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Context: Studies examining vitamin D levels in association with childhood obesity usually do not
consider the effect of insulin on vitamin D–binding protein and do not calculate the unbound,
bioavailable vitamin D.

Objective: This study aimed to evaluate in a group of children 1) the concentrations of both total
25-hydroxyvitamin D and bioavailable fraction, and 2) the potential role of insulin resistance in
modulating the concentrations of bioavailable vitamin D.

Design, Setting, and Patients or Other Participants: This was a cross-sectional study at a University
Pediatric Department in which 63 obese children and 21 lean controls were enrolled.

Main Outcome Measures: Total 25-hydroxyvitamin D and vitamin D–binding protein were mea-
sured, two single-nucleotide polymorphisms in the coding region of the vitamin D–binding protein
(rs4588 and rs7041) were studied, and the vitamin D bioavailable fraction was calculated.

Results: Obese children showed total 25-hydroxyvitamin D levels lower compared with nonobese
children (21.3 � 6.7 ng/mL vs 29.6 � 11.7 ng/mL; P � .0004). Bioavailable 25-hydroxyvitamin D levels
were not different among the two groups (3.1 � 1.6 ng/mL vs 2.6 � 1.2 ng/mL; P � .05). Insulin-
resistant children showed higher bioavailable levels of 25-hydroxyvitamin D compared with non-
insulin-resistant children (3.4 � 1.4 ng/mL vs 2.0 � 0.9 ng/mL; P � .013) and an inverse correlation
between insulin resistance and vitamin D–binding protein was found (r:� �0.40; P � .024).

Conclusions: Obese children present levels of bioavailable 25-hydroxyvitamin D similar to those of
normal-weight children due to reduced concentration of vitamin D–binding protein. The insulin
resistance could play a role in this reduced concentration. (J Clin Endocrinol Metab 100: 3949–3955,
2015)

In less than one generation, child obesity prevalence has
increased substantially in most high-income countries

and seems to be increasing rapidly also in low-income and
middle-income countries (1). Vitamin D deficiency is an-
other increasingly prevalent public health concern in
many countries and observational studies have reported
an increased risk of vitamin D deficiency in those who are
obese (2). The nature of this association has been defined
in a recent bidirectional Mendelian randomization anal-

ysis providing evidence for obesity as a causal factor in the
development of vitamin D deficiency but not for vitamin
D deficiency as a causal factor in the development of obe-
sity (3). Sequestration of vitamin D by adipose tissue is a
conceivable mechanism explaining this finding (4). The
results on the role of these reduced levels of vitamin D in
the constellation of obesity-related comorbidities such as
hypertension, dyslipidemia, insulin resistance, and meta-
bolic syndrome are contrasting (5).
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Because levels of 25-hydroxyvitamin D are also con-
sistently low in childhood obesity, obese children are fre-
quently classified as being vitamin D deficient (6–8). The
Institute of Medicine recommended 25-hydroxyvitamin D
levels as reliable biomarker for assessment of vitamin D
status and considered values lower than 20 ng/mL as in-
adequate or not sufficient and values greater than 20
ng/mL as adequate or sufficient (9). There remains, how-
ever, considerable controversy regarding the choice of cut-
off for vitamin D sufficiency with the Endocrine Society
recommending a cutoff of 30 ng/mL (10).

Prohormone 25-hydroxyvitamin D is a lipophilic mol-
ecule that is transported in the circulation mainly bound to
vitamin D–binding protein, whereas a small amount is
free in the plasma (11). The concentration of unbound
25-hydroxyvitamin D is not only dependent on the con-
centration of vitamin D–binding protein and of alterna-
tive serum binding proteins such as albumin, but is also
influenced by variations in vitamin D–binding specific af-
finity (12).

These variations are due to changes in the vitamin
D–binding protein amino acid sequence, which, in turn,
reflect single nucleotide polymorphisms (rs7041 and
rs4588) of the vitamin D–binding protein gene (12). Bio-
available 25-hydroxyvitamin D refers to all the circulating
25-hydroxyvitamin D that is not bound to vitamin
D–binding, in other words the free portion plus the por-
tion bound to albumin. It represents approximately 10%
of all circulating 25-hydroxyvitamin D (13, 14).

Recently, Powe et al (15), investigating both Black and
White Americans have suggested that measurement of the
bioavailable 25-hydroxyvitamin D may provide a better
assessment of sufficiency compared with total 25-hy-
droxyvitamin D. The same Authors have also shown that
bioavailable 25-hydroxyvitamin D levels are better cor-
related with measures of mineral metabolism than total
25-hydroxyvitamin D in patients receiving hemodialysis
(14). This is in agreement with the free hormone hypoth-
esis stating that protein-bound hormones are relatively
inactive whereas hormones not bound to binding proteins
are available to exert biological activity (16, 17).

Considering that past studies examining 25-hydroxyvi-
tamin D levels in association with childhood obesity have
not concurrently measured levels of vitamin D–binding
protein and calculated bioavailable 25-hydroxyvitamin D
fraction, the aim of the present study was to evaluate in a
group of both obese and lean children 1) the concentra-
tions of both total 25-hydroxyvitamin D and of the bio-
available fraction 2) the association between total or
bioavailable 25-hydroxyvitamin D and the metabolic syn-

drome, and 3) the potential role of insulin resistance in
modulating the concentrations of bioavailable 25-hy-
droxyvitamin D.

Materials and Methods

Sixty-three Caucasian obese children and adolescents (age rang-
ing from 4–15 y) consecutively referred to the Department of
Woman, Child and General and Specialized Surgery of the Sec-
ond University of Naples (Italy) from January 2014 to March
2014 have been enrolled onto this study, as well as 21 sex- and
age-matched lean controls who consulted, in the same period, the
Department for presumed diseases and were found to be normal.

Procedures followed were in accordance with the Helsinki
Declaration of Principles 1975 as revised in 1983. The ethical
committee of the Second University of Study of Naples approved
the study. Written informed consent and assent were obtained
from all parents before any procedures.

Patients underwent physical examination. Body weight was
measured by a balance beam scale, the child being undressed,
height was measured by a Harpenden stadiometer and body
mass index (BMI) was calculated by dividing the weight by the
height squares. z scores for BMI were calculated by using the
lambda-mu-sigma method (18). Waist circumference was mea-
sured with a flexible tape measure while the subjects were stand-
ing, after normal expiration, at the midpoint between the lowest
rib and the iliac crest.

Waist-to-height ratio (WHtR) was calculated to obtain an
age-independent measure of body composition, particularly of
abdominal fat deposits (19)

Pubertal stage according to Tanner criteria was assessed.
Measurements of systolic and diastolic blood pressure (BP) were
taken three times at the left arm, whereas subjects were seated
and the mean of the last two measures was used for analysis. All
measurements were taken by the same operator.

A blood sample was drawn from each patient at 0800 h after
an overnight fast. Triglycerides and high-density lipoprotein
cholesterol was measured. Triglyceride levels were determined
by an enzymatic colorimetric test with lipid-clearing factor. Im-
munoreactive insulin was assayed by IMX (Abbott Diagnostics).
The mean intra- and interassay coefficients of variation (CV)
were 4.7 and 7.2%, respectively. Serum PTH levels were mea-
sured with a commercially available chemioluminescence immu-
noassay (interassay CV, 2.5%). ELISA commercially available
kits were used for IL-6 (intra-assay CV, 3.4%; interassay CV,
5.2%) and for adiponectin (intra-assay CV, 4.4%; interassay
CV, 5.5%) measurements. Analyses were performed in the same
laboratory.

Children and adolescents were defined as obese if the BMI
exceeded the 95th percentile for age and sex according to Italian
charts (20).

Metabolic syndrome was defined using previously published
definition (19). Metabolic syndrome was considered present
when the child had three or more of the following criteria: central
adiposity (waist circumference � 90th percentile for age and sex)
(21), triglycerides at least 150 mg/dL (1.7 mmol/l), high-density
lipoprotein cholesterol � 40 mg/dL (1.03 mmol/l), systolic BP or
diastolic BP at least 90th percentile for age, sex, and height (22),
fasting plasma glucose at least 100 mg/dL (5.6 mmol/l) or pre-
viously diagnosed type 2 diabetes.
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Insulin resistance was assessed using the homeostasis model
assessment (HOMA) and, according to a recent report (23) were
considered as affected by increased insulin resistance children
with HOMA greater than 3.

Levels of total 25-hydroxyvitamin D (D2 and D3) were mea-
sured by the method of ELISA according to the manufacturer’s
instructions (DLD Diagnostika, GMBH,) with the intra-assay
and interassay coefficients of variation 5 and 7.8%, respectively.
Vitamin D–binding protein was also measured by ELISA (R&D
Systems,) with the intra-assay and interassay coefficients of vari-
ation 5.9 and 6.1%, respectively.

Genomic DNA was extracted from peripheral whole blood
with a DNA extraction kit (Promega). Patients were genotyped
for two common single-nucleotide polymorphisms in the coding
region of the vitamin D–binding protein gene (rs4588 and
rs7041) by Taqman allelic discrimination assay on ABI 7900HT
Real Time PCR system (Applied Biosystems). Predesigned assay
primers and probes were purchased from Applied Biosystems.

Concentrations of bioavailable 25-hydroxyvitamin were cal-
culated in 33 homozygotes, for whom we could use a single
genotype–specific binding affinity constant on the basis of the
presence of a single vitamin D–binding protein variant according
to the equation: [Bio D] � [DFree] � [DAlb] � (Kalb� [Alb] � 1)
� [DFree] where [DFree] � [DDBP] � KDBP � ([Total DBP] �
[DDBP]) (15).

Differences between means relative to total 25-Hydroxyvi-
tamin D, bioavailable 25-Hydroxyvitamin D, and PTH serum
levels among different categories of patients were evaluated with
the Student t test.

Both simple regression and multiple regression analysis, in-
cluding sex, pubertal stage, and age as covariates were used to
correlate total 25-Hydroxyvitamin D, bioavailable 25-Hydro-
hyvitamin D, and vitamin D–binding protein with BMI z scores
and HOMA and to correlate vitamin D–binding protein with
adiponectin and IL-6. Data are expressed as means and SDs. We
considered statistically significant a P � .05. Statgraphics Cen-

turion XVII software for Windows (Adalta) was used for all the
statistical analyses.

Results

The clinical and biochemical characteristics of the 84 chil-
dren involved in the study are shown in Table 1. Sixty-
three children have a BMI greater than the 95th percentile
and are, therefore, obese. Twenty-seven children have the
criteria for metabolic syndrome diagnosis.

Concentrations of bioavailable 25-hydroxyvitamin D
were calculated in 33 children homozygotes for the two
single-nucleotide polymorphisms in the coding region of
the vitamin D–binding protein (rs4588 and rs7041) (Ta-
ble 1) and for whom we were therefore able to use a single
genotype–specific binding affinity constant on the basis of
the presence of a single vitamin D–binding protein vari-
ant. This method has been validated in a previous paper
(15), in which calculated bioavalable 25-hydroxyvitamin
D concentrations seemed correlated with direct measure-
ment of bioavailable 25-hydroxyvitamin D.

Obese children showed total 25-hydroxyvitamin D lev-
els lower compared with nonobese children (21.3 � 6.7
ng/mL vs 29.6 � 11.7 ng/mL; P � .0004) (Figure 1). No
differences concerning serum PTH levels were found be-
tween the two groups of children (14.5 � 6.7 pg/mL vs
14.7 � 6.3 pg/mL; P � .05). An inverse correlation be-
tween BMI z score and total 25-hydroxyvitamin D has
been found in the whole population investigated (Figure
2A). The correlation remained significant including sex,

Table 1. Clinical, Biochemical, and Genetic Characteristics of the 84 Children Involved in the Study

Characteristics Statistics

Age, y 10.5 � 2.7 (4.5–15.8)
Male/Female 46/38
Pre-pubertal 43 (51%)
BMI 28.7 � 7.4 (15–48.4)
BMI, z score 2.3 � 1.5 (�1.5/�4.1)
WHtR 0.57 � 0.07
Metabolic syndrome 27 (32%)
Adiponectin, micrg/mL 17.3 � 5.3
PTH, pg/mL 14.6 � 6.6
IL-6, pg/mL 9 � 6.4
HOMA-IR 2.6 � 1.7 (0.4–8.4)
Total 25(OH)D, ng/mL 22.36 � 8.7 (7.6–55.3)
DBP, �g/mL 341.9 � 148.3 (101.1–751.1)
Bioavailable 25(OHD, ng/mLa 2.7 � 1.5 (0.5–6.2)
Patients homozygotes for different DBP genotypes Gc1S/Gc1S 24 (28.5%)

Gc2/Gc2 9 (10.7%)

Abbreviations: Gc1S, rs 7041-G and rs 4588-C; Gc2, rs 7041-T and rs 4588-A.

Values are expressed as mean � SDs unless otherwise specified.

Ranges or percentages are in brackets.
a Bioavailable 25(OH)D has been evaluated in 33 children.
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pubertal stage, and age as covariates (r2 � 0.17; P � .01).
A similar correlation was found between total 25-hy-
droxyvitamin D levels and abdominal fat expressed by
WHtR (r � �0.26; P � .02). Bioavailable 25-hydroxyvi-
tamin D levels, on the contrary, were not different among
obese and not obese children (3.1 � 1.6 ng/mL vs 2.6 � 1.2
ng/mL; P � .05) (Figure 1) and no correlation was shown
between BMI z score and bioavailable 25-hydroxyvitamin
D (Figure 2B). Levels of both total 25-hydroxyvitamin D

and bioavailable 25-hydroxyvitamin D were not different
in the children with metabolic syndrome compared with
the children without metabolic syndrome (Figure 3A). An-
alyzing the concentrations of total 25-hydroxyvitamin D
in the group of children with HOMA less than 3 compared
with the children with higher insulin resistance (HOMA �

3) we did not find significant differences (22.2 � 8 ng/mL
vs 20.5 � 6.4 ng/mL; P � .05), whereas insulin-resistant
children showed higher bioavailable levels of 25-hy-
droxyvitamin D compared with noninsulin-resistant chil-
dren (3.4 � 1.4 ng/mL vs 2.0 � 0.9 ng/mL; p: 0.013)
(Figure 3B). Furthermore, we found a direct correlation
between HOMA and bioavailable 25-hydroxyvitamin D
(Figure 4A) and, interestingly, in the same 33 patients, an
inverse correlation between insulin resistance and vitamin
D–binding protein concentrations (Figure 4B). Both cor-
relations remained significant including sex, pubertal
stage, and age as covariates ( r2 � 0.29; P � .02; and r2 �

0.31; P � .04, respectively). A direct correlation was pres-
ent between vitamin D–binding protein and adiponectin
(r � 0.39; P � .02), whereas no correlation has been found
between vitamin D–binding protein and IL-6 (r � �0.1;
P � .05).

Figure 2. Simple regression correlating, in a group of 84 children, (A)
BMI z score with total 25-hydroxyvitamin D (r � �0.35; P � .0014)
and, in a subgroup of 33 children, (B) BMI z score with bioavailable
25-hydroxyvitamin D (r � 0.01; P � .05).

Figure 3. Levels of total and bioavailable 25-hydroxyvitamin D by
metabolic syndrome (A). No statistically significant difference are
present. Levels of total and bioavailable 25-hydroxyvitamin D by insulin
resistance (B). Children with HOMA � 3 have higher levels of
bioavailable 25-hydroxyvitamin D, but total 25-hydroxyvitamin D does
not differ (P � .05).

Figure 1. Levels of total and bioavailable 25-hydroxyvitamin D by
obesity. Children who were obese (BMI � 95th percentile) had lower
levels of total 25-hydroxyvitamin D compared with nonobese chidren,
but bioavailable 25-hydroxyvitamin D does not differ among the two
groups.
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Discussion

Differing from total 25-hydroxyvitamin D, which also in
our study is low in obese children, we showed that the
levels of bioavailable 25-hydroxyvitamin D in obese chil-
dren seem to be similar to those in nonobese children.

However, in a study recently performed in humans with
a range of clinical conditions (24), calculated that bio-
available 25-hydroxyvitamin D levels varied considerably
from direct measurements of free 25-hydroxyvitamin D,
these differences were attributed to the lack in the calcu-
lation of vitamin D–binding affinity, which, likely con-
tributed to estimation errors. In our study, to obtain a
reliable assessment of the portion of bioavailable 25-hy-
droxyvitamin D we also calculated the vitamin D–binding
affinity for each child.

According to the free-hormone hypothesis (16, 17),
only hormones liberated from binding proteins are able to
enter cells to perform biological actions and, consistently
with this hypothesis, some recent studies (13–15) have
suggested that many of the biologic actions of vitamin D
in humans are inhibited by the binding with the vitamin
D–binding protein. This suggests that low total 25-hy-
droxyvitamin D levels do not uniformly suggest vitamin D
deficiency. Like thyroid hormone-binding globulin and
SHBG (25), vitamin D–binding protein may act as a serum
carrier and reservoir, prolonging the circulating half-life

of 25-hydroxyvitamin D while at the same time regulating
its immediate bioavailability to target tissues (11). Thus,
hormonal activity and sufficiency may be reflected by the
amounts of bioavailable vitamin, not by total serum levels.

The finding of comparable levels of PTH despite dif-
ferent levels of total 25-hydroxyvitamin D in the two
groups of obese and nonobese children may strengthen
this concept.

The reduction in total 25-hydroxyvitamin D we have
observed in obese children is counterbalanced by a parallel
reduction of vitamin D–binding protein, driven by insulin
resistance, which is usually increased in obese subjects.
This leads to concentrations of bioavailable 25-hy-
droxyvitamin D in insulin-resistant children higher than
those found in children with low levels of insulin
resistance.

Therefore, low levels of vitamin D–binding protein in
obese insulin resistant children may give protection
against the manifestation of vitamin D deficiency despite
low levels of total 25-hydroxyvitamin D.

In accord to our data, a recent report has shown that
vitamin D–binding protein was lower in obese adolescents
compared with those of normal weight and there was an
inverse relationship between insulin levels and vitamin
D–binding protein, even when corrected for adiposity
(26). It was, therefore, suggested that insulin might sup-
press the production of vitamin D–binding protein (26).

Most studies found that low total 25-hydroxyvitamin
D levels in obese subjects were associated with cardio-
metabolic risk factors, elevated insulin resistance, and the
presence of metabolic syndrome (27–29), but several did
not find such associations (30, 31). Many of these studies
are observational and only document an association with-
out causality, despite attempt to control for known con-
founders (5). Also, the results of the few studies reporting
the effectiveness in improving metabolic parameters and
insulin resistance of vitamin D supplementation in obese
children and adolescents are contrasting (32–35). The no-
tion of bioavailable 25-hydroxyvitamin D may help to
look at these contrasting reports using a different
perspective.

To better understand the crucial role of insulin resis-
tance in modulating vitamin D–binding protein concen-
tration and, therefore, vitamin D bioavailability, we have
evaluated the association of IL-6, a biochemical marker of
adipose tissue inflammation, with the vitamin D–binding
protein levels. No association was found. A direct corre-
lation, on the contrary, was found between vitamin
D–binding protein and adiponectin. The combined eval-
uation of these data suggests that the more that inflam-
mation may be hyperinsulinemia itself to affect vitamin
D–binding protein concentrations. Additional studies

Figure 4. Simple regression showing, in a subgroup of 33 children,
(A) a direct correlation between insulin resistance (HOMA) and
bioavailable 25-hydroxyvitamin D (r � 0.49; P � .006) and (B) an
inverse correlation between HOMA and vitamin D-binding protein (r �
�0.40; P � .024).
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with different approaches will be useful for understanding
the intriguing relationship between insulin resistance and
vitamin D–binding protein.

Limitations
First, sample size, particularly considering that bioavail-
able 25-hydroxyvitamin D has been evaluated in 33 of 84
children, is limited and may adversely affect the power of
our analysis. Therefore, the lack of finding a significant
association between bioavailable 25-hydroxyvitamin D
and obesity as well as between total 25-hydroxyvitamin D
and metabolic syndrome might be due to the relatively
small sample size. We must consider, however, that the
sample size has been enough to put in evidence the asso-
ciation between total 25-hydroxyvitamin D and obesity.

Second, a longitudinal study design would have al-
lowed for a better evaluation of the link between 25-hy-
droxyvitamin D bioavailable and insulin resistance.

Conclusion

In conclusion, our data 1) show that obese children, al-
though having low concentrations of total 25-hydroxyvi-
tamin D, present levels of bioavailable 25-hydroxyvitamin
D similar to those of normal-weight children; 2) demon-
strate that this finding is due to a reduced concentration of
vitamin D–binding protein found in obese children; and 3)
suggest that the increased insulin resistance usually pres-
ent in obesity may be associated to this reduction. As a
result, these data may provide a different point of view for
understanding the vitamin D status in childhood obesity.
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