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Objective: The aim of the study was to examine the relationship between vitamin D status, total
and abdominal adiposity, and lipids in black and white children.

Methods: Plasma 25-hydroxyvitamin D [25(OH)D], adiposity [body mass index (BMI), percentage of
total body fat, visceral adipose tissue (VAT), sc adipose tissue (SAT)], and fasting lipids were assessed
in healthy obese and nonobese 8- to 18-yr-old black and white children.

Results: We studied 237 children (mean � SD age, 12.7 � 2.2 yr; 47% black, 47% obese, and 43%
male). Mean 25(OH)D concentration for the entire cohort was 19.4 � 7.4 ng/ml. The majority of the
children were vitamin D deficient [25(OH)D � 20 ng/ml; 73% blacks, 40% whites]. Plasma 25(OH)D
was associated inversely with BMI, BMI percentile, percentage of total body fat, VAT, and SAT and
positively with HDL cholesterol in the entire cohort. VAT was higher in vitamin D-deficient whites,
and SAT was higher in vitamin D-deficient blacks compared with their respective vitamin D-non-
deficient counterparts. Race, season, pubertal status, and VAT were independent significant pre-
dictors of 25(OH)D status.

Conclusions: In black and white youth examined together, lower levels of 25(OH)D are associated
with higher adiposity measures and lower HDL. Furthermore, vitamin D deficiency is associated
with higher VAT in whites and greater SAT in blacks. Besides therapeutic interventions to correct
the high rates of vitamin D deficiency in youth, benefits of vitamin D optimization on adiposity
measures and lipid profile need to be explored. (J Clin Endocrinol Metab 96: 1560–1567, 2011)

Studies in adults and children have shown a link be-
tween obesity and vitamin D status (1–6). Serum 25-

hydroxyvitamin D [25(OH)D], the recognized biomarker
of vitamin D status, is inversely associated with clinical
and laboratory measures of adiposity such as body mass
index (BMI), waist circumference, and percentage of total
body fat in adults and adolescents (1, 2, 4, 7–10). Seques-
tration of vitamin D in body fat stores and its consequent
reduced bioavailability offer a plausible explanation for

this association (5, 11). Racial and ethnic differences in the
degree of adiposity and distribution of body fat are well
recognized (12–16). For a given BMI, African-American
children have lower levels of adiposity than Caucasian
children (12). Furthermore, distribution of abdominal ad-
ipose tissue varies by race—compared with Caucasian
children, African-American children have lower visceral
adipose tissue (VAT) and higher sc adipose tissue (SAT)
(13). Racial differences in abdominal fat topography may
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explain the racial variations in the metabolic risks of ab-
dominal adiposity, such as higher diabetogenic risk and
better lipid profile in African-Americans compared with
Caucasians (13, 17).

Data characterizing the racial differences in the rela-
tionship between vitamin D status and adiposity, partic-
ularly abdominal adipose tissue distribution, are limited.
Because adiposity is a risk factor for hypovitaminosis D
and dyslipidemia and abdominal fat topography (distri-
bution of SAT and VAT) influences the metabolic risks of
adiposity, we examined the racial differences in the rela-
tionship between vitamin D status, BMI, total body adi-
posity, intraabdominal SAT and VAT, and lipid levels in
healthy obese and nonobese 8- to 18-yr-old black and
white children.

Subjects and Methods

Participants
Subjects were 237 normal-weight and overweight 8- to 18-

yr-old black and white otherwise healthy children residing at a
latitude of 40.4° N in Pittsburgh, Pennsylvania, of whom 28 had
a diagnosis of polycystic ovary syndrome without any treatment.
Subjects were participants in an ongoing National Institutes of
Health-funded RO1 grant “Childhood Metabolic Markers of
Adult Morbidity in Blacks” and a K24 grant “Childhood Insulin
Resistance.” Subjects were enrolled between November 1995
and April 2009. Data from some of these participants have been
reported previously (18–20). The studies were approved by the
University of Pittsburgh Institutional Review Board. Signed
parental informed consent and participant assent were ob-
tained before enrollment. Healthy research volunteers were
recruited through newspaper advertisements, fliers posted on
bus routes, youth recreational locations, and the university cam-
pus. Children with diabetes or on medications that influence
glucose or lipid metabolism or blood pressure were excluded.
Medical history and physical examination, with assessment of
pubertal development using Tanner staging, and routine hema-
tological and biochemical tests were performed in all partici-
pants to ensure that subjects who entered into the protocol were
healthy. Race was determined by self-identity of the parents as
being black or white for at least three generations.

Study design
All study procedures were completed at the Pediatric Clinical

and Translational Research Center at the Children’s Hospital of
Pittsburgh. Weight and height were measured to the nearest 0.1
kg and 0.1 cm, respectively, using a weighing balance and a
wall-mounted stadiometer. Body composition [total body fat
and percentage body fat (%BF)] was assessed by dual-energy
x-ray absorptiometry (DXA) as before (13). Abdominal SAT and
VAT were measured in 216 subjects by a 10-mm single axial
computed tomography scan at L4–5 intervertebral space as pre-
viously reported (13, 21) and in 11 subjects with magnetic res-
onance imaging (22). Data are not available in 10 subjects, in
eight the weight exceeded the limit for computed tomography
scan or magnetic resonance imaging, and in two electronic data

were lost. Blood samples were obtained after a 10- to 12-h over-
night fast for determination of plasma 25(OH)D and fasting lipid
levels.

Biochemical measurements
Plasma lipid levels [total, low-density lipoprotein (LDL),

high-density lipoprotein (HDL), and very low-density lipopro-
tein (VLDL) cholesterol, and triglycerides] were measured using
the standards recommended by the Centers for Disease Control
and Prevention (23, 24). Plasma 25(OH)D was measured with
competitive protein binding assay using vitamin D-binding pro-
tein as described by Chen et al. (25). The competitive protein
binding assay identifies 25(OH)D2 and 25(OH)D3 equally well
and has been validated by liquid chromatography tandem mass
spectrophotometry assay, which measures the contributions of
serum 25(OH)D2 and 25(OH)D3 (26). The intraassay and in-
terassay coefficients of variation were 8 and 10%, respectively.
The lower limit of detection was 4 ng/ml.

Statistical analysis
Differences in the means for the various adiposity measures

(BMI, BMI percentile, VAT, SAT, %BF) and lipid parameters
(total, LDL, HDL, and VLDL cholesterol, and triglycerides) were
compared between vitamin D-deficient [25(OH)D �20 ng/ml]
and nondeficient [25(OH)D �20 ng/ml] groups in the entire
cohort and the racially stratified subgroups (blacks and whites)
using Student t test or Mann-Whitney U test, depending on data
distribution. Differences in the mean of 25(OH)D between black
and white children and demographic characteristics [obese (BMI
�95th percentile for age and sex) vs. nonobese (BMI �95th
percentile), and pubertal vs. prepubertal] were also assessed by
t tests or Mann-Whitney U tests. Racial differences in the rates of
vitamin D deficiency [defined as plasma 25(OH)D less than 20
ng/ml] and insufficiency (from 20 to less than 30 ng/ml) were
assessed using �2. The association between plasma 25(OH)D
and the different study variables was examined by bivariate Pear-
son or Spearman correlations depending on data distribution.
Multiple linear regression analysis models were performed to
determine the independent effects of race, season, pubertal sta-
tus, and each of the adiposity measures (BMI, %BF, VAT, and
SAT) separately on plasma 25(OH)D after adjusting for age and
sex. Logistic regression was done to determine the influence of
these variables on vitamin D deficiency [plasma 25(OH)D �20
ng/ml—as a categorical outcome]. A two-way ANOVA analysis
was conducted to examine the independent relationship of obe-
sity [obese (BMI � 95th percentile) vs. nonobese (BMI �95th
percentile)], race, and the interaction term of obesity�race with
25(OH)D concentration.

All statistical assumptions were met. Data are presented as
mean � SEM unless otherwise indicated. Statistical significance
was set at P � 0.05. The statistical analysis was done using PASW
Statistics (version 18; SPSS Inc., Chicago, IL).

Results

A total of 237 healthy 8- to 18-yr-old obese [112 (47%)]
and nonobese [125 (53%)] black [112 (47%)] and white
[125 (53%)] children were studied during either winter/
spring [110 (46%)] or summer/fall [127 (54%)]. The
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study population had a mean age (�SD) of 12.7 � 2.2 yr,
43% were males, and 18% were Tanner I, prepubertal.

Vitamin D status
Mean (�SD) plasma 25(OH)D for the entire cohort was

19.4 � 7.4 ng/ml. Mean plasma 25(OH)D levels were
lower in black vs. white children (16.4 � 5.8 vs. 22.0 � 7.7
ng/ml; P � 0.001), or obese vs. nonobese (17.6 � 7.1 vs.
20.9 � 7.4 ng/ml; P � 0.001), or pubertal vs. prepubertal
(18.5 � 6.9 vs. 23.3 � 8.4 ng/ml; P � 0.001). There were
significant differences (P � 0.001) between the two racial
groups in the proportion of children classified as vita-
min D deficient [25(OH)D, �20 ng/ml], insufficient
[25(OH)D, 20 to �30 ng/ml], or sufficient [25(OH)D,
�30 ng/ml] (Fig. 1). The racial disparities in the circulating
levels of 25(OH)D persisted throughout the year irrespec-
tive of season (Fig. 2). Within each racial group there was
significant seasonal variation in vitamin D status. The
mean plasma 25(OH)D levels during summer/fall were
higher than during winter/spring (whites, 23.8 � 8.2 vs.
20.7 � 7.0 ng/ml, P � 0.031; blacks, 17.5 � 5.9 vs. 14.2 �
5.0 ng/ml, P � 0.003).

25(OH)D, adiposity, and fasting lipid relationships
Differences in adiposity and lipid measures between

vitamin D deficient [25(OH)D �20 ng/ml] and nondefi-
cient [25(OH)D �20 ng/ml] groups in the entire cohort

and the racially stratified subgroups are depicted in Table
1. In the entire cohort, vitamin D-deficient subjects had
higher BMI, BMI percentile, %BF, VAT, SAT, and pro-
portion of obesity than nondeficient subjects. Results were
similar in whites when analyzed separately, except that
there was no difference in SAT between vitamin D-defi-
cient and nondeficient subjects. In blacks, however, except
for SAT, there were no differences in BMI, BMI percentile,
%BF, VAT, and rates of obesity between vitamin D-defi-
cient and nondeficient subjects. Because of a black outlier
with high plasma 25(OH)D concentration, differences in
adiposity indices between vitamin D-deficient and nonde-
ficient blacks were examined after excluding this outlier.
The results were similar, except for the difference in BMI,
which became significant (27.7 � 1.0 vs. 24.0 � 1.5 kg/
m2; P � 0.037) (Table 1, see footnote). There were no
differences in lipid parameters (total, LDL, HDL, and
VLDL cholesterol, and triglycerides) between the vitamin
D-deficient and nondeficient groups in the entire cohort
and in whites and blacks. Examination of the data sepa-
rately for boys and girls in each racial group revealed sig-
nificant differences in adiposity indices in vitamin D-de-
ficient vs. nondeficient white females, but not white males,
black males, or black females (data not shown). However,
our numbers for such an analysis remain relatively limited.
The ANOVA statistics of the independent relationship of
obesity, race, and the interaction term of obesity�race with
25(OH)D concentration showed that obesity (P � 0.001)
and race (P � 0.001) have an independent relationship
to circulating 25(OH)D, but not the interaction term
(P � 0.366).

Correlates of plasma 25(OH)D
For the entire cohort, plasma 25(OH)D was associated

inversely with BMI (r � �0.209; P � 0.001), BMI per-
centile (r � �0.187; P � 0.004), %BF (r � �0.172; P �

0.010), VAT (r � �0.149; P � 0.024), and SAT (r �

�0.174; P � 0.009); and positively with HDL cholesterol
(r � 0.214; P � 0.001). Plasma 25(OH)D was inversely
associated with BMI, VAT, SAT, and %BF only in white
children, and positively with HDL cholesterol in both
black (r � 0.382; P � 0.001) and white children (r �

0.217; P � 0.016) (Fig. 3). In blacks, the relationships
shown in Fig. 3 change when the analyses are performed
excluding the outlier with the highest plasma 25(OH)D.
Without the outlier, plasma 25(OH)D becomes inversely
associated with BMI (r � �0.212; P � 0.026), VAT (r �

�0.194; P � 0.045), SAT (r � �0.208; P � 0.032) and
%BF (r � �0.192; P � 0.047) with no association with
HDL (r � 0.130; P � 0.179).
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FIG. 1. Vitamin D status (deficient, insufficient, and sufficient) by race.
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FIG. 2. Seasonal variation in plasma 25(OH)D by race. Mann-Whitney
U test for 25(OH)D values in winter/spring vs. summer/fall in whites
and blacks.

1562 Rajakumar et al. Vitamin D in Black and White Children J Clin Endocrinol Metab, May 2011, 96(5):1560–1567

D
ow

nloaded from
 https://academ

ic.oup.com
/jcem

/article/96/5/1560/2833965 by guest on 08 O
ctober 2021



Predictors of plasma 25(OH)D levels and vitamin D
deficiency

Multiple linear regression analysis models assessing the
independent effects of race, season, pubertal status, and
each of the adiposity measures (BMI, %BF, VAT, and
SAT) separately on plasma 25(OH)D levels after control-
ling for age and sex are shown in Table 2. Race, season,
pubertal status, and VAT were significant independent
predictors of plasma 25(OH)D, explaining 28.3% of vari-
ance in plasma 25(OH)D concentrations, the majority of
which was attributable to the strong influence of race,
pubertal status, and season. In a logistic regression model
adjusted for age, the odds of vitamin D deficiency were
highest in blacks compared with whites [odds ratio (OR),
95% confidence interval (CI): 6.00, 3.14 to 11.47; P �
0.001], higher in females compared with males (OR, 2.01;
95% CI, 1.10 to 3.66; P � 0.023), pubertal compared with
prepubertal children (OR, 2.88; 95% CI, 1.27 to 6.57; P �
0.012), and winter/spring season compared with summer/
fall (OR, 2.29; 95% CI, 1.22 to 4.29; P � 0.010). Fur-
thermore, for each 10-cm2 increase in VAT, the odds of
vitamin D deficiency multiplied by 1.087 (95% CI, 1.002
to 1.180; P � 0.042).

Discussion

We found in healthy obese and nonobese 8- to 18-yr-old
black and white youth, when examined together, an inverse

gradient in the relationship between plasma 25(OH)D levels
andclinical and laboratorymeasuresofadiposity.BMI,BMI
percentile, %BF, and abdominal adiposity (SAT and VAT)
were significantly higher in vitamin D-deficient than nonde-
ficient children. Vitamin D deficiency was associated with
higher levels of BMI, %BF, and VAT in whites but not in
blacks, and higher levels of SAT in blacks but not in whites.
Removal of an outlier with high plasma 25(OH)D in blacks
altered the observed racial dimorphism in the correlations
between vitamin D status and adiposity (Fig. 3).

Our findings compare and contrast with previously
published research on vitamin D and adiposity relation-
ships in children and adolescents (27–29). Dong et al. (27)
observed inverse correlations between serum 25(OH)D
and BMI, waist circumference, and total and regional
measures of adiposity in 14- to 18-yr-old black and white
adolescents (n � 559) residing in Atlanta, Georgia (33°
N). Lenders et al. (2) noted an independent inverse asso-
ciation between serum 25(OH)D and total body fat (fat
mass assessed by DXA) in a cross-sectional cohort of 58
obese adolescents enrolled from five geographic areas in the
United States. Foo et al. (28) found no association between
plasma 25(OH)D and total body adiposity assessed by DXA
in 15-yr-old adolescent girls (n � 323) residing in Beijing,
China (40° N). In a cross-sectional study of 6- to 21-yr-old
children (n � 384; 4% obese) residing in Philadelphia, Penn-
sylvania (40° N), significant bivariate associations between
low serum 25(OH)D status (�30 ng/ml) and BMI, BMI z-

TABLE 1. Clinical characteristics of vitamin D-deficient and -nondeficient subjects by race

25(OH)D (ng/ml)

All subjects Whites Blacks

<20 >20 P <20 >20 P <20 >20 P

n 132 105 50 75 82 30
Sex (males/females) 46/86 55/50 0.007 17/33 40/35 0.033 29/53 15/15 NS
Age (yr) 12.9 � 0.2 12.5 � 0.2 NS 13.1 � 0.3 12.9 � 0.3 NS 12.8 � 0.2 11.6 � 0.3 0.006
Race (white/black) 50/82 75/30 �0.001

White (%) 37.9 71.4
Black (%) 62.1 28.6

Pubertal status (PP/P) 14/118 28/77 0.001 6/44 15/60 NS 8/74 13/17 �0.001
Tanner I (%) 10.6 26.7 12 20 9.8 43.3
Tanner II–V (%) 89.4 73.3 88 80 90.2 56.7

Season (WS/SF) 66/66 44/61 NS 32/18 39/36 NS 34/48 5/25 0.015
BMI (kg/m2) 28.1 � 0.8 24.7 � 0.8 0.003 28.7 � 1.4 24.7 � 0.9 0.031 27.7 � 1.0 24.5 � 1.5 0.066a

BMI percentile (%) 82.0 � 2.1 72.5 � 2.8 0.003 81.1 � 3.6 72.2 � 3.5 0.020 82.5 � 2.6 73.3 � 4.8 NS
Obese (yes/no) 73/59 39/66 0.005 29/21 27/48 0.015 44/38 12/18 NS
VAT (cm2) 49.4 � 3.9 38.4 � 3.0 0.027 65.1 � 7.5 40.8 � 3.6 0.026 39.7 � 3.9 32.7 � 5.5 NS
SAT (cm2) 315.7 � 21.2 243.1 � 22.5 0.014 341.1 � 35.1 253.1 � 27.2 0.060 300.1 � 26.6 219.5 � 39.9 0.047
%BF 32.8 � 1.2 28.0 � 1.3 0.008 33.7 � 1.9 28.0 � 1.5 0.021 32.3 � 1.5 28.2 � 2.7 NS
Cholesterol (mg/dl) 161.1 � 2.8 161.3 � 3.1 NS 166.7 � 4.6 164.1 � 3.8 NS 157.7 � 3.5 154.0 � 4.9 NS
Triglycerides (mg/dl) 96.0 � 4.6 102.6 � 6.8 NS 121.4 � 9.4 109.9 � 8.1 NS 80.6 � 3.9 84.0 � 12.1 NS
LDL (mg/dl) 96.1 � 2.5 94.3 � 2.8 NS 97.8 � 4.1 96.7 � 3.3 NS 95.2 � 3.1 88.2 � 4.8 NS
HDL (mg/dl) 45.8 � 1.0 47.6 � 1.9 NS 44.6 � 1.7 45.2 � 1.1 NS 46.6 � 1.2 53.8 � 5.9 NS
VLDL (mg/dl) 19.0 � 0.9 20.9 � 1.4 NS 23.8 � 1.9 22.0 � 1.6 NS 16.0 � 0.8 17.9 � 2.5 NS

Data were available for VAT and SAT in 227 participants, DEXA in 224 participants, and lipids in 233 participants. PP, Prepubertal (Tanner I); P,
pubertal (Tanner II–V); WS, winter/spring; SF, summer/fall; obese, BMI percentile �95. Student t test or Mann-Whitney U test was used in
quantitative variables and �2 in qualitative variables.
a After excluding the outlier with high plasma 25(OH)D concentration, differences in adiposity indices between vitamin D-deficient and
nondeficient blacks did not change, except for the BMI (27.7 � 1.0 vs. 24.0 � 1.5 kg/m2; P � 0.037).
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score, and fat mass assessed by DXA were not significant in
multivariable regression analysis (29). Lack of similarity of
body composition, growth, and pubertal status among the
various study cohorts may explain the differences in the
25(OH)D-adiposity relationships in these studies.

An inverse relationship between 25(OH)D status and
regional adiposity was found in adults (7, 30), young
women (31), and older adolescents (27), and our data
confirm this relationship in 8- to 18-yr-old black and
white children. We found VAT to be an independent pre-
dictor of plasma 25(OH)D levels and vitamin D deficiency

in children. Similar to our findings,
the inverse relationship between
25(OH)D and the individual indices
of regional fat was much stronger for
VAT than SAT in Caucasian adults
examined as part of the third genera-
tion offspring cohort of the Framing-
ham Heart Study (7).

Racial differences in the relationship
between vitamin D status and adiposity
have been observed in 12�-yr-old black
(n � 2475) and white (n � 3567) adoles-
cent and adult females examined in the
NationalHealthandExaminationNutri-
tionSurvey(NHANES)III (1988–94)co-
hort (32). Inverse association between
body fat (assessed by bioelectrical imped-
ance) and serum 25(OH)D varied by race
and was stronger in whites compared
with blacks. Our results extend those
findings to children younger than 12 yr,
inwhomtheinverseassociationsbetween
25(OH)D and adiposity measures were
detected only in whites. Although these
differences could stem from racial varia-
tion in the degree of sequestration of vi-
tamin D in body fat, they are more likely
to be due to the confounding effects of
racial variations in skin color (32). In our
cohort,blackshadsignificantly lower lev-
els of 25(OH)D than whites throughout
the year. Race-related differences in vis-
ceral adiposity could also play a role in
the differing relationships of adiposity
with vitamin D between the two racial
groups(13,33).However,our findingsof
lack of a significant association between
25(OH)D concentrations and adiposity
in blacks should be interpreted with
caution because this relationship was
strongly influenced by one outlier with
high plasma 25(OH)D, and the P values

changed when analyzed without the outlier. Furthermore,
we found no significant interaction terms between adiposity
and race on their effects on circulating 25(OH)D, suggesting
no racial differences in the relationship between adiposity
and25(OH)D.Therefore,additionaldataareneededregard-
ing the relationship between 25(OH)D and adiposity in dif-
ferent racial groups.

Lipid profile parameters did not differ between vitamin
D-deficient and nondeficient groups of children in the en-
tire cohort or in the racial subgroups. However, there were

FIG. 3. Correlations between plasma 25(OH)D levels and BMI, %BF, VAT, SAT, and HDL
cholesterol in white (A–E) and black (F–J) youth. In blacks, the “r” and “P” values for the
correlation analyses with and without an outlier with high plasma 25(OH)D (arrow) are
shown.
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positive correlations between plasma 25(OH)D and HDL
cholesterol in black and white children (r � 0.214; P �
0.001), and this association was stronger in blacks (r �
0.382; P � 0.001) compared with whites (r � 0.217;
P � 0.016); the relationship in blacks was strongly influ-
enced by an outlier with high plasma 25(OH)D and be-
came nonsignificant when examined without the outlier
[r � 0.130; P � nonsignificant (NS)]. Similar to our find-
ings, Johnson et al. (34) noted a positive association be-
tween 25(OH)D and HDL cholesterol (r � 0.41; P �

0.001) and lower levels of HDL cholesterol in children
with hypovitaminosis D in a retrospective record review of
2- to 18-yr-old children (70% Caucasian) seen at a pedi-
atric specialty clinic at Rochester, Minnesota (44° N).
These data lend support to the fact that vitamin D may
play a role in HDL cholesterol levels in children.

We have documented excessive prevalence of vitamin D
deficiency and insufficiency in a sample of healthy black
and white children who volunteered to participate in re-
search. Our combined prevalence rates of vitamin D de-
ficiency and insufficiency in black children (98%) and
white children (90%) are comparable to published rates of
vitamin D deficiency and insufficiency in children exam-
ined in the 2001–2004 NHANES cohort (35). In the
2001–2004 NHANES cohort, 62% of white girls, 66% of
white boys, 98% of black girls, and 96% of black boys
who were 13–21 yr old; and 64% of white girls, 53% of
white boys, 96% of black girls, and 93% of black boys

who were 7–12 yr old were vitamin D deficient [serum
25(OH)D �15 ng/ml] or vitamin D insufficient (15–30
ng/ml). Our data confirm the relevance of season, race
(surrogate indicator of skin color), pubertal status, BMI,
and adiposity in the determination of vitamin D status of
children residing in the Northeast (4, 35–40). Although
plasma 25(OH)D concentrations were higher during sum-
mer/fall than during winter/spring in blacks and whites,
the disparities in the vitamin D status between black and
white children persisted throughout the year, and this can
be explained by the racial differences in skin pigmentation.
We found race, season, pubertal status, and visceral fat to
be significant predictors of plasma 25(OH)D. These vari-
ables explained 28.3% of the variance in plasma
25(OH)D levels of our cohort. Black race, female gen-
der, adolescence, winter/spring season, and excessive
VAT were associated with higher odds of being vitamin
D deficient.

Our data have few limitations for a better character-
ization of the racial differences in vitamin D levels of our
cohort and assessment of the differences in adiposity mea-
sures between vitamin D-deficient and nondeficient
blacks. Information regarding recognized confounders of
vitamin D status such as dietary vitamin D, duration of sun
exposure, usage of sunscreen, and quantification of UV
radiation assessed by dosimeters and objective assessment
of skin melanization with skin spectrophotometer would
have helped. Lack of significant difference in BMI and
adiposity measures (%BF and VAT) between vitamin D-
deficient and nondeficient black children may be related to
the small number of vitamin D-nondeficient children in
this group and the associated limited variability in BMI
categories in this small sample. Strengths of our study are
accurate characterization of total body and abdominal
adiposity in an appreciable number of obese and nonobese
black and white healthy volunteer children.

Conclusions
We conclude that vitamin D deficiency and insuffi-

ciency are highly prevalent in 8- to 18-yr-old preadoles-
cent and adolescent black and white children residing in
the Northeast. Race, female gender, season, pubertal sta-
tus, and visceral adiposity are independent predictors of
plasma 25(OH)D status. Our data show that the relation-
ship between vitamin D status and adiposity in children is
complex and needs further exploration. Our observed
racial differences in the relationship between plasma
25(OH)D concentrations and adiposity measures and
HDL cholesterol should be interpreted with caution be-
cause the P values for our findings differ when analyzed
with and without an outlier with high plasma 25(OH)D
concentration. Lack of significant differences in %BF and

TABLE 2. Multiple linear regression analysis for plasma
25(OH)D (ng/ml) adjusted for age and sex

Estimate 95% CI P R2

Model 1
Race �6.31 �8.01 to �4.61 <0.001 0.275
Pubertal status �4.44 �7.24 to �1.63 0.002
Season �3.34 �5.02 to �1.65 <0.001
BMI �0.08 �0.19 to 0.03 0.168

Model 2
Race �6.62 �8.34 to �4.89 <0.001 0.279
Pubertal status �4.69 �7.64 to �1.73 0.002
Season �3.45 �5.19 to �1.72 <0.001
%BF �0.03 �0.10 to 0.04 0.420

Model 3
Race �6.48 �8.20 to �4.76 <0.001 0.283
Pubertal status �4.45 �7.28 to �1.62 0.002
Season �3.51 �5.22 to �1.81 <0.001
VAT (by every

10 cm2)
�0.25 �0.48 to �0.01 0.037

Model 4
Race �6.22 �7.94 to �4.50 <0.001 0.268
Pubertal status �4.66 �7.51 to �1.80 <0.001
Season �3.56 �5.28 to �1.84 <0.001
SAT (by every

10 cm2)
�0.02 �0.06 to 0.02 0.275

P � 0.05 is indicated in bold. Race: 0 � white, 1 � black; pubertal
status: 0 � prepubertal, 1 � pubertal; season: 0 � summer/fall, 1 �
winter/spring.
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VAT between vitamin D-deficient and nondeficient black
children, even after excluding the outlier, could be due to
the small sample size of vitamin D-nondeficient children
and the limited variability in their BMI. Furthermore,
there was no significant interaction between adiposity and
race on their effects on circulating 25(OH)D, suggesting
no differences in the influence of adiposity on 25(OH)D in
whites and blacks. Therefore, additional studies are war-
ranted to explore the relationship between 25(OH)D and
adiposity in children of different ethnic groups. Plasma
25(OH)D is inversely associated with adiposity and pos-
itively associated with HDL cholesterol. Besides therapeu-
tic interventions to correct the high rates of vitamin D
deficiency in high-risk youth, studies are warranted to test
the effects of vitamin D optimization on adiposity mea-
sures and lipid profile in children.
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