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Abstract
OBJECTIVE—Single-center studies have suggested that hypovitaminosis D is widespread. Our
objective was to determine the serum levels of 25-hydroxyvitamin D (25[OH]D) in a nationally
representative sample of US children aged 1 to 11 years.

METHODS—Data were obtained from the 2001–2006 National Health and Nutrition
Examination Survey. Serum 25(OH)D levels were determined by radioimmunoassay and
categorized as <25, <50, and <75 nmol/L. National estimates were obtained by using assigned
patient visit weights and reported with 95% confidence intervals (CIs).

RESULTS—During the 2001–2006 time period, the mean serum 25(OH)D level for US children
aged 1 to 11 years was 68 nmol/L (95% CI: 66 –70). Children aged 6 to 11 years had lower mean
levels of 25(OH)D (66 nmol/L [95% CI: 64 –68]) compared with children aged 1 to 5 years (70
nmol/L [95% CI: 68 –73]). Overall, the prevalence of levels at <25 nmol/L was 1% (95% CI: 0.7–
1.4), <50 nmol/L was 18% (95% CI: 16–21), and <75 nmol/L was 69% (95% CI: 65–73). The
prevalence of serum 25(OH)D levels of <75 nmol/L was higher among children aged 6 to 11 years
(73%) compared with children aged 1 to 5 years (63%); girls (71%) compared with boys (67%);
and non-Hispanic black (92%) and Hispanic (80%) children compared with non-Hispanic white
children (59%).

CONCLUSIONS—On the basis of a nationally representative sample of US children aged 1 to
11 years, millions of children may have suboptimal levels of 25(OH)D, especially non-Hispanic
black and Hispanic children. More data in children are needed not only to understand better the
health implications of specific serum levels of 25(OH)D but also to determine the appropriate
vitamin D supplement requirements for children.
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Vitamin D3 (cholecalciferol) comes from 2 sources: exposure to UV-B rays in natural
sunlight and dietary intake (including supplements). Because few foods contain vitamin D
precursors,1 sunlight exposure is the primary determinant of vitamin D status in humans.
However, in northern latitudes between November and March there are insufficient UV-B
rays to produce vitamin D.2,3 Moreover, sunscreen use in childhood, which protects against
future melanoma,4–6 decreases vitamin D production in the skin.7 Together, these factors
contribute to the recent reports of hypovitaminosis D in diverse populations.1,2

There is controversy, however, about what a healthy level of 25-hydroxyvitamin D
(25[OH]D) is for children and even what level of 25(OH)D should be used to define vitamin
D deficiency.8–11 In 1997, the Institute of Medicine defined vitamin D deficiency as a serum
25(OH)D level of <27.5 nmol/L (to convert to ng/mL divide by 2.496).8 In 2007, the
Canadian Paediatric Society defined vitamin D deficiency as a serum 25(OH)D level of <25
nmol/L.12 Also, in a 2008 review written on behalf of the Lawson Wilkins Pediatric
Endocrine Society, vitamin D deficiency was defined as a serum 25(OH)D level of <37.5
nmol/L.13 Although investigators’ definitions differ and different laboratory assays have
been used to determine serum 25(OH)D levels, the preponderance of evidence from single-
center studies suggests widespread hypovitaminosis D in children of all ages.11,14–18 A
nationally representative study of children aged ≥12 years from 1988 –1994, using an even
stricter criterion for deficiency (<17.5 nmol/L), found little evidence of deficiency, but
found that lesser degrees of vitamin D deficiency are common.12 And there is a growing
interest in these lesser degrees of vitamin D deficiency. Indeed, an examination of the 2000
–2004 National Health and Nutrition Examination Survey (NHANES) shows, among other
data, the percentage of males and females 0 to 70 years of age with a 25(OH)D level of <50
nmol/L.19

Although controversial,20,21 higher levels of 25(OH)D have been shown in some studies to
improve bone health22 and also may help prevent cancer,23–26 autoimmune diseases/type 1
diabetes,24,27–29 infectious diseases,30–32 myocardial infarction,33 and childhood
wheezing.34,35 In adults, emerging data suggest that the optimal level of 25(OH)D may be as
high as 75 or 100 nmol/L.36,37 In children, the optimal level of serum 25(OH)D for general
health is unknown and even more controversial then in adults, because there are fewer
outcome data.37,38

Our objective was to determine the prevalence of serum 25(OH)D levels of <25, <50, and
<75 nmol/L in a nationally representative sample of US children aged 1 to 11 years.

METHODS
Study Design and Participants

Annually, the National Center for Health Statistics conducts the NHANES, a nationally
representative probability sample of the noninstitutionalized US civilian population. Since
1999, NHANES data were released in 2-year cycles. We received a waiver from our
institutional review board and analyzed the 3 most recent cycles of NHANES data (ie,
January 2001 to December 2006).

Details of survey methodology are described elsewhere.39 Briefly, the sample was obtained
by using a complex, stratified, multistage probability study design with unequal probabilities
of selection. The NHANES oversamples certain subgroups of people including low-income
persons, black persons, and Mexican Americans. The NHANES uses a 4-stage sampling
strategy covering geographic primary sampling units, which are counties or small groups of
contiguous counties, segments within primary sampling units (a block or group of blocks),
households within segments, and 1 or more participants within households.
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Serum 25(OH)D levels were obtained for participants aged 6 to 11 years from 2001–2006
and for those aged 1 to 5 years from 2003 to 2006. During 2001–2006, the NHANES
collected household interview data for 3421 (87%) of 3951 invited participants aged 6 to 11.
Subsequently, 3300 (96%) participants received physical and laboratory examination in a
mobile examination center (MEC), of which 2759 had serum 25(OH)D testing (541
missing). During 2003–2006, the NHANES collected household interview data for 2677
(89%) of 3006 invited participants aged 1 to 5. Subsequently, 2346 (88%) participants had
MEC evaluation, of which 1799 had serum 25(OH)D testing (547 missing).

Data Collection
Throughout the NHANES years, strategies for sampling and methodologies for data
collection were very similar to maintain consistency and facilitate comparisons. To avoid
weather issues and improve response, the NHANES MECs preferentially scheduled data
collection in the lower latitudes (farther south) during winter months and higher latitudes
(farther north) during the summer months. Demographic data (age, gender, race/ethnicity),
based on self-report, were recorded. The poverty/income ratio is provided in the NHANES
data set and was used to control for socioeconomic status; values of <1 were considered low
socioeconomic status. For the vitamin supplement data, the participant showed the
interviewer all of the vitamin/mineral supplements being used. The interviewer recorded the
information and asked about frequency of use. Later, trained nutritionists matched each
supplement to the National Center for Health Statistics database, which contained detailed
information about ingredients. We recorded the vitamin D dosage for all supplements and
the frequency of use. The results are stratified by those who were and were not taking
vitamin D–containing supplements.

Blood samples for serum 25(OH)D testing collected during the examination were
centrifuged, aliquoted, and frozen to −70°C on-site, and shipped on dry ice to central
laboratories where they were stored at −70°C until analysis. Serum 25(OH)D levels were
measured by a radioimmunoassay kit after extraction with acetonitrile (DiaSorin, Stillwater,
MN) by the National Center for Environmental Health (Atlanta, GA).

Analysis
We performed statistical analyses by using Stata 10.1 (Stata Corp, College Station, TX).
Using survey commands, we applied the recommended sub-sample weights for the
interview plus examination data to account for unequal probabilities of selection. The
NHANES provides weighting of the actual number of subjects to allow for the sample to
represent the entire US population on the basis of census statistics. We used these weights to
provide population estimates of 25(OH)D levels. Although all of results are presented as
weighted values, we also provide the raw numbers to allow for insight about the sample size.
We calculated variance on the basis of NHANES-provided masked variance units by using
the Taylor series linearization method. We categorized serum 25(OH)D levels as <25, <50,
and <75 nmol/L. Primary analysis is descriptive with 95% confidence intervals (CIs).We
tested for interactions by using logistic regression using interaction terms for age and race/
ethnicity while controlling for the primary effects of age, gender, and race/ethnicity.

RESULTS
During 2001–2006, the mean serum 25(OH)D for children aged 1 to 11 years was 68 nmol/
L. Using the NHANES weighting of the actual number of subjects to provide population
estimates, there were 90 participants with serum 25(OH)D levels of <25 nmol/L,
representing 320 000 (95% CI: 220 000–430 000) children; 1268 participants with a serum
25(OH)D level of <50 nmol/L, representing 6.3 million (95% CI: 5.4 –7.2 million) children;
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and 3587 participants with a serum 25(OH)D level of <75 nmol/L, representing 24 million
(95% CI: 21–26 million) children. Overall, the prevalence of serum 25(OH)D levels of <25
nmol/L was 1.0% (95% CI: 0.7–1.4), <50 nmol/L was 18% (95% CI: 16 –21), and <75
nmol/L was 95% (95% CI: 65–73).

Demographics
Fig 1 shows the prevalence of serum 25(OH)D levels for all of the children as a group (ie,
everyone aged 1 to 11 years) at 3 thresholds: <25, <50, and <75 nmol/L. Although the
prevalence of children aged 1 to 11 years with a serum 25(OH)D level of <25 nmol/L is not
high (1.0%), non-Hispanic black children (4.8%) clearly have the highest percentage. When
the Institute of Medicine’s definition of deficiency (<27.5 nmol/L) is used, the prevalence of
vitamin D deficiency increases to 1.5% for all children aged 1 to 11 years.8 When the
threshold of <50 nmol/L is used a substantial proportion of children have low levels of
serum 25(OH)D. If a serum 25(OH)D level of <75 nmol/L is used, the prevalence of
children aged 1 to 11 years in this category is higher among girls (71% [95% CI: 66 –76])
compared with boys (67% [95% CI: 62–72]), and non-Hispanic black (92% [95% CI: 89 –
94]) and Hispanic children (80% [95%CI:77– 83]) compared with non-Hispanic white
children (59% [95% CI: 53–65]). Adjustment for socioeconomic status, as measured by
poverty/income ratio, did not materially change these results (data not shown).

Mean and categorical 25(OH)D levels stratified by age are presented in the Table 1, because
the mean levels of 25(OH)D were lower in children aged 6 to 11 years (66 nmol/L [95% CI:
64 –68]) compared with children aged 1 to 5 years (70 nmol/L [95% CI: 68 –73]), whereas
the prevalence of 25(OH)D levels at <75 nmol/L was higher among children aged 6 to 11
(73% [95% CI: 69 –78]) compared with children aged 1 to 5 (63% [95% CI: 58 –68]). More
than 1 of every 5 children aged 6 to 11 years and over half of non-Hispanic black children
aged 6 to 11 years has a 25(OH)D level of <50 nmol/L. If the threshold is changed to <75
nmol/L, almost all non-Hispanic black and Hispanic children aged 6 to 11 (96% and 86%,
respectively) have low levels and most children aged 1 to 5 (85% and 73%, respectively) do
as well. Although controlling for age, gender, and race/ethnicity, there was a statistically
significant interaction between age and both non-Hispanic black (P < .001) and Hispanic (P
= .03) ethnicity.

Vitamin D Supplementation
Any vitamin supplement was taken by 38% (95% CI: 35–41) of participants, of which 89%
contained vitamin D. The vitamin D dosage was ≤100 IU for 9.5%, 100 –399 IU for 5.6%,
400 IU for 83%, and ≥400 IU for 2.3% of these supplements. Daily use was reported for
51% of participants, and 80% reported use of ≥15 of the past 30 days. The mean serum
25(OH)D level was higher among those reporting taking vitamin D–containing supplements
(72.3 nmol/L) compared with those without supplementation (67.0 nmol/L). Among those
children aged 1 to 11 years taking vitamin D–containing supplements, 10% had a 25(OH)D
level of <50 nmol/L and 62% had a level of <75 nmol/L. Among those children aged 1 to 11
years not taking supplements, 21% had a 25(OH)D level of <50 nmol/L and 70% had a level
of <75 nmol/L.

DISCUSSION
To our knowledge, this is the first nationally representative sample providing an in depth
examination of the prevalence of 3 levels of serum 25(OH)D (<25, <50, and <75 nmol/L) in
children aged 1 to 11 years. These data highlight that millions of children in the United
States have levels of 25(OH)D some experts consider to be too low and that non-Hispanic
black and Hispanic children have the lowest levels of 25(OH)D. Practitioners caring for
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children should become aware of the emerging data about the diverse health effects of
vitamin D and understand that this group of children may require more vitamin D then they
are currently making from sunlight or consuming in their diet (including supplements).

In children, there are sparse outcome data to help define a healthy or optimal level of
25(OH)D. Although vitamin D deficiency has been defined as a child having a serum
25(OH)D level of <25 nmol/L10 or <27.5 nmol/L,8 some have proposed that levels of <50
nmol/L should define vitamin D deficiency.9,13 The initial definitions and discussion about a
healthy level of vitamin D concerned the prevention of rickets.8 Data however, demonstrate
that vitamin D is a prohormone with receptors throughout the body.40 As a result, health
outcomes beyond rickets are now being considered when experts and national panels try to
define a healthy level of 25(OH)D for children.41

In terms of bone-related outcomes, Gordon et al22 recently demonstrated that one third of
infants and toddlers with a serum 25(OH)D level of <50 nmol/L were noted to have some
evidence of bone demineralization by standard radiograph. In addition, mild rickets has been
found in North American infants with serum 25(OH)D levels close to 50 nmol/L.42

Considering nonbone health outcomes, a meta-analysis shows that the risk of type 1 diabetes
is significantly reduced in children receiving vitamin D supplements compared with those
not receiving supplements.29 Respiratory outcomes have also been investigated. Children
aged 2 to 60 months hospitalized with acute lower respiratory tract infection had a 12.5-fold
higher unadjusted odds of having a serum 25(OH)D level of <50 nmol/L compared with
healthy controls.43 Two prospective birth cohorts, 1 from the United States34 and 1 from
Scotland35 have both demonstrated that lower maternal intake of vitamin D during
pregnancy is associated with increased risk of recurrent wheezing in these mothers’ children.
Combining the infection and wheezing outcomes, Camargo et al44 found in a birth cohort of
922 New Zealand children an inverse relationship between the level of 25(OH)D in
umbilical cord blood and parent-reported respiratory infection (ie, bronchiolitis, croup,
pneumonia, throat infections, and ear infections) by 3 months of age and parent-reported
wheezing illness at 15 months, 3 years, and 5 years of age. These results were independent
of season, exclusive breastfeeding, and other potentially relevant confounders. The risk was
lowest for children with a cord blood 25(OH)D level of ≥75 nmol/L.44 The mechanism
underlying the association with vitamin D and risk of infections is being examined, but the
innate immune system seems to play a role.45

In adults, there is more data describing the nonbone health effects of vitamin D.* Two
recently published studies33,48 demonstrate that a healthy level of 25(OH)D may be at least
75 nmol/L. In 1 study, patients with colorectal cancer who had mean 25(OH)D levels of
>100 nmol/L were almost 50% less likely to die (from all causes, including colon cancer)
than those with a mean serum 25(OH)D level of <42 nmol/L.48 In another recent
prospective study, the risk of myocardial infarction increased as a man’s serum 25(OH)D
level decreased. Men with serum 25(OH)D levels of <37.5 nmol/L had a 2.4 relative risk
increase in myocardial infarction compared with men with serum 25(OH)D levels of ≥75
nmol/L after controlling for multiple other risk factors.33 Adult data frequently do not
translate to children, and the clinical outcomes examined in many of the adult vitamin D
studies are not relevant for children. Nonetheless, these adult data should not be ignored by
clinicians caring for children, because results from both adult and pediatric studies similarly
suggest that healthier levels of 25(OH)D may prove to be 50, 75, or even >75 nmol/L.

The level of concern regarding the national prevalence data presented here will depend, in
part, on what level of 25(OH)D is eventually found to be optimal for a child’s health. The

*Refs 23–28, 30–32, 34, 35, 43, 46, and 47.
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Canadian Paediatric Society has termed children with levels of 25(OH)D of <75 nmol/L as
insufficient.10 When this 75 nmol/L level is applied to US children aged 1 to 11 years, 2 of
every 3 children in the United States are below this threshold and almost all non-Hispanic
black and Hispanic children are below this threshold. If the threshold is changed to <50
nmol/L, then over half of non-Hispanic black children aged 6 to 11 years fall into this
category. Considering these prevalence data, would there be risks associated with
recommending that all children have vitamin D supplements until the short- and long-term
health outcome data are elucidated? Toxicity, from excessive intake of vitamin D is rare but
is considered for adults taking >10 000 IU per day.49 Case reports of toxicity describe a 42-
year-old man who inadvertently may have taken between 156 000 and 2 640 000 IU of
vitamin D3 per day for 2 years50 and 1 study in which children aged 3 to 36 months were
given 300 000 IU of vitamin D.51 It should be noted, however, that appropriately designed
studies may need to be conducted to examine if excessive vitamin D supplementation either
causes less overt complications then those currently recognized or long-term negative effects
on adult-onset diseases. Currently, only 1 of 3 children is taking a vitamin D–containing
supplement. And although vitamin D supplementation raises 25(OH)D levels, 1 in 10
children taking vitamin D–containing supplements at current doses (100 –400 IU) had a
25(OH)D level of <50 nmol/L and over half of children had a level of <75 nmol/L. As
suggested recently by the Canadian Paediatric Society and a recent state-of-the-art review on
vitamin D,10,13 higher supplement doses may be required for children to reach the safe and
potentially healthier levels of 25(OH)D of >50 or >75 nmol/L.

Sunlight, specifically UV-B rays, promotes the cutaneous generation of vitamin D3. This
process, however, is reduced by increased melanin pigmentation of the skin.52 The effect of
skin pigmentation on levels of 25(OH)D is evident in these data and may help explain the
surprising finding that children aged 1 to 5 years have higher levels of 25(OH)D compared
with older children aged 6 to 11 years. We hypothesize that as children age and begin
playing outdoors more, the relative effects of skin pigmentation may become more evident
and explain the lower levels of 25(OH)D in the older non-Hispanic black and Hispanic
children. We plan to examine this idea in future work.

The present study has some potential limitations. We did not analyze latitude and season in
this analysis, the most important determinants of the serum level of 25(OH)D. For these
NHANES data, serum was collected at only 1 point in time and preferentially collected in
northern states in the summer and southern states in the winter. Therefore, this geographical
preference used for the sampling may slightly increase overall population 25(OH)D levels
and, as a result, these data most likely represent the “best-case” scenario for 25(OH)D
levels. If, the sampling methodology were changed to random sampling across all seasons,
this methodology should yield an even higher prevalence of lower levels of 25(OH)D.
Moreover, our goal in this manuscript was not to discuss or verify the causes of low levels
of 25(OH)D, such as latitude and season, but rather to describe the prevalence of serum
25(OH)D levels in children aged 1 to 11 years. It should be assumed that at higher latitudes
in the winter the prevalence of lower levels of 25(OH)D would be even greater. Another
potential limitation is that demographic and vitamin supplementation information is self-
report, and other factors associated with 25(OH)D levels were not analyzed (eg, estimated
sunlight exposure and diet). However, the purpose of our analysis was to examine the
prevalence of certain levels of 25(OH)D in children and not to predict or determine the
cause of the observed levels.

CONCLUSIONS
There are millions of children with levels of 25(OH)D lower than some experts believe to be
healthy, especially among non-Hispanic black and Hispanic children. These data are a call to
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action to determine in children the optimal level of serum 25(OH)D, the health effects of
vitamin D in children, and the different approaches that one might use to reach a healthy
level. In the meantime, however, on the basis of the limited risk of toxicity, we conclude that
it is likely that many US children need more vitamin D.
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WHAT’S KNOWN ON THIS SUBJECT

Single-center studies have suggested that hypovitaminosis D is widespread. Our
objective was to determine the serum levels of 25(OH)D in a nationally representative
sample of US children aged 1 to 11 years.

WHAT THIS STUDY ADDS

On the basis of a nationally representative sample of US children aged 1 to 11 years,
millions of children may have suboptimal levels of 25(OH)D, especially non-Hispanic
black and Mexican American children. It is likely that many US children need more
vitamin D.
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FIGURE 1.
Demographics for children aged 1 to 11 years using 3 thresholds of serum 25(OH)D. NH
indicates non-Hispanic.
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