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Low 25-Hydroxyvitamin D Levels in Adolescents: Race,
Season, Adiposity, Physical Activity, and Fitness
WHAT’S KNOWN ON THIS SUBJECT: US adolescents are at risk of
low vitamin D status.
WHAT THIS STUDY ADDS: Seasonal variations in 25hydroxyvitamin D levels in black and white adolescents living in
the Southeast were observed, and low 25-hydroxyvitamin D levels
were related to adiposity, physical activity, and ﬁtness.
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abstract
OBJECTIVES: The objectives were to characterize the vitamin D status
of black and white adolescents residing in the southeastern United
States (latitude: ⬃33°N) and to investigate relationships with adiposity.
METHODS: Plasma 25-hydroxyvitamin D levels were measured with liquid chromatography-tandem mass spectroscopy for 559 adolescents
14 to 18 years of age (45% black and 49% female). Fat tissues, physical
activity, and cardiovascular ﬁtness also were measured.
RESULTS: The overall prevalences of vitamin D insufﬁciency (⬍75
nmol/L) and deﬁciency (ⱕ50 nmol/L) were 56.4% and 28.8%, respectively. Black versus white subjects had signiﬁcantly lower plasma 25hydroxyvitamin D levels in every season (winter, 35.9 ⫾ 2.5 vs 77.4 ⫾
2.7 nmol/L; spring, 46.4 ⫾ 3.5 vs 101.3 ⫾ 3.5 nmol/L; summer, 50.7 ⫾ 4.0
vs 104.3 ⫾ 4.0 nmol/L; autumn, 54.4 ⫾ 4.0 vs 96.8 ⫾ 2.7 nmol/L). With
adjustment for age, gender, race, season, height, and sexual maturation, there were signiﬁcant inverse correlations between 25hydroxyvitamin D levels and all adiposity measurements, including BMI
percentile (P ⫽ .02), waist circumference (P ⬍ .01), total fat mass (P ⬍
.01), percentage of body fat (P ⬍ .01), visceral adipose tissue (P ⫽
.015), and subcutaneous abdominal adipose tissue (P ⫽ .039). There
were signiﬁcant positive associations between 25-hydroxyvitamin D
levels and vigorous physical activity (P ⬍ .01) and cardiovascular
ﬁtness (P ⫽ .025).
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CONCLUSIONS: Low vitamin D status is prevalent among adolescents
living in a year-round sunny climate, particularly among black youths.
The relationships between 25-hydroxyvitamin D levels, adiposity, physical activity, and ﬁtness seem to be present in adolescence. Pediatrics
2010;125:1104–1111
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Low vitamin D status, as indicated by
circulating 25-hydroxyvitamin D concentrations, has become a common
observation for the pediatric population in the United States. Several
studies documented low serum 25hydroxyvitamin D levels in children and
adolescents living at northern latitudes, including Philadelphia, Pennsylvania (latitude: 40°N), New Jersey (40°N),
Pittsburgh, Pennsylvania (40°N), Cleveland, Ohio (41°N), Boston, Massachusetts (42°N), and Maine (44°N).1 However, there is emerging evidence that
children and adolescents residing in
southern regions also have low 25hydroxyvitamin D levels, which suggests that lower latitudes in the United
States are not necessarily associated
with higher serum 25-hydroxyvitamin
D levels.
First, data from the National Health
and Nutrition Examination Survey
(NHANES) in 1988 –1994 showed that
up to 47% of 12- to 19-year-old male
and female youths (all races combined) from sunny locations (mean
latitude: 32°N) had winter 25hydroxyvitamin D levels of ⬍62.5
nmol/L and up to 70% of black adolescents of the same age had winter 25hydroxyvitamin D concentrations of
⬍62.5 nmol/L.2 Second, the incidence
of vitamin D deﬁciency, deﬁned as 25hydroxyvitamin D levels of ⬍50 nmol/
L,3,4 was 16% in a sample of 93 children
(age range: 10 –14 years), including 48
white, 13 black, 22 Hispanic, and 10
Asian children, in Houston, Texas (latitude: 30°N).5 In the same sample, 1
child (1%) had a 25-hydroxyvitamin D
concentration of ⬍30 nmol/L and 68
children (73%) had levels of ⬍80
nmol/L. Finally, 75% of 168 black or
white girls 4 to 8 years of age in Athens,
Georgia (latitude: 34°N), were observed to have 25-hydroxyvitamin D
levels of ⬍80 nmol/L at least once during follow-up periods of 1 to 7 years.6,7
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However, the vitamin D status, according to season and race, of adolescents
in middle to late puberty (14 –18 years
of age) in the southern United States
remains largely undetermined.
Although adiposity is a recognized risk
factor for vitamin D deﬁciency, the inverse relationship between adiposity
and vitamin D status has been not well
established in the pediatric population, particularly among adolescents.2,8,9 A direct relationship between
physical activity levels and vitamin D
metabolism has been recognized in
adults, although the data are inconsistent.2,10–13 To date, only 1 study has investigated relationships between 25hydroxyvitamin D levels and physical
activity in adolescents. Lenders et al14
found that physical activity assessed
through accelerometry was positively
related to 25-hydroxyvitamin D levels
in 24 obese adolescents 14.9 ⫾ 1.4
years of age. Additional investigations
are needed to determine the relationships between 25-hydroxyvitamin D
levels and physical activity in adolescents. The association of cardiovascular ﬁtness with 25-hydroxyvitamin D
levels also remains to be addressed,
especially for adolescents. The present
cross-sectional study of black and
white adolescents residing in Augusta,
Georgia (latitude: ⬃33°N), aimed (1) to
characterize circulating plasma 25hydroxyvitamin D concentrations and
the prevalence of low vitamin D status
according to season, gender, and race;
(2) to determine the relationships between plasma 25-hydroxyvitamin D
concentrations and a series of adiposity variables, including BMI, waist circumference, total fat mass, proportion
of body fat, visceral adipose tissue
(VAT), and subcutaneous abdominal
adipose tissue (SAAT); and (3) to explore the relationships between 25hydroxyvitamin D levels, physical activity, and cardiovascular ﬁtness.

METHODS
Recruitment and Testing Protocol
In this cross-sectional study, adolescents 14 to 18 years of age (N ⫽ 559)
were recruited from high schools in
the vicinity of Augusta, Georgia (latitude: 33°N). Participants were asked to
self-identify as white or black. The adolescents were generally healthy and
free of medications and had no contraindications to any of the study procedures. Adolescents were excluded if
they used any medications or had any
chronic medical conditions that might
affect growth and development or affect study results. Informed consent
and assent were obtained from all parents and children, respectively. All procedures were approved by the human
assurance committee at the Medical
College of Georgia. Data collection took
place between January 2001 and June
2005, and enrollment was conducted
throughout the year, during winter
(December through February), spring
(March through May), summer (June
through August), and autumn (September through November). Sexual
maturation was determined by using a
gender-speciﬁc questionnaire including a 5-stage scale, ranging from stage
I (prepubertal) to stage V (fully mature), as described by Tanner.15 By using a gender-speciﬁc questionnaire,
the subjects reported their Tanner
stage by comparing their own physical
development with the 5 stages in standard sets of diagrams. When an individual reported discordant stages of
pubic hair and breast or genital development, the higher of the 2 stages was
used. Total-body scans were assessed
by using dual-energy x-ray absorptiometry (DXA) (QDR-4500W [Hologic,
Waltham, MA]) to measure total-body
lean mass, fat mass, and proportion of
body fat.16 As described in detail elsewhere, VAT and SAAT were determined
with a 1.5-T MRI system (General Electric Medical Systems, Milwaukee, WI).17
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Plasma 25-Hydroxyvitamin D
Measurement and Vitamin D
Deﬁciency/Insufﬁciency
Liquid chromatography-tandem mass
spectroscopy was used to measure circulating plasma levels of 25-hydroxyvitamin
D2 and 25-hydroxyvitamin D3, as described
previously.18 The detection limits for 25hydroxyvitamin D2 and 25-hydroxyvitamin
D3 were 10 nmol/L. The intraassay coefﬁcients of variation for 25-hydroxyvitamin
D2 and 25-hydroxyvitamin D3 were 6% to
9% and 7% to 11%, respectively; the interassay coefﬁcients of variation for 25hydroxyvitamin D2 and 25-hydroxyvitamin
D3 were 9% to 12% and 8% to 13%, respectively. It has been proposed that
the minimal optimal circulating vitamin D level should be increased from
25 to 50 nmol/L,19,20 because there is
evidence that biochemical sequelae of
vitamin D deﬁciency may manifest at
cutoff levels of 75 nmol/L.3,4,21 For purposes of analyses, the prevalence of
vitamin D deﬁciency was based on the
proposed deﬁnition of ⱕ50 nmol/L,
and cutoff values of ⱕ25 nmol/L and
ⱕ75 nmol/L were used to describe
overt vitamin D deﬁciency and insufﬁciency, respectively.3,4
Physical Activity (Accelerometry)
The time (minutes) per day spent in
moderate and vigorous physical activities was assessed by using MTI Actigraph monitors (model 7164 [MTI
Health Services, Fort Walton Beach,
FL]). With the epoch length set at 1
minute and results expressed as
counts per minute, the accelerometers were to begin recording when the
subject left our laboratory after the
ﬁrst day of testing. The subjects were
instructed (1) to wear the monitor for
a period of 7 days, (2) to remove the
monitor for sleep and for any activity
that might cause harm to either the
monitor or another person, and (3) to
bring the monitor back to us 1 week
later. Data from days 1 and 7 were dis1106
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carded because a full day of information was not available for those days.
Daily and total movement counts per
day were converted to minutes per day
spent in moderate (3– 6 metabolic
equivalents) and vigorous (⬎6 metabolic equivalents) physical activity by
the software for the device.22
Cardiovascular Fitness
Cardiovascular ﬁtness was determined by using a multistage treadmill
test. Oxygen consumption was measured with a Sensormedics Vmax 229
cardiopulmonary system (Sensormedics, Yorba Linda, CA). Our primary index of cardiovascular ﬁtness was submaximal in nature, that is, oxygen
consumption at a heart rate of 170
beats per minute per unit of body
weight.23 The blood samples for 25hydroxyvitamin D measurements were
collected 1 week before the cardiovascular ﬁtness assessments.

sons of plasma 25-hydroxyvitamin D
concentrations according to season,
subjects were grouped according to
race and gender for winter (December
through February), spring (March
through May), summer (June through
August), and autumn (September
through November). Three-factor
analysis of covariance, with controlling for age, was used to quantify the
effects of season, gender, and race
on plasma 25-hydroxyvitamin D levels and to measure whether these
factors interacted in this sample.
Stepwise linear regression analysis
was then used to identify the signiﬁcant covariates of plasma 25hydroxyvitamin D concentrations. All
statistical tests used a signiﬁcance
level of 5% and were 2-tailed. Statistical analyses were performed by using SAS 9.1 (SAS Institute, Cary, NC).

RESULTS

Statistical Analyses

Participant Characteristics

Descriptive statistics for raw variables
are presented as means ⫾ SDs. Group
differences in categorical variables
were tested by using 2 tests. Differences among the means for gender
and race subgroups were examined by
using 2-factor analysis of covariance
(controlling for age) for all continuous
independent variables. Values for
plasma 25-hydroxyvitamin D levels,
VAT, SAAT, and moderate and vigorous
physical activities were not normally
distributed; therefore, they were logarithmically transformed. This transformation yielded normal distributions,
and the transformed variables were
used in all subsequent analyses. Partial Pearson’s correlation coefﬁcients
were computed between plasma 25hydroxyvitamin D levels and the anthropometric, body composition, physical activity, and cardiovascular ﬁtness
outcome variables, with controlling for
age, gender, race, season, height, and
sexual maturation stage. For compari-

A total of 559 adolescents 14 to 18
years of age (49% female, 51% male,
45% black, and 55% white) participated in this cross-sectional study.
Group-speciﬁc means for height,
weight, BMI percentile, waist circumference, total fat mass, proportion of
body fat, VAT, and SAAT, with controlling for age, are summarized in Table
1. The majority of participants (86%)
reported being in pubertal stages IV
and V; however, 55 subjects reported
being in pubertal stage III and 8 in
stage II. Two hundred sixty-eight
(97.8%) of the 274 girls reported having started menstruation.
Plasma 25-Hydroxyvitamin D Levels
Plasma 25-hydroxyvitamin D levels differed according to race and gender
(Table 1 and Fig 1). Overall, plasma 25hydroxyvitamin D levels were higher in
white subjects than in black subjects
and higher in boys than in girls. Overall, mean plasma 25-hydroxyvitamin D
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TABLE 1 Descriptive Characteristics of Participants
Variable

All
(N ⫽ 559)

Age, mean ⫾ SD, y
Height, mean ⫾ SD, cm
Weight, mean ⫾ SD, kg
BMI percentile, mean ⫾ SD
Waist circumference, mean ⫾ SD, cm
Lean mass, mean ⫾ SD, kg
Fat mass, mean ⫾ SD, kg
Body fat, mean ⫾ SD, %
VAT, mean ⫾ SD, cm3b
SAAT, mean ⫾ SD, cm3b
Moderate PA, mean ⫾ SD, min/db
Vigorous PA, mean ⫾ SD, min/db
Cardiovascular ﬁtness, mean ⫾ SD, mL/kg per min
25-Hydroxyvitamin D level, mean ⫾ SD, nmol/Lb,c

16.2 ⫾ 1.2
168.6 ⫾ 8.8
65.6 ⫾ 15.2
61.6 ⫾ 27.8
74.2 ⫾ 10.3
46.4 ⫾ 9.9
15.9 ⫾ 9.5
23.7 ⫾ 9.9
95.6 ⫾ 61.3
870.5 ⫾ 734.7
38.6 ⫾ 24.2
4.6 ⫾ 6.8
27.0 ⫾ 7.4
73.3 ⫾ 38.0

Female

Pa

Male

White
(N ⫽ 152)

Black
(N ⫽ 122)

White
(N ⫽ 155)

Black
(N ⫽ 130)

Gender

Race

16.0 ⫾ 1.1
163.0 ⫾ 5.8
58.2 ⫾ 10.9
56.5 ⫾ 26.0
69.2 ⫾ 8.0
38.0 ⫾ 4.4
17.4 ⫾ 7.5
29.3 ⫾ 7.0
97.4 ⫾ 48.6
804.8 ⫾ 484.4
31.1 ⫾ 17.8
3.0 ⫾ 4.6
24.3 ⫾ 5.5
98.7 ⫾ 40.9

16.3 ⫾ 1.2
162.2 ⫾ 5.6
65.0 ⫾ 15.9
68.6 ⫾ 27.2
74.0 ⫾ 11.8
41.6 ⫾ 6.0
20.2 ⫾ 10.8
29.9 ⫾ 8.3
114.6 ⫾ 69.7
1374.4 ⫾ 943.4
31.0 ⫾ 20.2
1.8 ⫾ 2.7
21.8 ⫾ 4.9
40.5 ⫾ 17.9

16.3 ⫾ 1.2
174.2 ⫾ 7.1
68.8 ⫾ 14.6
59.4 ⫾ 28.9
77.1 ⫾ 9.8
51.7 ⫾ 7.9
13.7 ⫾ 8.9
19.1 ⫾ 8.2
103.1 ⫾ 67.0
723.8 ⫾ 647.4
46.9 ⫾ 23.8
6.0 ⫾ 6.4
31.9 ⫾ 6.7
91.5 ⫾ 27.7

16.0 ⫾ 1.3
174.4 ⫾ 7.8
70.9 ⫾ 16.4
63.7 ⫾ 27.7
75.8 ⫾ 10.0
54.6 ⫾ 9.4
12.7 ⫾ 9.5
16.9 ⫾ 8.7
74.1 ⫾ 54.0
715.6 ⫾ 687.7
48.1 ⫾ 26.5
7.7 ⫾ 11.3
29.2 ⫾ 7.6
52.8 ⫾ 22.0

.959
⬍.01
⬍.01
.654
⬍.01
⬍.01
⬍.01
⬍.01
⬍.01
⬍.01
⬍.01
⬍.01
⬍.01
.020

.628
.571
.035
.019
.106
⬍.01
.241
.245
.031
.020
.584
.856
⬍.01
⬍.01

PA indicates physical activity.
a Tests of signiﬁcance between groups were based on analysis of variance.
b Logarithmic transformation was performed before analysis.
c Tests of signiﬁcance between groups were based on analysis of covariance, controlling for age and season.

nmol/L; spring, 36.7 ⫾ 16.7 nmol/L;
summer, 42.4 ⫾ 19.2 nmol/L; autumn,
44.7 ⫾ 18.7 nmol/L).
Prevalence of Low Vitamin D Status

FIGURE 1

Age-adjusted mean ⫾ SE plasma 25-hydroxyvitamin D [25(OH)D] concentrations according to season
for white girls (36, 37, 27, and 55 subjects for winter, spring, summer, and autumn, respectively), black
girls (18, 37, 36, and 31 subjects for winter, spring, summer, and autumn, respectively), white boys (22,
53, 29, and 51 subjects for winter, spring, summer, and autumn, respectively), and black boys (33, 53,
23, and 21 subjects for winter, spring, summer, and autumn, respectively). Signiﬁcant main effects of
season, race, and gender were observed, but no signiﬁcant interactions between season, race, and
gender were observed. Season means were signiﬁcantly different for each race and were marginally
different when averaged over race (P ⬍ .05). Race means were signiﬁcantly different for winter,
spring, summer, and autumn and were marginally different when averaged over seasons (white mean
greater than black mean; P ⬍ .05). Means were signiﬁcantly different between genders for autumn
only (male mean greater than female mean; P ⫽ .03). Plasma 25-hydroxyvitamin D concentrations
were logarithmically transformed before analyses.

levels were lower in girls than in boys
and lower in black subjects than in
white subjects (both P ⬍ .02). The 25hydroxyvitamin D levels were lowest in
winter, compared with spring, summer, and autumn, within all 4 groups
PEDIATRICS Volume 125, Number 6, June 2010

(all P ⬍ .01) (Table 2). Black versus
white subjects had signiﬁcantly lower 25hydroxyvitamin D levels in all seasons.
Furthermore, black girls had consistently low 25-hydroxyvitamin D levels
in all seasons (winter, 36.9 ⫾ 15.2

Detailed prevalence rates of low vitamin D status, that is, insufﬁciency
(ⱕ75 nmol/L), deﬁciency (ⱕ50 nmol/
L), and severe deﬁciency (ⱕ25 nmol/
L), according to season, race, and gender are shown in Table 2. The overall
prevalence rates of vitamin D insufﬁciency and deﬁciency were 56.4% and
28.8%, respectively (Table 2). Vitamin D
insufﬁciency rates were observed to
be 94.3% and 83.1% in black girls and
boys, respectively, compared with
29.6% and 30.3% in white girls and
boys. Vitamin D deﬁciency rates were
found to be 73.8% and 46.9% in black
girls and boys, respectively, compared
with only 2.6% and 3.9% in white girls
and boys. Severe vitamin D deﬁciency
was found only in black adolescents
(5.2%). In summer, no white participants were found to have 25hydroxyvitamin D levels of ⱕ50 nmol/L,
but 55% of black adolescents were
shown to have levels indicative of vitamin D deﬁciency and 88.1% vitamin D
insufﬁciency.
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TABLE 2 Prevalence of Vitamin D Severe Deﬁciency, Deﬁciency, and Insufﬁciency According to
Season, Race, and Gender
Season

All
White
Female
Male
Black
Female
Male
Winter
White
Female
Male
Black
Female
Male
Spring
White
Female
Male
Black
Female
Male
Summer
White
Female
Male
Black
Female
Male
Fall
White
Female
Male
Black
Female
Male

Proportion, Estimate ⫾ SE, %

N

559
307
152
155
252
122
130
109
58
36
22
51
18
33
177
87
34
53
90
37
53
115
56
27
29
59
36
23
158
106
55
51
52
31
21

⬍25 nmol/L

⬍50 nmol/L

⬍75 nmol/L

5.2 ⫾ 1.2
0.0 ⫾ 0.0
0.0 ⫾ 0.0
0.0 ⫾ 0.0
11.5 ⫾ 2.6
17.2 ⫾ 4.4
6.2 ⫾ 2.7
9.2 ⫾ 3.6
0.0 ⫾ 0.0
0.0 ⫾ 0.0
0.0 ⫾ 0.0
19.6 ⫾ 7.1
16.7 ⫾ 11.4
21.2 ⫾ 9.1
5.6 ⫾ 2.2
0.0 ⫾ 0.0
0.0 ⫾ 0.0
0.0 ⫾ 0.0
11.1 ⫾ 4.3
24.3 ⫾ 9.0
1.9 ⫾ 2.4
4.3 ⫾ 2.4
0.0 ⫾ 0.0
0.0 ⫾ 0.0
0.0 ⫾ 0.0
5.6 ⫾ 3.8
13.9 ⫾ 7.4
0.0 ⫾ 0.0
2.5 ⫾ 1.6
0.0 ⫾ 0.0
0.0 ⫾ 0.0
0.0 ⫾ 0.0
7.7 ⫾ 4.7
12.9 ⫾ 7.7
0.0 ⫾ 0.0

28.8 ⫾ 2.5
3.2 ⫾ 1.3
2.6 ⫾ 1.7
3.9 ⫾ 1.9
59.9 ⫾ 4.0
73.8 ⫾ 5.1
46.9 ⫾ 5.6
44.0 ⫾ 6.1
8.6 ⫾ 4.7
8.3 ⫾ 5.9
9.1 ⫾ 7.8
84.3 ⫾ 6.5
83.3 ⫾ 11.3
84.8 ⫾ 8.0
29.4 ⫾ 4.4
3.4 ⫾ 2.5
2.9 ⫾ 3.7
3.8 ⫾ 3.3
54.4 ⫾ 6.7
75.7 ⫾ 9.1
39.6 ⫾ 8.6
28.6 ⫾ 5.4
0.0 ⫾ 0.0
0.0 ⫾ 0.0
0.0 ⫾ 0.0
55.9 ⫾ 8.3
69.4 ⫾ 9.9
34.8 ⫾ 12.7
17.7 ⫾ 3.9
1.9 ⫾ 1.7
0.0 ⫾ 0.0
3.9 ⫾ 3.5
50.0 ⫾ 8.9
71.0 ⫾ 10.5
19.0 ⫾ 10.9

56.4 ⫾ 2.7
30.0 ⫾ 3.4
29.6 ⫾ 4.8
30.3 ⫾ 4.7
88.5 ⫾ 2.6
94.3 ⫾ 2.7
83.1 ⫾ 4.2
68.8 ⫾ 5.7
43.1 ⫾ 8.3
41.7 ⫾ 10.5
45.5 ⫾ 13.6
98.0 ⫾ 2.5
94.4 ⫾ 7.2
100.0 ⫾ 2.0
58.8 ⫾ 4.7
29.9 ⫾ 6.3
23.5 ⫾ 9.3
34.0 ⫾ 8.3
86.7 ⫾ 4.6
97.3 ⫾ 3.42
79.2 ⫾ 7.2
54.8 ⫾ 5.9
19.6 ⫾ 6.8
18.5 ⫾ 9.6
20.7 ⫾ 9.7
88.1 ⫾ 5.4
94.4 ⫾ 4.9
78.3 ⫾ 11.0
46.2 ⫾ 5.1
28.3 ⫾ 5.6
30.9 ⫾ 8.0
25.5 ⫾ 7.8
82.7 ⫾ 6.7
90.3 ⫾ 6.8
71.4 ⫾ 12.6

Winter indicates December through February; spring, March through May; summer, June through August; autumn, September through November.

Correlations With
25-Hydroxyvitamin D
Concentrations

Stepwise multivariate linear regression analyses were conducted to examine the independent associations of
age, gender, race, season, sexual maturation stage, height, fat mass, VAT,
SAAT, vigorous physical activity, and
cardiovascular ﬁtness with plasma 25hydroxyvitamin D levels. Race (48%),
season (3%), total fat mass (1%), and
vigorous physical activity (1%) explained a total of 53% of the variance in
plasma 25-hydroxyvitamin D concentrations, with no contributions by age,
gender, sexual maturation stage,
height, VAT, SAAT, or cardiovascular ﬁtness (Table 4).

DISCUSSION
The present study is one of the few
studies investigating vitamin D status
in the pediatric population in the
southern region of the United States. In
particular, this study is the ﬁrst to address 25-hydroxyvitamin D levels over
4 seasons in a cohort of black and

Soft-Tissue Mass, Physical Activity, and Cardiovascular Fitness

Plasma 25-hydroxyvitamin D levels
were not associated with age (P ⫽
.460), height (P ⫽ .139), total lean
mass (P ⫽ .068), or moderate physical
activities (P ⫽ .110). Controlling for
age, gender, race, season, height, and
Tanner pubertal stage, we found inverse relationships between 25hydroxyvitamin D concentrations and
all adiposity measures, including BMI
percentile (P ⫽ .02), waist circumference (P ⬍ .01), total fat mass (P ⬍ .01),
proportion of body fat (P ⬍ .01), VAT
DONG et al

Independent Predictors of Plasma
25-Hydroxyvitamin D Levels

TABLE 3 Plasma 25-Hydroxyvitamin D Levels and Relationships to Adiposity Outcomes, Fat-Free
Unadjusteda

Variable
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(P ⫽ .015), and SAAT (P ⫽ .039) (Table
3). We found positive associations between 25-hydroxyvitamin D levels and
vigorous physical activity (P ⬍ .01) and
maximal oxygen consumption (P ⫽
.025).

BMI percentile
Waist circumference
Lean mass
Fat mass
Body fat
VATc
SAATc
Moderate PAc
Vigorous PAc
Cardiovascular ﬁtness

Adjustedb

␥

P

␥

P

⫺0.174
⫺0.115
⫺0.077
⫺0.152
⫺0.112
⫺0.004
⫺0.154
0.073
0.139
0.212

⬍.01
.007
.068
⬍.01
.008
.936
.003
.110
.002
⬍.01

⫺0.100
⫺0.128
⫺0.018
⫺0.147
⫺0.173
⫺0.130
⫺0.111
0.061
0.132
0.100

.020
⬍.01
.671
⬍.01
⬍.01
.015
.039
.188
⬍.01
.025

a

Statistical analysis was conducted by using Pearson’s bivariate correlation.
Statistical analysis was conducted by using partial correlation, adjusted for age, gender, race, sexual maturation, height,
and season, for relationships between loge plasma 25-hydroxyvitamin D concentrations and adiposity outcomes, physical
activity variables, and cardiovascular ﬁtness in this sample (N ⫽ 559).
c Logarithmic transformation was performed before analysis.
b
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TABLE 4 Multivariate Linear Regression
Model for Plasma 25-Hydroxyvitamin
D Concentrations
Variable
Intercept
Age
Gender
Race
Season
Sexual maturation
stage
Height
Fat mass
VATb
SAATb
Vigorous PAb
CV ﬁtness
Total

␤, Estimate ⫾ SE

R2

1.558 ⫾ 0.03
NS
NS
0.316 ⫾ 0.02a
0.034 ⫾ 0.009a
NS

0.48
0.03

NS
⫺0.000002 ⫾ 0.00a
NS
NS
0.015 ⫾ 0.00a
NS

0.01

0.01
0.53

The ␤ values are the multivariate regression unstandardized coefﬁcient; R2, proportion of variability in plasma 25hydroxyvitamin D levels that is attributable to the regression equation. NS indicates not signiﬁcant.
a Signiﬁcance was determined through stepwise linear regression at P ⬍ .05.
b Logarithmic transformation was performed before
analysis.

white adolescents living at southern
US latitudes. Our data demonstrate
that low vitamin D status is common
among adolescents residing in the
southeastern region and is related to
various adiposity and lifestyle factors.
From NHANES III (1988 –1994)2 to
NHANES 2000 –2004,2,24 the prevalence
of vitamin D deﬁciency (25hydroxyvitamin D levels of ⱕ50
nmol/L) in black and white adolescents increased from 28% to 48% and
that of vitamin D insufﬁciency (25hydroxyvitamin D levels of ⱕ75
nmol/L) increased from 66% to 81%.
More importantly, ⬃70% of the black
adolescents in NHANES 2000 –2004 had
winter serum vitamin D deﬁciency,
which might have important implications for known health disparities.24
The NHANES provided key information
regarding the vitamin D status of adolescents; however, data collection
from the southern US region was limited to the winter season. Consequently, the effect of seasonality on vitamin D status in adolescents living in
the southern US region remained unknown. We observed a high prevalence
PEDIATRICS Volume 125, Number 6, June 2010

of low 25-hydroxyvitamin D levels in
data collected during all seasons
among black and white adolescents
living in the southeastern United
States. According to the proposed definitions of vitamin D deﬁciency (ⱕ50
nmol/L) and insufﬁciency (ⱕ75 nmol/
L),3,4,19,20 one-third (28.8%) of the adolescents were identiﬁed as having vitamin D deﬁciency and more than onehalf (56.4%) as having vitamin D
insufﬁciency. The high prevalence of
low vitamin D status observed in our
adolescent population may reﬂect, in
general, the trend of decreasing circulating vitamin D levels observed over
the past 10 to 15 years in the nationally
representative sample of adolescents.2,24 Taken together, these ﬁndings suggest that low vitamin D status
is a growing national problem for adolescents in the United States, regardless of latitude.
One of the key ﬁndings in our study is
that a substantial proportion of black
adolescents may be at risk for low vitamin D status not only in winter but
throughout the year. At all ages, black
subjects have been shown to have
lower plasma 25-hydroxyvitamin D
concentrations than do white subjects.6,8,25,26 As expected, we found
signiﬁcantly lower plasma 25hydroxyvitamin D concentrations in
black adolescents, compared with
white adolescents, and the circulating
vitamin D concentrations in black subjects were half of those in white subjects in every season. Accordingly, the
prevalence of vitamin D deﬁciency was
higher among black subjects, compared with white subjects, in winter
(84% vs 9%), spring (54% vs 3%), summer (56% vs 0%), and autumn (50% vs
1.9%). Because of the study design,
NHANES 2000 –2004 was not able to
present seasonal variations.2,24 However, the combined northern latitude
(blood samples collected in the summer) and southern latitude (blood

samples collected in the winter) US
data conﬁrmed that a large proportion
(73%) of black adolescents potentially
have vitamin D deﬁciencies.2,24 It is
important to note from our study that
the mean plasma 25-hydroxyvitamin D
concentrations of black girls never
reached 50 nmol/L in any season. Low
vitamin D status in black individuals
has been attributed mainly to reduced
skin synthesis of vitamin D because of
their greater skin pigmentation.27
Some concerns suggest, however,
that the high prevalence of low vitamin D status also may be attributable to the high rates of obesity in
black populations.2,24,28
BMI-based categorization of obesity
and/or body fatness was shown to be
associated with decreased 25hydroxyvitamin D levels in childhood
investigations.2,8,9 In contrast, other
studies did not ﬁnd any associations of
BMI and/or fat mass with 25hydroxyvitamin D levels in the pediatric population.6,29 Discrepancies in
these ﬁndings may be attributed, in
part, to BMI-based categorization of
obesity and the variations associated
with growth and development. To account for these issues, we determined
fat content and fat distribution comprehensively by using a variety of measures, including BMI, waist circumference, DXA, and MRI, and we took into
consideration, in the statistical analyses, various factors associated with
growth and development, such as age,
gender, race, season, height, and sexual maturation stage. We found
plasma 25-hydroxyvitamin D concentrations to be consistently and inversely related to all of the adiposity
variables, including BMI percentiles,
DXA measures for the whole body,
waist circumference for central fat tissue in general, and MRI measures speciﬁcally for VAT and SAAT. Therefore, as
an easy, inexpensive, adiposity measure, BMI percentiles could potentially
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be used alone for study of the relationship between adiposity and vitamin D
levels in future studies. Our data suggest that the relationship between 25hydroxyvitamin D levels and adiposity
in adolescents is independent of the
site of fat content and fat distribution.
Similar to our results, Looker2 found
that the proportion of body fat, measured through bioelectrical impedance, was negatively related to 25hydroxyvitamin D levels in white and
black female subjects 12 to 49 years of
age. To our knowledge, only 1 study
previously determined relationships
between circulating vitamin D concentrations and VAT and SAAT in youths.
For 90 white and Hispanic female
subjects 16 to 22 years of age residing in California, Kremer et al30 found
that 25-hydroxyvitamin D levels were
signiﬁcantly and inversely related to
visceral and subcutaneous fat assessed through computed tomogra-

phy and total fat mass assessed
through DXA. The mechanism by
which obesity affects low vitamin D
status is not known; however, some
hypotheses include 25-hydroxyvitamin
D being sequestered in adipose tissue,31 negative 25-hydroxyvitamin D
feedback from higher circulating 1,25dihydroxyvitamin D3 levels in obese individuals,32 and decreased sun exposure because of reduced outdoor
activity.33
In addition to the lack of available data
on serum parathyroid hormone and
1,25-dihydroxyvitamin D levels, other
limitations include a lack of information on sun exposure, including use of
sunscreen, and dietary intake of vitamin D and calcium. Another weakness
of this study is the use of a crosssectional study design. To determine
precisely the vitamin D status of adolescents, longitudinal studies are required. In addition, the seasonal varia-

tions of plasma 25-hydroxyvitamin D
levels would be better characterized
by monitoring each participant individually across all 4 seasons. The selfassessment of Tanner pubertal stages,
which was not veriﬁed by a physician,
also might be a limitation.

CONCLUSIONS
Low vitamin D status seems to be prevalent among adolescents living in a
sunny climate. Adiposity, physical activity, and ﬁtness are associated with
plasma 25-hydroxyvitamin D concentrations. Additional studies are needed
to investigate the implications of low
vitamin D status and appropriate
treatments.
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