
Serum 25-hydroxyvitamin D is associated with obesity and
metabolic parameters in US children

Zhi Fu1,2,†, Cheng Xu1,†, Yaqin Shu1, Zongyun Xie1, Changgui Lu3 and Xuming Mo1,*
1Department of Cardiothoracic Surgery, Children’s Hospital of Nanjing Medical University, 72 Guangzhou Road,
Nanjing 210008, People’s Republic of China: 2Department of Thoracic Surgery, Huai’an First People’s Hospital,
Nanjing Medical University, Huai’an, People’s Republic of China: 3Department of Pediatric Surgery, Children’s
Hospital of Nanjing Medical University, Nanjing, People’s Republic of China

Submitted 23 August 2018: Final revision received 26 January 2019: Accepted 4 March 2019

Abstract
Objective: To explore the relationships of serum 25-hydroxyvitamin D (25(OH)D)
with obesity and metabolic parameters in US children.
Design: Cross-sectional analysis. We evaluated the associations between serum
25(OH)D and multiple measurements of adiposity, serum lipid concentrations,
fasting glucose and insulin resistance in children aged 6–18 years with adjustments
for multiple covariates.
Setting: The National Health and Nutrition Examination Survey, 2001–2006.
Participants: A nationally representative sample of 6311 children and adolescents
aged 6–18 years.
Results: Among US children and adolescents, the prevalence of vitamin D defi-
ciency has been especially high in older children, girls and the non-Hispanic
Black population. Higher odds of obesity were found at a 25(OH)D concentration
of <30 nmol/l (deficiency) than at >50 nmol/l under both criteria for obesity in
children (OR= 3·27, Ptrend≤ 0.001). Moreover, increased odds of having abnormal
HDL-cholesterol (OR= 1·71, Ptrend ≤ 0.001) and impaired insulin resistance
(OR= 4·15, Ptrend ≤ 0·001) were found for children deficient in 25(OH)D com-
pared with those with normal 25(OH)D concentrations. When the children and
adolescents were stratified by gender, we found stronger associations between
serum 25(OH)D concentration and both HDL-cholesterol and insulin resistance
in girls. No association of 25(OH)Dwith any other metabolic parameter was found.
Conclusions: Our results suggest a potential harmful association between low
serum 25(OH)D concentration and the risk of obesity among children. However,
the underlying mechanisms require further investigation.
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Vitamin D, a family of fat-soluble secosteroids, has crucial
roles in the intestinal absorption of calcium, iron, magne-
sium, phosphate and zinc, and is responsible for regulating
calcium and phosphate homeostasis in man. Vitamin D
additionally regulates insulin secretion and glucose
tolerance(1).

Vitamin D deficiency is highly prevalent in the general
population worldwide. In particular, vitamin D deficiency
is common in the USA. Overall, 5 % of the general
population has serum 25-hydroxyvitamin D (25(OH)D)
concentration below the traditional cut-off of 27·5 nmol/l

(11 ng/ml)(2). In adults, the Black andHispanic populations
present an especially high prevalence(3). Among children
and adolescents, approximately 9 % of the population is
25(OH)D deficient(4). Vitamin D deficiency is reported to
be associated with several disorders. Kunutsor et al. found
that high serum vitamin D concentration reduced the risk
ratio for hypertension(5). Inverse associations between
vitamin D concentration and metabolic syndrome(6), dysli-
pidaemia(7) and CVD(8) have been reported in adults. In
contrast, 25(OH)D is positively correlated with insulin
sensitivity(9), as well as reductions in colon, prostate and
breast cancer risk(10). Supplementation with vitamin D and
its analogues can effectively remediate such disorders, as
shown in several randomized controlled trials(11,12).
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Many studies have focused on vitamin D deficiency in
relation to obesity and metabolic syndrome in adults and
suggested its significance in that population(13,14). Because
of the differences between adults and children, three main
manifestations have been observed: (i) children consume
less vitamin D than do adults; (ii) children and adults have
different criteria for obesity outcomes; and (iii) somemech-
anisms affecting vitamin D and obesity are different, such as
inflammatory markers, intestinal absorption function and
sun exposure. These factors are considered to be the pos-
sible causes of low vitamin D and obesity. Additionally,
due to gender-specific differences in glucose homeostasis
and energy balance(15) and vitamin D status(16), gender
may contribute to the associations between vitamin D defi-
ciency and obesity and metabolic indicators. In children,
Moore and Liu found that low serum 25(OH)D concentra-
tion was associated with elevated systolic blood pressure in
the National Health and Nutrition Examination Survey
(NHANES) 2007–2010(17). Total vitamin D intake among
boys was higher than that among girls in the NHANES
2007–2010(18). The higher vitamin D-intake population had
a lower prevalence of overweight or obesity among chil-
dren in the NHANES 2005–2008(19). In the USA, the obesity
prevalence among children and adolescents is 18.4 and
20.6 %, respectively(20). Moore et al. observed that 5 % of
US adolescents suffer from metabolic syndrome(21). How-
ever, evidence indicating whether circulating vitamin D
concentration has the same protective effects in children
and adolescents as in adults is insufficient. Therefore, a large
cross-sectional study was conducted to investigate whether
vitamin D deficiency was associated with obesity and met-
abolic indicators in children, providing clues for future
randomized clinical and animal studies.

In the present study, we aimed to investigate the asso-
ciation of serum 25(OH)D with BMI, waist circumference
(WC), waist-to-height ratio (WHtR) andmetabolism-related
parameters, such as serum lipids, fasting glucose concen-
tration and homeostasis model assessment of insulin resis-
tance (HOMA-IR), in a nationally representative sample of
US children and adolescents from the NHANES. These
results may be the first to provide evidence supporting rela-
tionships between serum 25(OH)D and obesity and asso-
ciations between serum 25(OH)D and HDL-cholesterol
(HDL-C) and insulin resistance in girls.

Methods

Study population
NHANES is a cross-sectional study that uses a stratified,
multistage sample representative of non-institutionalized
civilians in the USA. The data from the NHANES 2001–2006
were selected because of the availability of simultaneous
measurements of serum 25(OH)D and metabolism-related
parameters. The population studied in the presentwork con-
sisted of children aged 6–18 yearswho participated between

2001 and 2006 and had available data on serum 25(OH)D
concentrations, body measurements, total cholesterol (TC),
HDL-C, LDL-cholesterol (LDL-C) and TAG. A subgroup of
adolescents aged 12–18 years who had fasting glucose
and insulin measurements were included. Those who had
diabetes or took insulin or antidiabetic pills to lower blood
sugar (n 36) were excluded, as were those who were
pregnant (n 106).

Anthropometric and laboratory measures
The weights of the children and adolescents were mea-
sured mostly on a Toledo digital scale. Standing height
wasmeasured using a fixed stadiometer with a vertical floor
and movable headboard(22). BMI was calculated as weight
divided by height squared (kg/m2). WC was measured by
professionals according to a standardized protocol. First, a
skeletal landmark, the lateral boundary of the iliac bone,
was located and marked. Then, while standing on the right
side of the children and adolescents, the operator placed a
measuring belt around the trunk on the horizontal plane
marked on the right side of the trunk(22). Serum TC and
HDL-C were measured with a Hitachi 704 analyser in
2003–2004 and with a Hitachi 717 or Hitachi 912 analyser
in 2005–2006. Specifically, TC was measured enzymatically
in serum or plasma in a series of coupled reactions that
hydrolyse cholesteryl esters and oxidize the 3-OH group
of cholesterol(23). Absorbance was measured at 500 nm,
with the colour intensity proportional to the cholesterol
concentration. HDL-C(24) and glucose(25) were directly
determined in serum using reagents purchased from
Roche Diagnostics by detection at absorption wavelengths
of 600 and 340 nm, respectively. TAG concentrations were
detected by a timed end-point method with the Beckman
Synchron LX20. The system monitors variation of the
absorption wavelength at 520 nm within a fixed time inter-
val(26). The Friedewald equation was used to calculate the
LDL-C concentration based on the concentrations of TC,
TAG and HDL-C. Serum insulin concentrations were deter-
mined by RIA in 2001–2002(27), by two-site immunoenzy-
mometric assay in 2003–2004(28) and by ELISA with a
Mercodia insulin assay in 2005–2006(29).

The data on serum 25(OH)D concentrations from
the NHANES 2001–2006 were originally measured at the
National Center for Environmental Health with the
DiaSorin RIA kit. The excessive methodological bias and
imprecision in the methods to measure 25(OH)D have
been discussed in many publications in the field of vitamin
D research, as have quality control issues for the RIA data
from the NHANES. The detailed procedure is presented on
the NHANES website. Until October 2015, portions of sera
from children and adolescents with available 25(OH)D
RIA data from the NHANES 2001–2006 were reanalysed
using LC–MS/MS for a bridging (crossover) study to de-
velop regression equations to predict a NHANES partici-
pant’s LC–MS/MS-equivalent concentration from his/her
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previouslymeasured unharmonized (original) RIA value(30).
Thus, amodel based on RIAquality-control pooled datawas
selected because the results should be independent of any
empirical trend in the sample participant data. As a result,
the 25(OH)D data from the NHANES 2003–2004 were gen-
erally adjusted to lower values, and the 2005–2006 data
were generally adjusted to higher values.

According to the cut-off points in the report issued
by the Institute of Medicine(31), we classified the children
and adolescents into the following three categories:
(i) thosewho had adequate vitaminD concentration (serum
25(OH)D≥ 50 nmol/l); (ii) those who had inadequate
vitamin D concentration (serum 25(OH)D≥ 30 nmol/l but
< 50 nmol/l); and (iii) those who were deficient in vitamin
D (serum 25(OH)D < 30 nmol/l).

Definitions of outcomes
Children and adolescents were classified as obese accord-
ing to cut-off points based on sex and age(32). In addition,
the 85th and 95th percentiles of BMI adjusted for age and
gender were calculated based on the 2000 Centers for
Disease Control and Prevention growth curves(33). We
defined two tiers of abnormalWC according to the 75th and
90th percentiles based on children’s age and gender(34). The
WHtR, calculated as WC divided by height, was used to
assess central adiposity; when the value was equal to or
greater than 0.5, the individual was considered to have a
high level of central adiposity. According to National
Cholesterol Education Program guidelines(35), abnormal
serum TC, serum HDL-C, serum LDL-C, fasting TAG
and fasting plasma glucose concentrations, and abnormal
HOMA-IR score, were defined as follows: TC≥ 200mg/dl,
HDL-C≤ 35mg/dl, LDL-C≥ 130mg/dl, TAG≥ 150mg/dl,
glucose≥ 100mg/dl and HOMA-IR≥ 4.39(36).

Covariates
Serum cotinine was divided into zero, low and high expo-
sure to reflect the severity of exposure to environmental
cigarette smoke. Drinking status was defined by whether
an individual consumed alcohol. The poverty:income ratio
(PIR), the ratio of family income to the poverty threshold
after adjusting for inflation and family size, was used as
an index to evaluate socio-economic status.

Statistical analysis
We usedmultinomial logistic regressionmodels to estimate
adjusted OR and 95 % CI for the associations of obesity
status and WC as distinct outcomes with categories of vita-
min D status. The adequate condition (>50 nmol/l) was
used as the reference value. We controlled the unadjusted
models and adjusted the models testing the associations
of 25(OH)D concentration with BMI and WC for age,
race/ethnicity, gender, alcohol use, PIR and serum cotinine
concentration. We also used these models to explore the
relationships between 25(OH)D concentration and serum

metabolites. As gender is an extremely important variable,
we conducted separate analyses stratified by gender. All
statistical analyses were performed using the statistical soft-
ware package SAS version 9.2. A P value of 0.05 was des-
ignated as the cut-off for statistical significance. The study
was approved by the National Center for Health Statistics
Research Ethics Review Board.

Results

The participants in the present study included 6311 chil-
dren and adolescents aged 6–18 years. Table 1 presents
the baseline characteristics of the groups stratified by serum
25(OH)D concentration category. Children and adoles-
cents who had diabetes or were taking insulin or antidia-
betic pills to lower blood sugar (n 36) were excluded,
as were those pregnant (n 106). Among the children and
adolescents with 25(OH)D deficiency, the incidence rates
were 35.9 % in boys and 64.1 % in girls. Girls were more
susceptible than boys to serum 25(OH)D deficiency
(64.1 v. 35.9 %, P< 0.001). In addition, the proportions with
low 25(OH)D concentration in the non-Hispanic Black
(76.2 %) and relatively poor (54.9 %) populations were
significantly elevated (P< 0.001). Notably, the subset of
individuals with low serum 25(OH)D was older than the
overall population (P< 0.001).

Comparing the variables indicating obesity and meta-
bolic status between categories of 25(OH)D deficiency,
we found that the proportions of children and adolescents
with high BMI, WC, WHtR and HOMA-IR score were all
markedly increased (P< 0.001) in the low 25(OH)D group,
while the percentage of individuals with high fasting TAG
concentration was decreased (P= 0.004). When we com-
pared other metabolism parameters among these three
groups, no statistically significant differences in HDL-C
(P= 0.804) or fasting glucose (P= 0.43) were found.

The overall unadjusted OR for serum 25(OH)D and the
OR after adjustment for either the factors of age, race/
ethnicity and gender, or the factors of age, race/ethnicity,
gender, alcohol intake, PIR and serum cotinine concentra-
tion from the multinomial logistic regression models, are
shown in Table 2. Strong inverse associations between
serum 25(OH)D and obesity or WC were found in children
and adolescents. Remarkably, serum 25(OH)D deficiency
was associated with obesity status (when defined by
BMI≥ 85th percentile: OR = 3.25; 95 % CI 2.54, 4.16;
Ptrend≤ 0.001; when defined by BMI≥ 95th percentile:
OR = 3.27; 95 % CI 2.55, 4.20; Ptrend≤ 0.001), as well as
WC (≥90th percentile: OR = 3.38; 95 % CI 2.60, 4.39;
Ptrend≤ 0.001) and WHtR (OR= 2.97; 95 % CI 2.33, 3.78;
Ptrend≤ 0.001).

In exploring the relationships between serum
metabolism parameters and 25(OH)D deficiency, we
found higher odds of HDL-C ≤ 35 mg/dl with inadequate
serum 25(OH)D concentration than with adequate
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concentration (OR= 1.64; 95% CI 1.22, 2.19) and higher
odds with deficiency than with adequate concentration
(OR= 1.71; 95% CI 1.01, 2.90; Table 3). In addition, we
found increased odds of HOMA-IR score≥ 4.39 with
inadequate serum 25(OH)D v. adequate concentrations
(OR= 2.55; 95% CI 1.89, 3.44) and with deficient v.
adequate concentrations (OR= 4.15; 95% CI 2.66, 6.47).
No association was found between 25(OH)D deficiency
and the other parameters, including TC, LDL-C, fasting
TAG and fasting glucose.

Boys and girls differ in physical composition, hormonal
biology,weight-gainpatternsandsensitivity tocertaingenetic,
environmental, social and racial factors(37). Additionally, pre-
vious research has shown gender differences in vitamin D
intake(18). Our analysis was further performed after strati-
fication by gender. We found that low concentration of
25(OH)D was related to an elevated risk of obesity in boys
(OR= 3.57; 95% CI 2.40, 5.31), as well as with low HDL-C
(OR= 2.84; 95% CI 1.38, 5.85) and high HOMA-IR score
(OR= 4.00; 95% CI 2.19, 7.30) in girls (Fig. 1).

Discussion

In the present study, we used data on serum 25(OH)D con-
centrations from the National Center for Environmental
Health released recently in October 2015. The results pro-
vided the first evidence of associations between low serum
25(OH)D concentration and obesity (indicated by BMI),
WC and WHtR in a large-scale, nationally representative
sample of US children and adolescents. Furthermore, we
found inverse associations between serum 25(OH)D and
serum HDL-C concentrations as well as with HOMA-IR.
Interestingly, among children and adolescents with serum
25(OH)D deficiency, boys were prone to be obese, while
girls had increased risks of abnormal HDL-C concentration
and insulin resistance.

Several covariates may mediate mechanisms affecting
the relationship between serum 25(OH)D and obesity,
and we adjusted for them in the logistic regression model.
For example, smoke exposure may induce inflammation
and oxidative stress(38), alcohol intake likely adds energy

Table 1 Selected characteristics of the study sample by serum 25-hydroxyvitamin D (25(OH)D) category: children and adolescents aged
6–18 years (n 6311), National Health and Nutrition Examination Survey, 2001–2006

Serum 25(OH)D

Adequate (>50 nmol/l) Inadequate (30–50 nmol/l) Deficient (<30 nmol/l)

Characteristic Mean or % SD or n Mean or % SD or n Mean or % SD or n P value

n 5107 2434 554
Age (years), mean and sd 12·2 3·7 13·6 3·2 15·1 2·5 <0·001
Abnormal levels, % and n
BMI ≥ 85th percentile 30·4 1551 41·7 1015 44·9 249 <0·001
BMI ≥ 95th percentile 15·1 769 23·6 575 29·6 164 <0·001
Obesity 13·4 683 21·9 435 30·0 166 <0·001
WC ≥ 75th percentile 33·9 1733 43·0 1047 43·1 540 <0·001
WC ≥ 90th percentile 16·4 840 22·8 554 26·4 146 <0·001
WHtR ≥ 0·5 29·9 1527 40·2 979 43·3 240 <0·001
TC ≥ 200 mg/dl 8·7 442 10·7 261 7·9 44 0·01
HDL-C ≤ 35 mg/dl 5·4 277 5·6 137 4·9 27 0·804
LDL-C ≤ 130 mg/dl 2·3 116 3·5 85 3·2 18 0·011
Fasting TAG ≥ 150 mg/dl 4·1 207 3·2 79 2·2 12 0·004
Fasting glucose ≥ 100 mg/dl 3·7 188 4·8 117 4·5 25 0·43
HOMA-IR score ≥ 4·39 3·8 193 7·9 193 12·1 67 <0·001

Gender, % and n <0·001
Male 54·1 2761 46·1 1122 35·9 199
Female 45·9 2346 53·9 1312 64·1 355

Ethnicity, % and n <0·001
Mexican American 32·4 1657 33·2 807 18·2 101
Other Hispanic 3·9 201 3·1 75 1·3 7
Non-Hispanic White 39·4 2011 8·0 194 2·3 13
Non-Hispanic Black 19·6 1000 51·2 1245 76·2 422
Other race 4·7 238 4·6 113 2·0 11

Serum cotinine, % and n* <0·001
<0·01 ng/ml (LOD) 19·3 985 13·8 337 7·9 44
0·01–10 ng/ml 73·2 3736 77·6 1889 82·5 457
>10 ng/ml 6·7 343 7·9 192 9·0 50

Alcohol, % and n* 0·765
Non-drinker 91·4 4667 91·6 2229 90·1 499
Drinker 4·4 225 4·3 104 4·9 27

PIR, % and n* <0·001
≤1 25·6 1306 35·3 858 41·5 230
>1 70·3 3592 59·4 1447 54·9 304

WC, waist circumference; WHtR, waist-to-height ratio; TC, total cholesterol; HDL-C, HDL-cholesterol; LDL-C, LDL-cholesterol; HOMA-IR, homeostasis model assessment of
insulin resistance; LOD, limit of detection; PIR, poverty:income ratio.
*Weighted percentage.
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to a meal and also stimulates food intake(39) and socio-
economic status seems to be associated with an increased
appetite(40). These variables and molecular mechanisms
may contribute to a greater BMI among children.

We found that vitamin D deficiency was highly preva-
lent in older children, girls and the non-Hispanic Black
population. Concentration of 25(OH)D is widely known
to decline with age(41). Here, we showed similar changes
in both children and adolescents. The gender difference
may be due to reduced intake of vitamin D in girls(42).
Girls may stay in indoor settings such as school or the
library longer than boys, and insufficient sun exposure
can result in 25(OH)D deficiency(43). Genetic predisposi-
tion may be responsible for low 25(OH)D in the non-
Hispanic Black population(44).

Our results are similar to but not completely consistent
with those of previous studies reporting the association
between serum 25(OH)D and adiposity in different regions
and populations. Cediel et al. reported that serum 25(OH)D
was inversely associated with insulin resistance in Chilean
children(45). Lee et al. found that low vitamin D concentra-
tion was associated with TAG in Korean children(46). Obese
Turkish children and adolescents were more commonly
diagnosed with vitamin D deficiency(47), suggesting that
vitamin D is linked to obesity status. The results of case–
control studies indicated that obesity is associated with

vitamin D deficiency in Danish(48) and Chinese children
and adolescents(49). Obesity plays a critical role in meta-
bolic syndrome parameters. Associations between vitamin
D level and components of metabolic syndrome were
also found in Korean children and adolescents(50,51),
Iranian adolescents(52) and Chinese adolescents(53). Here,
we observed elevated risks of decreased HDL-C and
impaired insulin resistance in US children and adolescents
with vitamin D deficiency, especially in girls. In contrast to
previous findings among adults(6), only obesity and a few
markers of metabolic syndrome in children and adoles-
cents were observed to be significantly associatedwith vita-
min D deficiency. However, the current study did not
examine whether any gender difference was present in
adults.

Previous publications have used the NHANES database
to investigate the associations between serum 25(OH)D
and metabolism disorders(4,6,54,55). With the use of unad-
justed data from the NHANES 2001–2004, Reis et al.(54)

reported associations between serum 25(OH)D and both
hypertension and hyperglycaemia in youths aged 12–19
years. Because of high methodological bias and inaccuracy
in the measuring methods, the previous publications using
non-updated data may report false-positive results and
ignore false-negative results. Thus, portions of the serum
samples from participants with available 25(OH)D data

Table 2 OR for the associations between serum 25-hydroxyvitamin D (25(OH)D) concentration and measures of adiposity: children and
adolescents aged 6–18 years (n 6311), National Health and Nutrition Examination Survey, 2001–2006

Serum 25(OH)D

Adequate
(>50 nmol/l)

Inadequate
(30–50 nmol/l)

Deficient
(<30 nmol/l)

Measure of adiposity OR 95% CI OR 95% CI OR 95% CI Ptrend

BMI≥ 85th percentile
Sample size 4054 1813 444
Unadjusted 1·00 Reference 1·66 1·50, 1·84 1·93 1·62, 2·31 <0·001
Adjusted 1·00 Reference 2·11 1·81, 2·45 3·25 2·54, 4·16 <0·001

BMI≥ 95th percentile
Sample size 4054 1813 444
Unadjusted 1·00 Reference 1·76 1·56, 1·99 2·43 1·99, 2·96 <0·001
Adjusted 1·00 Reference 2·18 1·86, 2·55 3·27 2·55, 4·20 <0·001

BMI*
Sample size 4054 1813 444
Unadjusted 1·00 Reference 2·06 1·81, 2·35 2·95 2·39, 3·63 <0·001
Adjusted 1·00 Reference 2·14 1·83, 2·49 3·28 2·56, 4·19 <0·001

WC≥ 75th percentile
Sample size 4023 1798 439
Unadjusted 1·00 Reference 1·78 1·57, 2·00 2·29 1·87, 2·81 <0·001
Adjusted 1·00 Reference 2·09 1·81, 2·42 3·22 2·53, 4·10 <0·001

WC≥ 90th percentile
Sample size 4023 1798 439
Unadjusted 1·00 Reference 1·97 1·72, 2·26 2·55 2·05, 3·18 <0·001
Adjusted 1·00 Reference 2·28 1·93, 2·68 3·38 2·60, 4·39 <0·001

WHtR≥ 0.5
Sample size 4023 1798 439
Unadjusted 1·00 Reference 1·94 1·71, 2·19 2·57 2·09, 3·15 <0·001
Adjusted 1·00 Reference 2·00 1·72, 2·31 2·97 2·33, 3·78 <0·001

WC, waist circumference; WHtR, waist-to-height ratio; LOD, limit of detection.
Adjusted for age (continuous), gender (male, female), race and ethnicity (Mexican American, other Hispanic, non-HispanicWhite, non-Hispanic Black, Other), poverty:income
ratio (<1, ≥1), alcohol use (yes or no) and cotinine concentration (<0.01 ng/ml (LOD), 0.01–10 ng/ml, >10 ng/ml).
*≥30 kg/m2 v. <30 kg/m2.
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from theNHANES 2001–2006were selected by theNational
Center for Environmental Health for additional analyses.
Significant relationships between obesity, WC, HDL-C
and HOMA-IR score and low 25(OH)D concentration in
children and adolescents aged 6–18 years were found in
the current analysis. Furthermore, girls may be more sus-
ceptible to deficiency than boys and may need greater vita-
min D intake. However, no relationship between vitamin D
status and fasting glucose could be found in our analysis,
contradicting significant results from a previous study(54).

We carried out many statistical tests; thus, adjustment for
multiple comparisons was necessary in the present study.
Methods such as Bonferroni correction or the false discovery
rate were not suitable as these methods treat all P values as
equivalent. Considerable structure exists in the NHANES
data. Therefore, P for trend was tested to examine the trend
in 25(OH)D concentration and supporting evidence for a
real association was found. If only a test with logistic regres-
sion models is performed and P for trend is not tested, sig-
nificant values may be expected by chance. In the present
study, the P values of the logistic regression and the trend
test, which were both<0.05, were treated as positive results.

Little evidence is available to support a direct causal rela-
tionship between vitamin D and obesity and metabolic
parameters. Inflammation may be one of the mechanisms

that explain the associations between vitamin D and obesity
and metabolic parameters. Vitamin D has been reported to
inhibit the concentration of 25(OH)D as an acute-phase
reactant in inflammation(56). Obesity is now widely rec-
ognized as a chronic, low-grade systemic inflammatory
state(57,58). Improvements in 25(OH)D concentration have
been reported to enhance the beneficial effects of weight
loss, which may be attributed at least in part to the anti-
inflammatory effects of vitamin D(59,60). Although a meta-
analysis of randomized clinical trials showed no effects of
vitamin D supplementation on inflammatory biomarkers
among overweight/obese adults(61), more research evi-
dence is needed. Recently, vitamin D supplementation
was shown to decrease inflammatory biomarkers (i.e. IL-6
level) in adults with metabolic syndrome(62). More random-
ized clinical trials of obese children and adolescents are
needed to elucidate the mechanism.

The present study has some limitations. First, the differ-
ent ethnicities and dietary habits of the children and ado-
lescents prevented us from comparing results between
the present study and previous ones. Second, some con-
founders, such as sun exposure level and genetic suscep-
tibility, may influence the associations reported herein. In
addition to common covariates, we analysed other covari-
ates that may affect obesity and metabolic indices, such as

Table 3 OR for the associations between serum 25-hydroxyvitamin D (25(OH)D) concentration and serum metabolic disorder risk factors:
children and adolescents aged 6–18 years (n 6311), National Health and Nutrition Examination Survey, 2001–2006

Serum 25(OH)D

Adequate
(>50 nmol/l)

Inadequate
(30–50 nmol/l)

Deficient
(<30 nmol/l)

Risk factor OR 95% CI OR 95% CI OR 95% CI Ptrend

TC≥ 200 mg/dl
Sample size 4025 1803 441
Unadjusted 1·00 Reference 1·38 1·14, 1·66 1·04 0·73, 1·48 0·471
Adjusted 1·00 Reference 1·37 1·10, 1·71 0·99 0·66, 1·48 0·919

HDL-C≤ 35 mg/dl
Sample size 4025 1803 441
Unadjusted 1·00 Reference 1·20 0·94, 1·54 1·09 0·70, 1·70 0·032
Adjusted 1·00 Reference 1·64 1·22, 2·19 1·71 1·01, 2·90 <0·001

LDL-C≥ 130 mg/dl
Sample size 1605 741 189
Unadjusted 1·00 Reference 1·64 1·16, 2·31 1·49 0·83, 2·68 0·280
Adjusted 1·00 Reference 1·80 1·19, 2·73 1·64 0·82, 3·28 0·523

Fasting TAG≥ 150 mg/dl
Sample size 1633 772 199
Unadjusted 1·00 Reference 0·82 0·60, 1·13 0·54 0·28, 1·03 0·159
Adjusted 1·00 Reference 1·20 0·82, 1·74 1·10 0·51, 2·35 0·112

Fasting glucose≥ 100 mg/dl
Sample size 1171 650 190
Unadjusted 1·00 Reference 1·05 0·79, 1·40 0·91 0·56, 1·46 0·403
Adjusted 1·00 Reference 1·40 1·00, 1.97 1·88 1·07, 3·28 0·19

HOMA-IR score≥ 4.39
Sample size 1159 645 188
Unadjusted 1·00 Reference 2·28 1·77, 2·94 3·04 2·12, 4·35 <0·001
Adjusted 1·00 Reference 2·55 1·89, 3·44 4·15 2·66, 6·47 <0·001

TC, total cholesterol; HDL-C, HDL-cholesterol; LDL-C, LDL-cholesterol; HOMA-IR, homeostasis model assessment of insulin resistance; LOD, limit of detection.
Adjusted for age (continuous), gender (male, female), race and ethnicity (Mexican American, other Hispanic, non-HispanicWhite, non-Hispanic Black, Other), poverty:income
ratio (<1, ≥1), alcohol use (yes or no), and cotinine level (<0.01 ng/ml (LOD), 0.01–10 ng/ml, >10 ng/ml).
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PIR, drinking status and serum cotinine concentration.
Performing this ANCOVA ensured that the present results
reflected true circumstances. Because of the cross-sectional
nature of the present study, whether 25(OH)D affects
obesity or vice versa cannot be determined. However,
some evidence from in vivo studies(63) and randomized
controlled trials(64) suggests that vitamin D supplementa-
tion may prevent obesity by mediating the apoptotic path-
way in adipose tissue in mice and may improve insulin
resistance and sensitivity in South Asian women.

Conclusions

Our findings suggest the need for longitudinal analyses to
elucidate temporal relationships between low 25(OH)D
concentration and the development of obesity and serum
metabolism markers in children. Although the exact
mechanism by which 25(OH)D contributes to obesity,
HDL-C and insulin resistance remains unclear, the present
results may contribute to a better understanding of obesity
from an epidemiological perspective.
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