sum tests to compare the
medians between the respective race and treatment groups when the
data were skewed. We used analysis of covariance to compare 2-mo
25(OH)D, calcium, phosphorus, and albumin between the vitamin D
and placebo groups controlling for the corresponding baseline mea-
sure. We tested within group changes of the measures using paired
t-tests. We estimated the correlation between baseline 25(OH)D and
changes in 25(OH)D using Pearson correlation coefficient. To estimate
the required vitamin D intake for achieving certain concentrations of
serum 25(OH)D, we used methods similar to Cashman et al. (15) by
modeling the association between 25(OH)D as a function of dietary
vitamin D (assigned group dose x adherence + dietary vitamin D
intake at baseline) adjusting for race and Tanner stage. We tested if the
association between dietary vitamin D and 25(OH)D was different for
black and white children using an interaction term in the linear regres-
sion model. From the final regression model, we estimated the dietary
intake of vitamin D that would correspond to having a percent (50, 90,
95, 97.5) of the population maintain serum 25(OH)D concentrations
of 212, 216, and 220 ng/ml. The 95% confidence intervals were calcu-
lated using bootstrap based on 10,000 replications. All tests were two
sided (o = 0.05) and analyses were conducted in SAS Enterprise Guide
6.1 (SAS Institute, Cary, NC).
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