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Objectives. We aimed to determine the relationship between insulin resistance and serum 25-hydroxyvitamin D (25-OHD) levels
in obese children and their nonobese peers. Materials and Methods. Included in the study group were 188 obese children (aged 9–15
years), and 68 age- and gender-matched healthy children of normal weight as control group. Anthropomorphic data were collected
on patients and fasting serum glucose, insulin, serum lipids, alanine aminotransaminase (ALT) and 25-OHD were measured. The
homeostatic model assessment of insulin resistance (HOMA-IR) was calculated in both groups. Results. The levels of 25-OHD in
the obese group were significantly lower than those of the nonobese (𝑃 = 0.002). HOMA-IR, triglycerides, low-density lipoprotein,
and ALT levels in the obese group were significantly higher than values of control group (𝑃 < 0.001 and 𝑃 = 0.002, resp.). In the
obese group, vitamin D deficiency, insufficiency, and sufficiency (25-OHD < 10 ng/dl, < 20, >10 ng/dl; > 20 ng/dl, resp.) were not
correlated with HOMA-IR (𝑟 : −0.008, 𝑃 = 0.935). HOMA-IR was negatively correlated with BMI, BMI SDS, and BMI%, and
triglycerides, low-density lipoprotein, and ALT levels (𝑃 < 0.001). Conclusion. The insulin resistance of the obese subjects who
were vitamin D deficient and insufficient did not statistically differ from those with vitamin D sufficiency. Low 25-hydroxyvitamin
D levels were not related with higher insulin resistance in obese children and adolescents. In obese subjects, insulin resistance was
affected more from BMI, BMI SDS, and BMI% than from 25-hydroxyvitamin D levels.

1. Introduction
Vitamin D deficiency, a pandemic health problem, is a major
cause of rickets in infants and toddlers and of osteopenia in adolescents [1–6]. The production of vitamin D
in the skin depends on sunshine exposure, latitude, skincovering clothes, the use of sun block, and skin pigmentation.
Although the Mediterranean region generally has a sunny
climate, higher rates of hypovitaminosis D are seen in
European and Mediterranean countries [7–10]. Vitamin D
deficiency is especially common in the Middle East because of
the prevalence of wearing skin-covering clothes and because
of staying out of the sun [11].
Besides acting as a regulatory hormone in calcium
metabolism, noncalciotropic effects of vitamin D such as
cellular differentiation and replication in many organs have
been found. Vitamin D is also critical in glucose homeostasis

and insulin secretion via its endocrine mechanisms [12–14],
besides its autocrine and paracrine role in adipocytes [15, 16].
Insulin resistance plays a major role in obesity, and as a
population gets heavier at younger ages, the age of onset of
non-insulin-dependent diabetes mellitus also decreases [17].
Regrettably, obesity and adiposity is an emerging trend in
the industrialized world it is a result of alimited exercise, a
sedentary lifestyle, and replete diets with high-calorie, lownutrient foods.
The literature provides conflicting data as to whether
vitamin D deficiency and insufficiency is a risk factor for
the development of impaired glucose tolerance in childhood
obesity [18]. Low 25-hydroxyvitamin D level is found to be
associated with insulin resistance in adults [19], but no relationship was found with parameters of glucose homeostasis
and insulin sensitivity in healthy youth [20]. This study was
conducted to study the relationship of vitamin D deficiency
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and insufficiency with insulin resistance in obese children
and adolescents and the prevalence of vitamin D deficiency
among children living in the metropolitan area of Istanbul,
Turkey.

2. Materials and Methods
Enrolled in the study were 118 obese children (50% males,
50% females; mean age 12 ± 2.2 years) and a control group of
68 healthy nonobese children (48.5% males, 51.5% females;
mean age 12.6 ± 1.7 years). They had been admitted to the
Bezmialem Vakif University General Pediatrics Clinic in the
Marmara region between January 2011 and January 2012.
Each participant underwent a detailed physical examination (including evaluation for syndromes and endocrine
diseases), as well as a laboratory evaluation. Standing height
was measured to the nearest 0.1 cm with a Harpenden fixed
stadiometer. Body weight (kg) was measured on a SECA
balance scale to the nearest 0.1 kg, with each subject dressed
in a light T-shirt and shorts. Body mass index (BMI) was
calculated by dividing weight by height (kg/m2 ). Obesity
was defined as the BMI > 97th percentile, the definition of
the International Task Force of Obesity in Childhood and
Population-Specific Data [21, 22]. Waist circumference was
measured between the xiphoid process and iliac crest. Children whose obesity was the result of a syndromal problem
(Prader Willi, Laurence-Moon Biedl syndrome, etc.) were
excluded, as were those whose obesity had an endocrinal
cause such as Cushing’s Syndrome or hypothyroidism. None
of the participants was using meneedication or had a history
or evidence of current metabolic, cardiovascular, respiratory,
or hepatic disease. Patients taking vitamin and/or mineral
supplements were excluded.
All blood analyses were performed on fasting samples
in both the study and control groups. Cholesterol, highdensity lipoprotein (HDL), low-density lipoprotein (LDL),
and triglycerides were measured by the homogeneus colorimetric enzyme technique (Roche, Cobas 8000). Serum
25-OHD levels were determined by the electrochemiluminescence enzyme immunoassay method (ECLIA) (ADVIA
Centaur, USADPC Co., USA). Glucose was measured by
the glucose oxidase technique (Siemens ADVIA 1800) and
insulin levels were analyzed with direct chemiluminescence
technique (Siemens centaur, USA). Insulin resistance was
estimated from fasting plasma measurements using HOMAIR (insulin (mU/L) × glucose (mmol/L)/22.5) [23]. Insulin
resistance criteria were HOMA-IR >2.5 for prepubertal
children and HOMA-IR >4.0 for adolescents [24]. Vitamin
D status was classified as either deficient, insufficient, or
sufficient (serum 25-OHD: <10 ng/mL, 10–20 ng/mL, and
>20 ng/mL, resp.) [25].
Statistical analysis was performed with PASW Statistics,
v.13.0. A paired 𝑡-test was used to calculate the difference
of two parameters in groups; one-way ANOVA was used
in the calculation of difference of two parameters in groups
with more than two in the same group and between different
groups. Multiple comparisons were done with the Pearson
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Table 1: Mean anthropometric data of the study and control groups.

Male/female
Age (years ± SD)
Waist circumference (cm)
BMI (kg/m2 )
BMI SDS
BMI%

Obese
(𝑛 = 118)

Nonobese
(𝑛 = 68)

𝑃

59/59
12 ± 2.2
87.1 ± 10.6
29.6 ± 3.9
2.1 ± 0.2
97.8 ± 1.1

33/35
12.6 ± 1.7
68.2 ± 14.7
20.1 ± 3
0.15 ± 1
54 ± 29.3

0.839
0.79
0.027
<0.001
<0.001
<0.001

SD: standard deviation, BMI: body mass index, BMI SDS: body mass index
standard deviation score, BMI%: body mass index percentage.

Table 2: Metabolic markers of the study and control groups.

Glucose (mg/dL)
Insulin (𝜇U/mL)
HOMA-IR
25-OHD (ng/dL)
ALT (U/L)
Triglyceride (mg/dL)
LDL cholesterol (mg/dL)
HDL cholesterol (mg/dL)
Total cholesterol (mg/dL)

Obese group
(𝑛 = 118)

Nonobese
group (𝑛 = 68)

𝑃

91.2 ± 10.5
17.4 ± 10.2
3.9 ± 2.5
14.4 ± 8.1
25.8 ± 15.8
112.7 ± 52.4
103.2 ± 26.4
49.4 ± 14
168.1 ± 30.7

89.1 ± 10.4
14.1 ± 8.3
3.1 ± 2.2
18.6 ± 9.5
17.2 ± 13.2
86.1 ± 40.7
90.6 ± 22.9
54.7 ± 14.5
160 ± 25.2

0.18
0.024
<0.001
0.002
0.002
0.002
0.010
0.034
0.095

HOMA-IR: homeostatic model assessment of insulin resistance, 25-OHD: 25
hydroxyvitamin D.

correlation. Categorical data were evaluated using the Chisquare test; 𝑃 < 0.05 was accepted as statistically significant.
The study was approved by the local ethical committee.
Written informed consent was obtained from parents.

3. Results
Age and gender distribution were not statistically different
between the two groups (𝑃 = 0.79 and 0.839, resp.).
Subjects of the obese group had significantly higher waist
circumference SDS (0.027), BMI (𝑃 < 0.001), BMI SDS (𝑃 >
0.001), and BMI percentage (𝑃 > 0.001) compared with the
control group (Table 1).
Table 2 presents the biochemical characteristics of all
subjects. Compared with the nonobese subjects, obese subjects had higher fasting insulin, HOMA-IR, serum ALT,
triglyceride, and total and LDL-cholesterol levels. The 25OHD levels of obese children were significantly lower than
those of the non-obese (𝑃 = 0.002). HDL-cholesterol levels
of the obese subjects were significantly lower than the nonobese ones.
The obese group was classified according to 25-OHD
levels as vitamin D deficient (≤10 ng/mL), insufficient (10–
20 ng/mL), and sufficient (25-OHD > 20 ng/dL) [26]. The
groups were similar in age and gender ratio. The correlation
of vitamin D levels with insulin resistance in the obese group
was evaluated with HOMA-IR. The HOMA-IR levels of the
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Table 3: The correlation of HOMA-IR and vitamin D levels in obese group∗ .
<10 (𝑛 = 39)
19/20
29.3 ± 3.4
2 ± 0.2
3.9 ± 2.4

25-OHD level (ng/dL)
Male/female
BMI
BMI SDS
HOMA-IR (mean ± SD)
∗

10–20 (𝑛 = 43)
22/21
29.3 ± 3.9
2 ± 0.2
3.5 ± 2

>20 (𝑛 = 31)
16/15
28.4 ± 4.2
2 ± 0.2
3.8 ± 2.7

𝑃
>0.05
>0.05
>0.05
0.72

One-way ANOVA test was used for correlation analysis.

Table 4: Bivariate correlations between covariates among HOMA-IR in the obese group.

∗∗
∗

𝑟
𝑃

Age
(𝑛 = 118)

25-OHD
(𝑛 = 112)

BMI
(𝑛 = 115)

−0.041
0.664

−0.008
0.935

0.412
<0.001

HOMA-IR
BMI SDS
(𝑛 = 115)
0.339
<0.001

BMI%
(𝑛 = 115)

Triglycerides
(𝑛 = 115)

LDL
(𝑛 = 114)

HDL
(𝑛 = 114)

0.322
<0.001

0.365
<0.001

0.829
<0.001

0.142
0.130

∗∗

Correlation is significant at the 0.01 level (2 tailed).
Correlation is significant at the 0.05 level (2 tailed).
SDS: standard deviation score, BMI: body mass index, HOMA-IR: homeostatic model assessment of insulin resistance, 25-OHD: 25-hydroxyvitamin D level,
LDL: low-density lipoprotein, and HDL: high-density lipoprotein.
∗

obese subjects who were vitamin D deficient and insufficient did not statistically differ from those with vitamin-Dsufficient ones (𝑃 = 0.72) (Table 3).
Table 4 presents the correlations among HOMA-IR with
other biochemical parameters in the obese group. HOMAIR was not correlated significantly with age and serum 25OHD levels but significantly correlated with triglyceride and
LDL levels. HOMA-IR correlated significantly with BMI (𝑃 <
0.001), BMI SDS (𝑃 < 0.01), and BMI percentage (𝑃 < 0.001).

4. Discussion
Vitamin D deficiency and insufficiency are epidemic but
commonly undiagnosed among obese children. Obese children in turn have higher risk of hypovitaminosis D. Turkey’s
vitamin D prophylaxis augmentation program (started in
2005) has resulted in a marked decrease in vitamin D
deficiency in healthy children under 1 year of age [26];
yet despite these improvements, most Turkish adolescents
are still vitamin D deficient. In our study, 25-OHD levels
were significantly lower in the obese group compared with
healthy subjects. This finding revealed that obesity could be
a risk factor of hypovitaminosis D in Turkish children and
adolescents. Recent studies from different countries have also
demonstrated that vitamin D deficiency is common in obese
children [27], possibly due to the low quality of diet [28]. Here
in Turkey, rates of hypovitaminosis D in healthy adolescents
were 59.4% and 65% in two different studies [26, 29].
Vitamin D plays an important role in glucose homeostasis
in the mechanism of insulin release. Most of the studies
suggested vitamin D deficiency as a risk factor of disturbed
glucose homeostasis in adults [30–33], but this hypothesis is
still controversial in relation to children. It remains unclear
if vitamin D deficiency and insufficiency are associated with
insulin resistance in obese children and adolescents.

Insulin resistance was estimated from fasting plasma
measurements using HOMA-IR. In our study, insulin resistance values were higher in obese subjects compared with
the healthy, vitamin-D-sufficient, age- and gender-matched
children and adolescents. In order to determine the role of 25hydroxyvitamin D levels in glucose intolerance and insulin
resistance in obese children, we compare the HOMA-IR levels
of vitamin-D-sufficient obese children and adolescents with
the vitamin-D-deficient and -insufficient obese ones. There
were no significant differences in HOMA-IR levels in obese
children and adolescents due to 25-hydroxyvitamin D levels.
In correlation analyses, we found that HOMA-IR depended
on the degree of obesity and correlated with serum lipid
profile. There was a significant trend towards higher insulin
concentrations and insulin resistance in subjects with higher
body mass index independent from 25-hydroxyvitamin D
levels.
Recent studies researching the relationship between vitamin D deficiency and insulin resistance in obese children
revealed controversial results. In two studies, no relationship was found between low vitamin D status and insulin
resistance [34, 35]. On the other hand, the literature mostly
supported the hypothesis that low vitamin D status is associated with worse glucose tolerance. Kelly et al. [36] showed
that vitamin D deficiency is associated with increased insulin
resistance in children. Alemzadeh et al. [37] observed a positive relationship between vitamin D status and insulin sensitivity in children. The study by Reis et al. [16] showed that
low serum vitamin D in adolescents was strongly associated
with increased risk for fasting hyperglycemia, hypertension,
and metobolic syndrome. In the study conducted by GarantyBogacka et al., fasting insulin levels and HOMA-IR were
found correlated with low vitamin D levels [38].
A limitation of this study is that vitamin D deficiency
and insufficiency was defined only by 25-OHD levels. It
is 1,25-dihydroxyvitamin D which is active on the vitamin
D receptor in the insulin producing cells. It was also, not
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possible to evaluate other parameters modifying bone health
such as subjects’ dietary calcium intake or the responsiveness
of the vitamin D receptor. In addition, with the lack of
consensus regarding the definition of optimal vitamin D
status in children, it is not possible to determine the level
of vitamin D which disturbs glucose homeostasis and causes
metabolic effects.
In conclusion, in our study, insulin resistance correlated
mostly with BMI but not with 25-hydroxyvitamin D levels
in the obese children and adolescents. We found significant
association between the degree of obesity and some biochemical parameters with insulin resistance, but different levels of
25 hydroxyvitamin D status among obese children were not
an independent predictor of insulin resistance.

Conflict of Interests
The authors declare that they have no conflict of interests.

References
[1] M. F. Holick and T. C. Chen, “Vitamin D deficiency: a worldwide problem with health consequences,” American Journal of
Clinical Nutrition, vol. 87, no. 4, pp. 1080–1086, 2008.
[2] M. F. Holick, “Resurrection of vitamin D deficiency and rickets,”
Journal of Clinical Investigation, vol. 116, no. 8, pp. 2062–2072,
2006.
[3] A. F. Hess, Collected Writings, vol. 1, Charles C Thomas,
Springfield, III, USA, 1936.
[4] A. F. Hess and L. J. Unger, “The cure of infantile rickets by
sunlight,” The Journal of the American Medical Association, vol.
77, article 39, 1921.
[5] M. F. Holick, “Medical progress: vitamin D deficiency,” The New
England Journal of Medicine, vol. 357, no. 3, pp. 266–281, 2007.
[6] M. C. Chapuy, A. M. Schott, P. Garnero, D. Hans, P. D. Delmas,
and P. J. Meunier, “Healthy elderly French women living at home
have secondary hyperparathyroidism and high bone turnover
in winter,” Journal of Clinical Endocrinology and Metabolism,
vol. 81, no. 3, pp. 1129–1133, 1996.
[7] D. Lapatsanis, A. Moulas, V. Cholevas, P. Soukakos, Z. L.
Papadopoulou, and A. Challa, “Vitamin D: a necessity for children and adolescents in Greece,” Calcified Tissue International,
vol. 77, no. 6, pp. 348–355, 2005.
[8] J. Guillemant, P. Taupin, H. T. Le et al., “Vitamin D status during
puberty in French healthy male adolescents,” Osteoporosis
International, vol. 10, no. 3, pp. 222–225, 1999.
[9] M. Moussavi, R. Heidarpour, A. Aminorroaya, Z. Pournaghshband, and M. Amini, “Prevalence of vitamin D deficiency in
Isfahani high school students in 2004,” Hormone Research, vol.
64, no. 3, pp. 144–148, 2005.
[10] D. Olmez, E. Bober, A. Buyukgebiz, and D. Cimrin, “The
frequency of vitamin D insufficiency in healthy female adolescents,” Acta Paediatrica, International Journal of Paediatrics, vol.
95, no. 10, pp. 1266–1269, 2006.
[11] S. Hatun, O. Islam, F. Cizmecioglu et al., “Subclinical vitamin D
deficiency is increased in adolescent girls who wear concealing
clothing,” Journal of Nutrition, vol. 135, no. 2, pp. 218–222, 2005.
[12] S. Kadowaki and A. W. Norman, “Time course study of
insulin secretion after 1,25-dihydroxyvitamin D3 administration,” Endocrinology, vol. 117, no. 5, pp. 1765–1771, 1985.

International Journal of Endocrinology
[13] S. Lee, S. A. Clark, R. K. Gill, and S. Christakos, “1,25Dihydroxyvitamin D3 and pancreatic 𝛽-cell function: vitamin D receptors, gene expression, and insulin secretion,”
Endocrinology, vol. 134, no. 4, pp. 1602–1610, 1994.
[14] R. Scragg, I. Holdaway, V. Singh, P. Metcalf, J. Baker, and
E. Dryson, “Serum 25-hydroxyvitamin D3 levels decreased in
impaired glucose tolerance and diabetes mellitus,” Diabetes
Research and Clinical Practice, vol. 121, no. 1-2, pp. 297–300,
2010.
[15] M. F. Holick, “Sunlight and vitamin D for bone health and prevention of autoimmune diseases, cancers, and cardiovascular
disease,” The American Journal of Clinical Nutrition, vol. 80, no.
6, pp. 1678–1688, 2004.
[16] A. F. Reis, O. M. Hauache, and G. Velho, “Vitamin D endocrine
system and the genetic susceptibility to diabetes, obesity
and vascular disease: a review of evidence,” Diabetes and
Metabolism, vol. 31, no. 4, pp. 318–325, 2005.
[17] M. I. Goran, G. D. C. Ball, and M. L. Cruz, “Cardiovascular
endocrinology 2: obesity and risk of type 2 diabetes and
cardiovascular disease in children and adolescents,” Journal of
Clinical Endocrinology and Metabolism, vol. 88, no. 4, pp. 1417–
1427, 2003.
[18] M. Smotkin-Tangorra, R. Purushothaman, A. Gupta, G. Nejati,
H. Anhalt, and S. Ten, “Prevalence of vitamin D insufficiency in
obese children and adolescents,” Journal of Pediatric Endocrinology and Metabolism, vol. 20, no. 7, pp. 817–823, 2007.
[19] N. G. Forouhi, J. Luan, A. Cooper, B. J. Boucher, and N. J.
Wareham, “Baseline serum 25-hydroxy vitamin d is predictive
of future glycemic status and insulin resistance the medical
research council ely prospective study 1990–2000,” Diabetes,
vol. 57, no. 10, pp. 2619–2625, 2008.
[20] K. Rajakumar, J. de las Heras, S. Lee, M. F. Holick, and S.
A. Arslanian, “25- Hydroxyvitamin D concentrations and in
vivo insulin sensitivity and 𝛽- cell function relative to insulin
sensitivity in black and white youth,” Diabetes Care, vol. 35, no.
3, pp. 627–633, 2012.
[21] R. Bundak, A. Furman, H. Gunoz, F. Darendeliler, F. Bas, and O.
Neyzi, “Body mass index references for Turkish children,” Acta
Paediatrica, vol. 95, no. 2, pp. 194–198, 2006.
[22] T. J. Cole, M. C. Bellizzi, K. M. Flegal, and W. H. Dietz, “Establishing a standard definition for child overweight and obesity
worldwide: international survey,” British Medical Journal, vol.
320, no. 7244, pp. 1240–1243, 2000.
[23] D. R. Matthews, J. P. Hosker, and A. S. Rudenski, “Homeostasis
model assessment: insulin resistance and 𝛽-cell function from
fasting plasma glucose and insulin concentrations in man,”
Diabetologia, vol. 28, no. 7, pp. 412–419, 1985.
[24] G. Valerio, M. R. Licenziati, A. Iannuzzi et al., “Insulin resistance and impaired glucose tolerance in obese children and
adolescents from Southern Italy,” Nutrition, Metabolism and
Cardiovascular Diseases, vol. 16, no. 4, pp. 279–284, 2006.
[25] S. F. Ahmed, C. Franey, H. McDewitt et al., “Recent trends and
clinical features of childhood vitamin D deficiency presenting
to a children’s hospital in Glasgow,” Archives of Disease in
Childhood, vol. 96, no. 7, pp. 694–625, 2011.
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and S. Hatun, “Hypovitaminosis D in obese and overweight schoolchildren,” Journal of Clinical Research in Pediatric
Endocrinology, vol. 1, no. 2, pp. 89–96, 2008.
[27] M. L. Olson, N. M. Maalouf, J. D. Oden, P. C. White, and M.
R. Hutchison, “Vitamin D deficiency in obese children and

International Journal of Endocrinology

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

its relationship to glucose homeostasis,” The Journal of Clinical
Endocrinology & Metabolism, vol. 97, no. 1, pp. 279–285, 2012.
M. A. Beydoun, A. Boueiz, M. R. Shroff, H. A. Beydoun,
Y. Wang, and A. B. Zonderman, “Associations among 25hydroxyvitamin D, diet quality, and metabolic disturbance
differ by adiposity in adults in the United States,” Journal of
Clinical Endocrinology and Metabolism, vol. 95, no. 8, pp. 3814–
3827, 2010.
S. Hatun, B. Ozkan, and A. Bereket, “Vitamin D deficiency and
prevention: Turkish experience,” Acta Paediatrica, vol. 100, no.
9, pp. 1195–1199, 2011.
P. M. Bourlon, A. Faure-Dussert, and B. Billaudel, “The de novo
synthesis of numerous proteins is decreased during vitamin D3
deficiency and is gradually restored by 1,25-dihydroxyvitamin
D3 repletion in the islets of Langerhans of rats,” Journal of
Endocrinology, vol. 162, no. 1, pp. 101–109, 1999.
B. Billaudel, L. Barakat, and A. Faure-Dussert, “Vitamin D3 deficiency and alterations of glucose metabolism in rat endocrine
pancreas,” Diabetes and Metabolism, vol. 24, no. 4, pp. 344–350,
1998.
M. Kajikawa, H. Ishida, S. Fujimoto et al., “An insulinotropic
effect of vitamin D analog with increasing intracellular Ca2+
concentration in pancreatic 𝛽-cells through nongenomic signal
transduction,” Endocrinology, vol. 140, no. 10, pp. 4706–4712,
1999.
P. M. Bourlon, B. Billaudel, and A. Faure-Dussert, “Influence of
vitamin D3 deficiency and 1,25 dihydroxyvitamin D3 on de novo
insulin biosynthesis in the islets of the rat endocrine pancreas,”
Journal of Endocrinology, vol. 160, no. 1, pp. 87–95, 1999.
K. Rajakumar, J. D. Fernstrom, M. F. Holick, J. E. Janosky, and S.
L. Greenspan, “Vitamin D status and response to vitamin D3 in
obese vs. Non-obese African American children,” Obesity, vol.
16, no. 1, pp. 90–95, 2008.
T. Reinehr, G. de Sousa, U. Alexy, M. Kersting, and W. Andler,
“Vitamin D status and parathyroid hormone in obese children
before and after weight loss,” European Journal of Endocrinology,
vol. 157, no. 2, pp. 225–232, 2007.
A. Kelly, L. J. Brooks, S. Dougherty, D. C. Carlow, and B.
S. Zemel, “A cross-sectional study of vitamin D and insulin
resistance in children,” Archives of Disease in Childhood, vol. 96,
no. 5, pp. 447–452, 2011.
R. Alemzadeh, J. Kichler, G. Babar, and M. Calhoun, “Hypovitaminosis D in obese children and adolescents: relationship with
adiposity, insulin sensitivity, ethnicity, and season,” Metabolism,
vol. 57, no. 2, pp. 183–191, 2008.
B. Garanty-Bogacka, M. Syrenicz, J. Goral et al., “Serum
25-hydroxyvitamin D, (25-OH-D) in obese adolescents,”
Endokrynologia Polska, vol. 62, no. 6, pp. 506–511, 2011.

5

MEDIATORS
of

INFLAMMATION

The Scientific
World Journal
Hindawi Publishing Corporation
http://www.hindawi.com

Volume 2014

Gastroenterology
Research and Practice
Hindawi Publishing Corporation
http://www.hindawi.com

Volume 2014

Journal of

Hindawi Publishing Corporation
http://www.hindawi.com

Diabetes Research
Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com

Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com

Volume 2014

International Journal of

Journal of

Endocrinology

Immunology Research
Hindawi Publishing Corporation
http://www.hindawi.com

Disease Markers

Hindawi Publishing Corporation
http://www.hindawi.com

Volume 2014

Volume 2014

Submit your manuscripts at
http://www.hindawi.com
BioMed
Research International

PPAR Research
Hindawi Publishing Corporation
http://www.hindawi.com

Hindawi Publishing Corporation
http://www.hindawi.com

Volume 2014

Volume 2014

Journal of

Obesity

Journal of

Ophthalmology
Hindawi Publishing Corporation
http://www.hindawi.com

Volume 2014

Evidence-Based
Complementary and
Alternative Medicine

Stem Cells
International
Hindawi Publishing Corporation
http://www.hindawi.com

Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com

Volume 2014

Journal of

Oncology
Hindawi Publishing Corporation
http://www.hindawi.com

Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com

Volume 2014

Parkinson’s
Disease

Computational and
Mathematical Methods
in Medicine
Hindawi Publishing Corporation
http://www.hindawi.com

Volume 2014

AIDS

Behavioural
Neurology
Hindawi Publishing Corporation
http://www.hindawi.com

Research and Treatment
Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com

Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com

Volume 2014

Oxidative Medicine and
Cellular Longevity
Hindawi Publishing Corporation
http://www.hindawi.com

Volume 2014

