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Prevalence and Associations of 25-Hydroxyvitamin D
Deficiency in US Children: NHANES 2001–2004

WHAT’S KNOWN ON THIS SUBJECT: Small studies have evaluated
the prevalence of vitamin D deficiency in the United States. Some
of these have looked at risk factors for deficiency. A handful of

reports looking at cardiovascular risk factors and associations with
low vitamin D levels in children.

WHAT THIS STUDY ADDS: We describe the prevalence of vitamin
D deficiency in the US pediatric population using a large
nationally representative database. In addition we also showed an

association between deficiency and cardiovascular risk factors such as
blood pressure and HDL levels.

abstract
OBJECTIVES: To determine the prevalence of 25-hydroxyvitamin D
(25[OH]D) deficiency and associations between 25(OH)D deficiency and
cardiovascular risk factors in children and adolescents.

METHODS: With a nationally representative sample of children aged 1 to 21
years in theNational Health andNutrition Examination Survey 2001–2004 (n�
6275), we measured serum 25(OH)D deficiency and insufficiency (25[OH]D
�15 ng/mL and 15–29 ng/mL, respectively) and cardiovascular risk factors.

RESULTS: Overall, 9% of the pediatric population, representing 7.6million US
children and adolescents, were 25(OH)D deficient and 61%, representing 50.8
million US children and adolescents, were 25(OH)D insufficient. Only 4% had
taken 400 IU of vitamin D per day for the past 30 days. After multivariable
adjustment, those who were older (odds ratio [OR]: 1.16 [95% confidence
interval (CI): 1.12 to 1.20] per year of age), girls (OR: 1.9 [1.6 to 2.4]), non-
Hispanic black (OR: 21.9 [13.4 to 35.7]) or Mexican-American (OR: 3.5 [1.9 to
6.4]) comparedwith non-Hispanic white, obese (OR: 1.9 [1.5 to 2.5]), and those
who drank milk less than once a week (OR: 2.9 [2.1 to 3.9]) or used�4 hours
of television, video, or computers per day (OR: 1.6 [1.1 to 2.3]) weremore likely
to be 25(OH)D deficient. Thosewho used vitamin D supplementation were less
likely (OR: 0.4 [0.2 to 0.8]) to be 25(OH)D deficient. Also, after multivariable
adjustment, 25(OH)Ddeficiencywasassociatedwith elevatedparathyroidhor-
mone levels (OR: 3.6; [1.8 to 7.1]), higher systolic blood pressure (OR:
2.24mmHg [0.98 to 3.50mmHg]), and lower serumcalcium (OR:�0.10mg/dL
[�0.15 to �0.04 mg/dL]) and high-density lipoprotein cholesterol (OR:
�3.03 mg/dL [�5.02 to �1.04]) levels compared with those with 25(OH)D
levels�30 ng/mL.

CONCLUSIONS: 25(OH)D deficiency is common in the general US pediatric
population and is associatedwith adverse cardiovascular risks. Pediatrics
2009;124:e000
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Vitamin D, known mainly for its role in
calcium homeostasis, is now thought
to be involved in various physiologic
and pathologic processes in the hu-
man body.1,2 Rickets has reemerged
in the United States in certain
populations.3–9 25-Hydroxyvitamin D
(25[OH]D) levels are the most com-
monly measured indicator of vitamin D
status. Chronically low 25(OH)D levels,
�15 ng/mL, considered by many to be
25(OH)D deficiency, may result in bone
changes that are consistent with rick-
ets.10 In adults, the optimal level of
25(OH)D has been suggested to be�30
ng/mL, a level associatedwithmaximal
suppression of parathyroid hormone
(PTH) and reduced fracture rates.11

Few studies have evaluated the preva-
lence of 25(OH)D deficiency in children
and adolescents in the United States.
One study showed that 52% of 307 His-
panic and black adolescents in Boston,
Mass, had 25(OH)D levels �15 ng/mL.
Another found that 48% of 23 white
preadolescent girls in Maine had
25(OH)D levels �20 ng/mL.12,13 More
recently, a study of vitamin D levels in
presumably healthy toddlers and in-
fants attending a pediatrics clinic
found that 12.1% (44 of 365) of the chil-
dren had levels �20 ng/mL, and 40%
(146 of 365) had levels�30 ng/mL.14

Given the limited available data on the
prevalence of 25(OH)D deficiency
among children and adolescents in the
United States, we examined the preva-
lence of 25(OH)D deficiency (�15 ng/
mL)12,15–18 and insufficiency (15–29 ng/
mL) in US children and adolescents. In
addition, we studied risk factors for
25(OH)D deficiency, and, because of ev-
idence linking low 25(OH)D levels with
cardiovascular risk factors in adults,
we studied this association in children
and adolescents as well. To do so, we
analyzed data on children and adoles-
cents from the National Health and Nu-
trition Examination Survey (NHANES)
2001–2004.

PATIENTS AND METHODS

Study Population

NHANES 2001–2004 was a nationally
representative cross-sectional survey
of the civilian, noninstitutionalized US
population performed by the National
Center for Health Statistics. All of the
participants underwent standardized
interviews, physical examinations, and
laboratory testing. The current analy-
sis was limited to children and adoles-
cents, 1 to 21 years of age, with
25(OH)D measurements and complete
data on other variables of interest.
Children and adolescents with missing
data on 25(OH)D levels (n� 1571), pov-
erty/income ratio (PIR; n� 607), coun-
try of birth (n� 8), obesity (n� 1205),
milk intake (n � 354), and television
and computer use (n � 72) were ex-
cluded from the multivariable analy-
ses. 25(OH)D levels were measured in
all of the children and adolescents
aged�6 years from 2001–2002 and in
all of the children and adolescents
aged �1 year from 2003–2004.
NHANES 2001–2004 was approved by
the National Center for Health Statis-
tics Institutional Review Board, and all
of the participants�18 years provided
informed consent, participants 12 to
17 years old and their parents pro-
vided informed consent, participants 7
to 11 years old provided assent and
parental consent, and parents pro-
vided informed consent for those �7
years old.

Study Variables

NHANES 2001–2004 consisted of an in-
home interview followed by a medical
evaluation and blood sample collec-
tion at a mobile examination center.
Demographic variables in the current
analysis include age, gender, and
race/ethnicity. Self-reported or, for
those�12 years old, parent/guardian-
reported race/ethnicity was catego-
rized as non-Hispanic white, non-
Hispanic black, Mexican American, or

other. Country of birth was catego-
rized as those bornwithin or outside of
the United States. The PIR is a ratio of a
family’s income to their poverty
threshold as defined by the US Census
Bureau. NHANES defined PIR�1 as be-
low the poverty threshold, and partici-
pants were divided into 3 categories of
PIR:�5.00, 1.10 to 4.99, and�1.00. Di-
abetes mellitus was coded as present
if participants reported that they had
been told by a physician that they had
diabetesmellitus or if they were taking
insulin or oral hypoglycemics.

Milk consumption data were obtained
from the diet, behavior, and nutrition
section of the NHANES Sample Person
Questionnaire and were categorized
as daily, more than once per week but
less than daily, and less than once per
week. Fish intake was ascertained only
in children 1 to 5 years old and women
16 to 49 years old by using a 24-hour
dietary recall interview.

Participants were asked about hours
spent watching television, playing
video games, and using the computer.
Combined television, video, and com-
puter hours were categorized as none,
�2 hours, 3 to 4 hours, and�4 hours
per day. Vitamin D use as a supplement
was assessed by using participant
questionnaires and pill-bottle review
to obtain the dose and duration of vita-
min D intake. A participant was consid-
ered a regular vitamin D supplement
user if he or she took 400 IU daily for
�30 days.

During the examination, each partici-
pant’s height and weight was mea-
sured. Obesity was categorized on the
basis of weight in 1-year-olds and BMI
in 2- to 21-year-olds. BMI was calcu-
lated as weight in kilograms divided by
height in meters squared. In 1-year-
olds, obesity was defined as levels ex-
ceeding the 95th percentile of the
weight distribution on the basis of
gender-specific weight curves. In 2- to
21-year-olds, obesity was defined by
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using age- and gender-specific centile
curves on the basis of pooled interna-
tional data and linked to the widely
used adult obesity cutoff point of 30
kg/m2 proposed by Cole et al.19 Systolic
and diastolic blood pressures were
measured by trained personnel 3
times on all of the participants �8
years of age, and the mean value from
these measurements was used for the
current analysis. Hypertensionwas de-
fined as a systolic or diastolic blood
pressure exceeding the 95th percen-
tile of levels for the median height of
each participant’s specific age and
gender or �140/90 mm Hg in those
�17 years of age.20

All of the blood measurements used in
this study were drawn and performed
as part of the NHANES 2001–2004
survey. High-sensitivity C-reactive pro-
tein (CRP) was measured by latex-
enhanced nephelometry. Elevated CRP
was defined as �0.15 mg/dL, the
threshold of detection using this as-
say. Serum calcium, phosphate, and
total and high-density lipoprotein
(HDL) cholesterol levels were mea-
sured on the Beckman Synchron LX20
(Beckman Coulter, Brea, CA). Urinary
albumin levels were measured by us-
ing a solid-phase fluorescent immuno-
assay in all of the participants �6
years of age. Urinary creatinine levels
were measured by using the Jaffe rate
reaction with a CX3 analyzer (Beckman
ASTRA, Brea, CA). The urinary albumin/
creatinine ratio (ACR) was calculated,
and albuminuria was defined as an ACR
�30 �g/mg. Serum PTH was measured
at the University of Washington (Seattle,
WA) on an Elecsys 1010 autoanalyzer
(Roche Diagnostics, Mannheim, Ger-
many) by using an electrochemilumines-
cent process, and levels�65 ng/mL, the
upper limit of normal for this assay,
were considered elevated.

25(OH)D was measured by using
the Diasorin (formerly Incstar; Diasorin,
Stillwater, MN) 25(OH)D assay. Three

levels of control specimens were used
to assess the quality of each 25(OH)D
run. Coefficients of variation for serum
25(OH)D remained �11% throughout
the 2001–2004 period. Vitamin D defi-
ciency was defined as a level�15 ng/
mL, whereas levels 15 to 29 ng/mL and
�30 ng/mL were considered insuffi-
cient and sufficient, respectively.

Statistical Analysis

The proportions of participants 1 to 21
years of age with 25(OH)D deficiency,
insufficiency, and sufficiency were cal-
culated by age group (1–6, 7–12, and
13–21 years). Participant characteris-
tics were calculated by 25(OH)D cate-
gories (deficient, insufficient, and
sufficient). Statistical significance of
trends across these characteristics
was determined by using linear and lo-
gistic regression for continuous and
dichotomous variables, respectively.
Next, by using logistic regression mod-
els, we calculated the odds ratios of
25(OH)D deficiency associated with
risk factors, including demographic,
socioeconomic, dietary, and lifestyle
factors. In this analysis, we compared
those with 25(OH)D deficiency to those
with levels�15 ng/mL.

We then analyzed the association be-
tween 25(OH)D deficiency and cardio-
vascular risk factors using logistic re-
gression for categorical variables,
including hypertension, diabetesmelli-
tus, albuminuria, and elevated CRP and

PTH, as well as linear regression for
continuous variables, including serum
calcium, phosphate, systolic and dia-
stolic blood pressures, and total and
HDL cholesterol. Models included ad-
justment for age, gender, race/ethnic-
ity, PIR, obesity, milk intake, television
and computer use, and vitamin D sup-
plement use. As sensitivity analyses,
we also performed the above analysis
only in participants who were not
obese and, to test another cut point to
define deficiency, by using�20 ng/mL.
Data were analyzed by using appropri-
ate NHANES sample weights in Stata SE
10.1 (Stata Corp, College Station, TX) to
account for the complex NHANES sam-
pling design, including unequal proba-
bilities of selection, oversampling, and
nonresponse. For all of the analyses, P
values are 2-tailed with an� � .05 con-
sidered statistically significant.

RESULTS

Prevalence of 25(OH)D Deficiency
and Insufficiency

There were 9757 children in NHANES
2001–2004 included in the prevalence
analyses. Nine percent of children had
25(OH)D levels�15 ng/mL, represent-
ing 7.6 million US children and adoles-
cents with 25(OH)D deficiency. Sixty-
one percent of the children had 25(OH)D
levels between 15 and 29 ng/mL, repre-
senting 50.8 million US children and
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FIGURE 1
Prevalence of 25(OH)D insufficiency and deficiency by participant subgroup for 3012 girls in NHANES
2001–2004.
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adolescents with 25(OH)D insufficiency
(Figs 1 and 2 and Table 1).

Factors Associated With 25(OH)D
Deficiency (25[OH]D Levels
<15 ng/mL)

Older children, girls, non-Hispanic
blacks, Mexican Americans, other
races, those born outside of the United
States, those with a lower PIR, obese
children, and those who spent more
time watching television, playing video
games, or using computers weremore
likely to have lower 25(OH)D levels (Ta-
ble 2). In contrast, children who drank
milk daily and those who took vitamin
D supplements were less likely to have
lower 25 (OH)D levels. These factors

were associated with 25(OH)D defi-
ciency after age, gender, and race/
ethnicity adjustment and after multi-
variable adjustment (Table 3).

Association of 25(OH)D Deficiency
With Cardiovascular Risk Factors

Children and adolescents with lower
25(OH)D levels were more likely to
have lower serum calcium and HDL
cholesterol levels, diabetes mellitus,
and elevated CRP and PTH levels (Table
2). After multivariable adjustment,
children and adolescents with 25(OH)D
insufficiency had lower levels of total
cholesterol and HDL cholesterol and
higher diastolic blood pressures and
were more likely to have elevated PTH

levels than their counterparts with
25(OH)D �30 ng/mL (Table 4). Partici-
pants with 25(OH)D insufficiency were
less likely to have elevated CRP levels,
a finding that did not maintain statisti-
cal significance when evaluating those
with 25(OH)D deficiency. Children with
25(OH)D deficiency had lower serum
calcium and HDL cholesterol levels and
higher systolic blood pressure than
those with 25(OH)D levels �30 ng/mL
after multivariable adjustment (Table
4). In addition, after multivariable ad-
justment, children and adolescents
with vitamin D insufficiency and defi-
ciency were more likely to have PTH
levels �65 pg/mL and hypertension
(Table 4).

Sensitivity Analyses

To avoid residual confounding by obe-
sity, we analyzed the associations be-
tween 25(OH)D insufficiency and defi-
ciency and cardiovascular risk factors
only in nonobese children and adoles-
cents. Results were similar to the
associations reported above. After
multivariable adjustment, those with
25(OH)D deficiency had a higher odds
of having hypertension (OR: 3.81 [95%
CI: 1.09 to 13.21]; P� .04), elevated PTH
levels (OR: 3.79 [95% CI: 1.78 to 8.06];
P � .002), higher systolic blood pres-
sure (OR: 2.36 mm Hg [95% CI: 1.04 to
3.69 mm Hg]; P � .001), and lower se-
rum calcium levels (OR: �0.11 mg/dL
[95% CI: �0.17 to �0.05]; P � .001)
compared with those with 25(OH)D lev-
els�30 ng/mL.

When analyzing the data by using�20
ng/mL as the cut point for deficiency,
most of the associations did not change
materially. In addition to previous as-
sociations, birth outside of the United
States and television and computer
use 3 to 4 hours per day became signif-
icant predictors of 25(OH)D deficiency
(data not shown). In multivariable ad-
justed models, in addition to previous
associations, 25(OH)D deficiency (�20
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FIGURE 2
Prevalence of 25(OH)D insufficiency and deficiency by participant subgroup for 3263 boys in NHANES
2001–2004.

TABLE 1 Prevalence of 25 (OH)D Insufficiency and Deficiency Among 9757 Children and Adolescents
in NHANES 2001–2004

Population 25 (OH)D Levels 15–29 ng/mL, %
(95% CI)

25 (OH)D Levels�15 ng/mL, %
(95% CI)

Girls Boys Girls Boys

Non-Hispanic white
1–6 y old 43 (29 to 57) 48 (36 to 60) 2 (0 to 5) 0.4 (0 to 1)
7–12 y old 62 (52 to 72) 52 (44 to 60) 2 (0 to 3) 1 (0 to 3)
13–21 y old 57 (50 to 66) 63 (57 to 69) 5 (3 to 8) 3 (1 to 4)
Non-Hispanic black
1–6 y old 75 (66 to 84) 76 (70 to 83) 10 (2 to 18) 6 (2 to 10)
7–12 y old 69 (63 to 75) 78 (73 to 83) 28 (21 to 34) 15 (11 to 19)
13–21 y old 39 (32 to 47) 53 (46 to 60) 59 (51 to 67) 43 (36 to 51)
Mexican American
1–6 y old 66 (51 to 81) 70 (61 to 79) — —
7–12 y old 77 (71 to 84) 76 (71 to 82) 6 (2 to 9) 4 (1 to 6)
13–21 y old 69 (62 to 76) 79 (74 to 84) 20 (13 to 28) 7 (5 to 10)
Other race
1–6 y old 58 (28 to 89) 37 (13 to 61) — 2 (0 to 6)
7–12 y old 74 (63 to 85) 81 (64 to 98) 3 (0 to 7) 2 (0 to 5)
13–21 y old 61 (47 to 76) 57 (44 to 70) 30 (14 to 46) 28 (13 to 44)

— represents a cell with no observations.
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ng/mL) was also associated with
higher diastolic blood pressure, lower
total cholesterol, and a lower risk of

elevated CRP but not associated with
prevalent hypertension (data not
shown).

DISCUSSION

The current study provides data on the
prevalence of 25(OH)D deficiency and
its correlates in a large, nationally rep-
resentative sample of children and ad-
olescents 1 to 21 years of age. In 2001–
2004,�9% (7.6 million) of US children
and adolescents had 25(OH)D defi-
ciency, which predisposes them to the
development of rickets. In addition,
children and adolescents with 25(OH)D
deficiency were more likely to have el-
evated PTH and hypertension and
lower calcium and HDL cholesterol lev-
els. Although the elevations in blood
pressure and lipids associated with
25(OH)D deficiency are small and may
not be clinically significant for an indi-
vidual child, taken over the population
and at such a young age, theymay have
long-term clinical consequences.21,22

Previous studies, albeit with smaller
sample sizes, have also found a high
prevalence of 25(OH)D deficiency
among children and adolescents.6–8

Looker et al23 analyzed data from
NHANES III to assess the prevalence of
25(OH)D deficiency in 12- to 19-year-old
subjects. Of participants examined
during the winter months, in southern
latitudes, 1% of boys and 4% of girls
had levels �10 ng/mL, whereas in
those examined during the summer in
the northern latitudes,�1% had levels
�10 ng/mL. Although this study was
nationally representative, it did not ex-
amine dietary or other lifestyle risk
factors for 25(OH)D deficiency.

Consistent with other studies, non-
white race/ethnicity was a very strong
predictor of 25(OH)D deficiency. These
associations were present even after
adjustment for potentially modifiable
risk factors for 25(OH)D deficiency, in-
cluding obesity, milk intake, television
watching, video game and computer
use, and vitamin D supplement use,
suggesting that there are other fac-
tors contributing to this disparity. In-
creased melanin in the skin has been

TABLE 2 Participant Characteristics by 25 (OH)D Levels of 6275 Children Aged 1 to 21 Years From
NHANES 2001–2004

Characteristic 25 (OH)D Levels, ng/mL P

�30 15–29 �15

Age, mean� SE, y 11.0� 0.3 13.0� 0.2 15.0� 0.3 �.001
Female gender, %� SE 47.0� 2.0 47.0� 1.0 60.0� 2.0 .01
Race/ethnicity, %� SE
Non-Hispanic white 82.0� 2.0 57.0� 3.0 19.0� 3.0 �.001
Non-Hispanic black 3.0� 0.4 14.0� 2.0 55.0� 3.0 �.001
Mexican American 11.0� 2.0 22.0� 3.0 17.0� 3.0 �.001
Other 4.0� 1.0 6.0� 0.7 10.0� 2.0 .02
Country of birth, %� SE
Born in United States 97.0� 0.9 91.0� 0.8 89.0� 2.0 �.001
Born outside United States 3.0� 0.8 9.0� 0.8 11.0� 2.0 �.001
PIR, %� SE

�5.00 19.0� 20 11.0� 0.9 7.0� 2.0 �.001
1.10–4.99 64.0� 2.0 62.0� 20 52.0� 3.0 .01
0.00–1.00 17.0� 2.0 27.0� 2.0 40.0� 3.0 �.001
Obese, %� SE
No 91.0� 1.0 82.0� 1.0 72.0� 2.0 �.001
Yes 9.0� 1.0 18.0� 1.0 28.0� 2.0 �.001
Milk intake, %� SE
Daily 82.0� 1.0 76.0� 1.0 56.0� 2.0 �.001
More than once per week 14.0� 1.0 18.0� 1.0 28.0� 2.0 �.001
Less than once per week 4.0� 0.6 6.0� 0.6 17.0� 2.0 �.001
Fish eater (n� 3790), %� SE
Yes 26.0� 2.0 21.0� 2.0 27.0� 3.0 .47
No 74.0� 2.0 79.0� 2.0 73.0� 3.0
Television and computer use, hours per day, %� SE
None 1.0� 0.5 1.0� 0.3 2.0� 0.7 .54
�2 h 42.0� 2.0 33.0� 1.0 26.0� 2.0 �.001
3–4 h 39.0� 2.0 40.0� 1.0 34.0� 2.0 .32
�4 h 18.0� 2.0 26.0� 1.0 38.0� 3.0 �.001
Vitamin D supplements, %� SE
No 93.0� 0.9 96.0� 0.5 98.0� 0.5 .001
Yes 7.0� 0.9 4.0� 0.5 2.0� 0.5 .001
PTH�65 pg/mL (n� 2664), %� SE .001
No 97.0� 0.9 94.0� 1.0 87.0� 2.3
Yes 3.0� 0.9 6.0� 1.0 13.0� 2.3
Phosphate, mg/dL (n� 3926), mean� SE 4.30� 0.03 4.30� 0.03 4.20� 0.03 .08
Calcium, mg/dL (n� 3926), mean� SE 9.74� 0.02 9.71� 0.02 9.60� 0.03 �.001
SBP, mm Hg (n� 4989), mean� SE 106.0� 0.5 107.0� 0.3 110.0� 0.6 �.001
DBP, mm Hg (n� 4989), mean� SE 58.0� 0.7 60.0� 0.4 61.0� 0.6 .014
Hypertension (n� 4989), %� SE .02
No 97.9� 0.6 97.6� 0.3 94.5� 1.1
Yes 2.1� 0.6 2.4� 0.3 5.5� 1.1
Diabetes mellitus, %� SE .03
No 99.8� 0.1 99.3� 0.2 99.2� 0.3
Yes 0.2� 0.1 0.7� 0.2 0.8� 0.3
Albuminuria (ACR�30�g/mg), %� SE .6
No 96.0� 1.0 95.0� 0.5 96.0� 1.0
Yes 4.0� 1.0 5.0� 0.5 4.0� 1.0
CRP, %� SE, mg/dL .02
Low (�0.15) 79.0� 2.0 79.0� 1.0 67.0� 2.0
High (�0.15) 21.0� 2.0 21.0� 1.0 33.0� 2.0
Total cholesterol, mean� SE, mg/dL (n� 6036) 165.0� 0.9 163.0� 1.0 167.0� 2.0 .91
HDL cholesterol, mean� SE, mg/dL (n� 6036) 53.0� 0.6 51.0� 0.3 52.0� 0.7 .03

Data are presented as means� SEs or percentages� SEs of the population. SBP indicates systolic blood pressure; DBP,
diastolic blood pressure. Percentages may not total 100% because of rounding.
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shown to decrease production of pre-
cursors of vitamin D per the same dose
of exposure to UV radiation.24,25 Our
study found an association between
25(OH)D deficiency and hypertension.
It is interesting to note that non-
Hispanic blacks have a higher rate
of hypertension than non-Hispanic
whites, even in childhood.26 Differ-
ences in 25(OH)D levels may explain
some of this disparity, and this is
a subject that warrants further
investigation.

In our analysis, girls had a higher prev-
alence of 25(OH)D deficiency com-
pared with boys. Dietary intake of vita-
min D from food was reported to be

lower for female teenagers compared
with male teenagers in NHANES III.27

Not all studies, however, report a gen-
der difference in the prevalence of
25(OH)D deficiency.28

Less than daily and less than weekly
milk intakes were associated with
higher odds of 25(OH)D deficiency in
our study. Our findings are consistent
with smaller studies in infants, tod-
dlers, and adolescents.12,14 Although
fish is known to contain vitamin D, low
fish intake was not associated with
25(OH)D deficiency in the current anal-
ysis. The American Academy of Pediat-
rics recommends 400 IU daily of vita-
min D for children.29 Some experts

suggest that, without adequate sun ex-
posure, children and adults need
�800 to 1000 IU per day to achieve ad-
equate levels.11,30,31 Vitamin D supple-
ment intake was low in the current
study (4% used 400 IU for �30 days).
However, supplement use maintained
a significant protective association
against 25(OH)D deficiency.

Obese children were also more at risk
of having 25(OH)D deficiency. This as-
sociation is complex, because there
is sequestration of vitamin D in fat tis-
sue,32,33 and obese children may have a
more sedentary, indoor lifestyle. Obese
children may get less vitamin D from
food sources than nonobese children34

TABLE 3 Age-, Gender- and Race/Ethnicity-Adjusted and Multivariable-Adjusted Odds Ratios of 25 (OH)D Deficiency (�15 ng/mL) in 6275 Children in
NHANES 2001–2004

Characteristic Age, Gender, and Race/Ethnicity Adjusted Multivariable Adjusteda

OR 95% CI P OR 95% CI P

Age, y 1.18b 1.14 to 1.22 �.001 1.16 1.12 to 1.20 �.001
Female gender 1.90b 1.60 to 2.40 �.001 1.90 1.50 to 2.30 �.001
Race/ethnicity
Non-Hispanic white (reference) 1.00b — — 1.00 — —
Non-Hispanic black 24.20 15.90 to 36.90 �.001 21.90 13.40 to 35.70 �.001
Mexican American 3.70 2.10 to 6.50 �.001 3.50 1.90 to 6.40 �.001
Other 7.20 3.90 to 13.20 �.001 7.30 3.70 to 14.30 �.001
Country of birth
Born in United States (reference) 1.00 — — 1.00 — —
Born outside United States 1.00 0.70 to 1.50 .97 1.10 0.70 to 1.60 .66
PIR

�5.00 (reference) 1.00 — — 1.00 — —
1.10–4.99 1.00 0.60 to 1.90 .88 1.00 0.50 to 1.90 .98
0.00–1.00 1.30 0.60 to 2.50 .50 1.20 0.60 to 2.40 .62
Obese
No (reference) 1.00 — — 1.00 — —
Yes 2.00 1.50 to 2.60 �.001 1.90 1.50 to 2.50 �.001
Milk intake
Daily (reference) 1.00 — — 1.00 — —
More than once per week 1.40 1.10 to 1.80 .01 1.40 1.10 to 1.80 .01
Less than once per week 2.90 2.10 to 4.00 �.001 2.90 2.10 to 3.90 �.001
Fish eater (n� 3790)
Yes (reference) 1.00 — — 1.00 — —
No 1.20 0.80 to 1.70 .46 1.10 0.70 to 1.60 .67
Television and computer use, h/d
Nonec 2.20 0.70 to 6.40 .16 2.20 0.70 to 6.60 .17
�2 h (reference) 1.00 — — 1.00 — —
3–4 h 1.20 0.90 to 1.50 .26 1.10 0.90 to 1.50 .37
�4 h 1.60 1.10 to 2.40 .01 1.60 1.10 to 2.30 .02
Vitamin D supplements
No (reference) 1.00 — — 1.00 — —
Yes 0.40 0.20 to 0.80 .007 0.40 0.20 to 0.80 .009

— indicates no data; OR, odds ratio.
a Data show a multivariable adjusted for all other variables in the table except fish intake. The fish intake model was adjusted for all other variables in the table.
b Data were adjusted for the other 2 variables: for age, data were adjusted for gender and race; for gender, data were adjusted for age and race; and for race, data were adjusted for age
and gender.
c Only 1.4% of the study population spent no time watching television, playing video games, or using the computer; therefore, this category was not used as the reference.
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or, most likely, a combination of all of
the above and potentially other fac-
tors.

We found that participants with the
lowest levels of 25(OH)D were more
likely to have elevated PTH and low cal-
cium levels, suggesting that there may
be biochemical consequences to the
low 25(OH)D levels. These biochemical
abnormalities have been reported in
other studies.6,14 A study of 193 girls 10
to 12 years old in Finland found that
PTH levels were significantly higher
and bone mineral density levels were
lower in girls with lower 25(OH) D
levels.35

There are few studies that have
reported the association between
25(OH)D levels and cardiovascular risk
factors in children. In a study of 217
obese children,36 lower HDL choles-
terol and higher systolic blood pres-
sure were associated with lower levels
of 25(OH)D. Vitamin D is thought to be
essential for maintaining adequate
levels of apolipoprotein A-I, a major
component of HDL cholesterol. Individ-
uals with high 25(OH)D concentrations
have the highest plasma apolipopro-
tein A-I concentrations, and there is a
positive correlation between 25(OH)D
and serum HDL cholesterol concentra-
tions.37,38 Low HDL cholesterol levels

are an established cardiovascular
risk factor,39 suggesting potential
long-term consequences for 25(OH)D
deficiency in childhood. The unad-
justed association observed be-
tween low 25(OH)D levels and elevated
CRP disappeared after multivariable
adjustment, suggesting that the rela-
tionship was confounded, possibly by
obesity.

Our study has several important limi-
tations. We are limited by a lack of
information on several potential im-
portant confounders, including the
season of measurement of 25(OH)D
levels, the latitude of the participants’
home, and lack of information on sun
exposure. In addition, we did not have
measurements of fibroblast growth
factor 23, which may mediate associa-
tions between phosphate and the
vitamin D axis.40 However, our study
did include a wide range of informa-
tion, including demographics, dietary
factors, and other laboratory factors,
including PTH, which were all col-
lected in a standardized fashion. Also,
NHANES was designed such that par-
ticipants in northern states are en-
rolled and screened during the sum-
mer and southern states during the
winter. Therefore, the 25(OH)D levels
measured may actually be higher than

the average 25(OH)D levels present in
the population. Lastly, our analysis of
risk factors for and sequelae of
25(OH)D deficiency used a cross-
sectional study design, and, therefore,
caution should be taken when consid-
ering the direction of the associations,
and, as in any observational study, cau-
sality cannot be established. Random-
ized, placebo-controlled clinical trials
evaluating the beneficial effects of vita-
min D supplementation on cardiovas-
cular risk factors are needed to estab-
lish these as causal relations.

CONCLUSIONS

We found 25(OH)D deficiency to be
common in children in the United
States. Our analysis shows non-
Hispanic blacks, Mexican Americans,
girls, and older and obese children
and adolescents to be at higher risk
for 25(OH)D deficiency. In addition,
25(OH)D deficiency in children and ado-
lescents was associated with cardio-
vascular risk factors, including hyper-
tension, low HDL cholesterol levels,
and elevated PTH levels. Although our
study shows that a significant propor-
tion of the US pediatric population has
low 25(OH)D levels, only 4% of the pop-
ulation were taking the currently rec-
ommended supplement dose. It will be

TABLE 4 Multivariable-Adjusted Differences in Cardiovascular Risk Factor Levels and OR of Risk Factors in Children and Adolescents With 25 (OH)D
Deficiency (�15 ng/mL) and Insufficiency (15 to 29 ng/mL) Compared With Those With Levels�30 ng/mL Among 6275 children in NHANES
2001–2004

Outcome 25 (OH)D Levels 15–29 ng/mL 25 (OH)D Levels�15 ng/mL

Data 95% CI P Data 95% CI P

Serum calcium, mg/dL (n� 3926) �0.03a �0.09 to 0.02 .21 �0.09a �0.15 to�0.04 .002
Serum phosphate, mg/dL (n� 3926) �0.03a �0.10 to 0.04 .39 �0.04a �0.15 to 0.06 .40
Systolic blood pressure, mm Hg (n� 4989) 0.78a �0.08 to 1.64 .08 2.24a 0.98 to 3.50 .001
Diastolic blood pressure, mm Hg (n� 4989) 1.68a 0.20 to 3.16 .03 1.60a �0.54 to 3.75 .14
Total cholesterol, mg/dL (n� 6036) �3.66a �7.09 to�0.23 .04 �2.92a �8.15 to 2.30 .26
HDL cholesterol, mg/dL (n� 6036) �2.29a �3.57 to�1.01 .001 �3.03a �5.02 to�1.04 .004
PTH�65 pg/mL (n� 2664) 2.0b 1.10 to 3.80 .04 3.6b 1.80 to 7.10 .001
Hypertension (n� 4989) 1.0b 0.50 to 2.00 .96 2.5b 1.00 to 5.90 .04
Diabetes mellitus (n� 6275) 2.8b 0.80 to 10.40 .12 1.9b 0.40 to 9.70 .41
Elevated CRP (n� 6275) 0.7b 0.50 to 0.90 .003 0.7b 0.50 to 1.00 .07
Albuminuria (n� 6275) 1.2b 0.80 to 1.80 .32 1.3b 0.70 to 2.40 .47

Data were multivariable adjusted for age, gender, race/ethnicity, obesity, PIR, television and computer use, milk intake, and vitamin D supplementation.
a Data show �, which represents the difference between those with 25 (OH)D levels�15 ng/mL or 15 to 29 ng/mL compared with those with levels�30 ng/mL and OR is compared to those
with 25 (OH)D�30 ng/mL.
b Data show odds ratio, which represents the difference between those with 25 (OH)D levels�15 ng/mL or 15 to 29 ng/mL compared with those with 25 (OH)D�30 ng/mL.
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important to evaluate whether the re-
cent increase in recommended vita-
min D supplement dose29 decreases
the percentage of the pediatric popu-
lation that is 25(OH)D deficient.
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