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Obesity-related diseases are becoming the most important causes of mortality worldwide. Several studies have suggested an
association between low levels of vitamin D and obesity. In addition, plasma adiponectin levels have been found to be lower in
obese subjects. We evaluated the association of metabolic risk factors with both adiponectin and vitamin D levels and that between
adiponectin and vitamin D levels. The study consisted of 114 obese and healthy subjects. 25-Hydroxy vitamin D [25(OH)D] levels
were positively correlated with adiponectin and HDL-cholesterol (HDL-C) and inversely correlated with body mass index (BMI),
LDL-cholesterol (LDL-C), total cholesterol (T-C), triglyceride (TG), fasting glucose, homeostasis model assessment of insulin
resistance (HOMA index), systolic blood pressure (SBP), and diastolic blood pressure (DBP). The mean 25(OH)D levels in the
obese and nonobese groups were 22.5 ± 5.7 and 32.3 ± 5.8 ng/mL, respectively (𝑃 < 0.0001). The mean adiponectin level in the
obese group was lower than that in the nonobese group (𝑃 < 0.0001). Lower vitamin D and adiponectin levels were strongly
associated with metabolic risk factors and obesity in Turkish children and adolescents.

1. Introduction

Obesity is a growing health concern worldwide and is a
major cause of morbidity and mortality. Recent studies
have suggested that vitamin D deficiency is associated with
cardiometabolic risk factors, including obesity, autoimmune
diseases, cancer, and insulin resistance [1, 2]. Furthermore,
low 25(OH)D levels have been shown to be associated with
higher rates of myocardial infarction and diabetes [3–5], and
the incidence of hypertension has been found to increase in
association with low vitamin D levels [6].

On the basis of current evidence of an inverse association
between vitamin D levels and obesity, we performed the
first investigation to elucidate the association of obesity with
25(OH)D and adiponectin levels in the Turkish children.

The adiponectin protein is exclusively secreted by adipose
tissue into the bloodstream [7] and is abundant in plasma
compared to other hormones. Furthermore, low adiponectin
levels have been confirmed in patients with diabetes [8],
and body fat percentage has been found to be negatively

associated with adiponectin levels in adults [7]. Serum
adiponectin levels showed an inverse association with hyper-
tension and the homeostasis model assessment of insulin
resistance (HOMA index) [9].

However, there are few studies regarding the association
of vitaminD and adiponectin levels with cardiometabolic risk
factors in obese and healthy children, and to the best of our
knowledge, this is the first study to assess these parameters in
obese children and adolescents in Turkey.

2. Materials and Methods

2.1. Participants. We enrolled a total of 114 children and
adolescents (age, 10–16 years) who were admitted to the Unit
of Paediatric Metabolism of the Child Hospital of Erciyes
University Medical Faculty (Kayseri Province, Turkey) from
March to May 2011. The study population was divided into
2 groups (obese and nonobese) by body mass index (BMI)
(kg/m2), which was percentile-specific for gender and age of
Turkish children and adolescents [10].
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The number of adolescents in the obese (28/63; 44.5%)
and nonobese (24/51; 47%) groups was similar.

Healthy, age- and gender-matched subjects were selected
from local schools. Obesity was defined as a BMI>90 (kg/m2)
according to the reference BMI curves for Turkish children
[10].

Anthropometric measurements including weight in kilo-
grams (kg), height in centimetres (cm), and BMI for each
participant were performed by the same trained nurse using
standard devices. Systolic blood pressure (SBP) and diastolic
blood pressure (DBP) were measured twice using a mercury
sphygmomanometer, after the subject rested for at least
20min.

2.2. Biological Parameters. After overnight fasting, venous
blood samples were collected. All samples were obtained
during the spring (March to May 2011). Within 3 h of
venipuncture, whole blood samples were centrifuged and
separated, and serum portions were frozen at −80∘C for
future adiponectin analysis. Biochemical parameters, such
as LDL-cholesterol (LDL-C) (normal range, 100–130mg/dL),
total cholesterol (T-C) (normal range, 160–200mg/dL),
HDL-cholesterol (HDL-C) (normal range, 35–80mg/dL),
triglyceride (TG) (normal range, 40–140mg/dL), and fasting
glucose (normal range, 65–105mg/dL) levels, were analyzed
immediately using standard assay kits (Abbott GmbH &
Co. KG, Wiesbaden, Germany). Adiponectin levels were
determined using a commercially available enzyme-linked
immunosorbent assay (ELISA) kit (BioVendor GmbH, Hei-
delberg, Germany). Plasma 25(OH)D levels were measured
by high-pressure liquid chromatography (HPLC) using Clin-
Rep kits (IRIS Technologies International GmbH, Cursdorf,
Germany). Insulin levels were measured using an immuno-
radiometric assay kit.

The HOMA index to determine insulin resistance was
calculated using the formula [fasting insulin (𝜇U/mL) ×
fasting glucose (mmol/liter)]/22.5 [11]. Vitamin D deficiency
was defined as vitamin D levels of <20 ng/mL and vitamin D
insufficiency as vitamin D levels of 21–29 ng/mL [12].

2.3. Statistical Analysis. Data analysis was performed using
SPSS version 17.0 (SPSS. Inc., Chicago, IL, USA). The results
were expressed as mean ± SD.The Kolmogorov-Smirnov test
was used to determine the normality of the data. Differences
between groups were analysed using the Student’s t-test.
Discrete variables were compared using the Pearson 𝜒2 test.
The Pearson correlation test was used to determine the
correlations among the variables.

3. Results

The obese group consisted of 63 subjects (32 males, 31
females), and nonobese group consisted of 51 subjects (26
males, 25 females). The mean ages of the study population,
obese group, and nonobese group were 13.5 ± 1.6, 13.5 ± 1.7,
and 13.4 ± 1.6 years, respectively.

SBP, DBP, T-C, LDL-C, TG, and fasting glucose were
higher in the obese group than those in nonobese group

Table 1: Adiponectin and 25(OH)D levels according to gender.

Parameters Male (𝑛 = 58) Female (𝑛 = 56) 𝑃 value
25(OH)D (ng/mL) 27.2 ± 7.5 26.6 ± 7.4 0.662
Adiponectin (𝜇g/mL) 4.58 ± 1.91 4.45 ± 1.64 0.688
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Figure 1: Serum 25(OH)D levels in obese and nonobese subjects.

(𝑃 < 0.01 for all variables), whereas 25(OH)D, adiponectin,
and HDL-C levels were lower in the obese group (𝑃 < 0.01
for all variables).

The mean 25(OH)D levels in the overall population,
males, and females were 26.9 ± 7.4, 27.2 ± 7.5, and 26.6 ±
7.4 ng/mL, respectively.There was no significant difference in
25(OH)D levels according to gender in the overall population
(𝑃 > 0.05) (Table 1).

All samples were collected during the spring season;
therefore, the 25(OH)D reference values were the same for
all participants. The descriptive characteristics of the study
population (clinical and biological parameters) are shown in
Table 2.

Association of 25(OH)D levels with obesity is as follows:
mean 25(OH)D levels in the total study, obese group, and
nonobese group were 26.9 ± 7.4, 22.5 ± 5.7, and 32.3 ±
5.8 ng/mL, respectively. There was a significant difference in
25(OH)D levels between the groups (𝑃 < 0.0001). Serum
25(OH)D levels are shown in Figure 1.

25(OH)D levels in relation to biochemical and clinical
parameters were as follows: 25(OH)D levels showed a pos-
itive correlation with adiponectin and HDL-C levels and
an inverse correlation with BMI, TG, T-C, LDL-C, fasting
glucose levels, HOMA index, SBP, and DBP (Table 3).

The mean adiponectin level in the obese group (3.3 ±
0.89 ng/mL) was lower than that in the nonobese group
(6.0 ± 1.4 ng/mL) (𝑃 < 0.0001) (Table 1). Adiponectin levels
according to the groups are shown in Figure 2. BMI, TG, T-C,
LDL-C, and fasting glucose levels, HOMA index, SBP, and
DBP showed an inverse correlation with adiponectin levels.
However, 25(OH)D and HDL-C levels showed a positive
correlation with adiponectin levels (Table 4). There was no
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Table 2: Baseline clinical and biological parameters of study subjects.

Parameters Total (𝑛 = 114) Obese group (𝑛 = 63) Nonobese group (𝑛 = 51) 𝑃 valuea

Age (years) 13.5 ± 1.6 13.5 ± 1.6 13.4 ± 1.7 0.835
BMI (kg/m2) 24.5 ± 5.4 28.5 ± 2.7 19.6 ± 3.6 <0.0001
SBP (mmHg) 119.7 ± 9.1 122.6 ± 9.6 116.2 ± 7.0 0.001
DBP (mmHg) 66.9 ± 8.9 71.0 ± 8.9 61.9 ± 5.7 <0.0001
HOMA index 1.8 ± 0.55 1.9 ± 0.64 1.6 ± 0.31 0.001
TG (mg/dL) 113.3 ± 25.6 128.7 ± 22.9 94.3 ± 13.1 <0.0001
LDL-C (mg/dL) 94.6 ± 27.5 111.9 ± 24.1 73.3 ± 12.5 <0.0001
T-C (mg/dL) 160.1 ± 27.8 177.6 ± 24.3 138.6 ± 12.4 <0.0001
HDL-C (mg/dL) 44.6 ± 5.9 40.7 ± 3.4 49.4 ± 4.8 <0.0001
25(OH)D (ng/mL) 26.9 ± 7.4 22.5 ± 5.7 32.3 ± 5.8 <0.0001
Adiponectin (𝜇g/mL) 4.5 ± 1.7 3.3 ± 0.89 6.0 ± 1.4 <0.0001
Fasting glucose (mg/dL) 85.2 ± 12.8 89.0 ± 15.0 80.5 ± 7.2 0.003
a
𝑃 values between obese and nonobese groups.

Table 3: Correlations of 25(OH)D with other parameters of the total study, obese group, and nonobese group.

Parameters Obese (𝑛 = 63) Nonobese (𝑛 = 51) Total population
𝑟 𝑃 𝑟 𝑃 𝑟 𝑃

Adiponectin (𝜇g/mL) −0.147 0.251 −0.23 0.105 0.360 0.000
BMI (kg/m2) −0.199 0.118 −0.073 0.612 −0.553 0.000
TG (mg/dL) 0.199 0.117 0.094 0.513 −0.306 0.001
T-C (mg/dL) 0.167 0.190 −0.35 0.808 −0.360 0.000
HDL-C (mg/dL) −0.111 0.385 −0.20 0.890 0.404 0.000
LDL-C (mg/dL) 0.179 0.161 0.048 0.736 −0.343 0.000
Fasting glucose (mg/dL) 0.112 0.381 −0.144 0.313 −0.369 0.031
HOMA index 0.075 0.558 −0.147 0.304 −0.480 0.035
SBP (mmHg) 0.33 0.796 0.013 0.926 −0.190 0.043
DBP (mmHg) −0.66 0.608 −0.252 0.75 −0.392 0.000
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Figure 2: Serum adiponectin levels in obese and nonobese subjects.

difference in adiponectin levels according to gender in the
total study population (Table 1).

4. Discussion

Here we investigated the association of obesity with several
metabolic risk factors and both vitamin D and adiponectin
levels in children and adolescents. Recent studies suggested
that vitamin D levels were lower and vitamin deficiency
was more common in obese patients [13, 14]. Furthermore,
decreased vitamin D levels in obese patients have been
reported due to minimal sun exposure from a seden-
tary lifestyle, sequestration in fat tissue, and low dietary
vitamin D intake because of poor dietary habits [13, 15].
Although we did not discriminate between vitamin D defi-
cient subjects, vitamin D levels were significantly lower
in the obese group (𝑃 < 0.0001). While most findings
regarding obesity and vitamin D level come from adult
studies, Lenders et al. [16] reported that lower vitamin D
level was associated with higher body fat index among obese
adolescents.

In this study, we observed an inverse correlation between
vitamin D and T-C, LDL-C, and TG levels and a positive
correlation between vitamin D and HDL-C levels, which
was consistent with previous studies [17–20]. In a study by
Gannagé-Yared et al. [19], vitaminDwas positively correlated
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Table 4: Correlations between adiponectin levels and other parameters in the total study, obese group, and nonobese group.

Parameters Obese (𝑛 = 63) Nonobese (𝑛 = 51) Total population
𝑟 𝑃 𝑟 𝑃 𝑟 𝑃

25(OH)D (ng/mL) −0.147 0.251 -0.23 0.105 0.360 0.000
BMI (kg/m2) 0.288 0.022 0.095 0.506 −0.556 0.000
TG (mg/dL) 0.143 0.265 0.239 0.091 −0.429 0.000
T-C (mg/dL) 0.110 0.391 0.249 0.078 −0.463 0.000
HDL-C (mg/dL) −0.145 0.256 −0.013 0.927 0.525 0.000
LDL-C (mg/dL) 0.095 0.459 0.137 0.338 −0.485 0.000
Fasting glucose (mg/dL) 0.110 0.389 −0.041 0.774 −0.224 0.016
HOMA index 0.023 0.861 −0.154 0.282 −0.264 0.004
SBP (mmHg) 0.059 0.645 0.147 0.304 −0.206 0.028
DBP (mmHg) 0.010 0.941 −0.049 0.734 −0.394 0.000

with HDL-C levels in 381 young adults, and a second recent
study demonstrated that vitamin D deficiency increased
peripheral insulin resistance and thereby altered the lipid
profile [21].

Many studies have reported that vitamin D levels were
negatively associated with type 1 diabetes and insulin resis-
tance in children and adults [13, 19, 22, 23]. Results of
our study demonstrated that lower vitamin D levels were
significantly correlated with higher fasting glucose levels and
HOMA index (𝑟 = −0.369, 𝑃 = 0.031 and 𝑟 = −0.480,
𝑃 = 0.035). Furthermore, our study suggested that obesity
was a risk factor for lower vitamin D levels, which probably
worsened insulin resistance.

Reportedly, the incidence of hypertension increases dur-
ing the winter months [1, 24], and increased hypertension
rates in non-Hispanic blacks with lower vitamin D levels,
compared to whites, suggest an association between hyper-
tension and vitamin D levels [25]. Here we found an inverse
correlation between vitamin D levels and both SBP and
DBP; there was some evidence of a role of vitamin D in
hypertension regulation. One is the inhibition of renin gene
expression by 1,25(OH)

2
D, which is an active metabolite of

25(OH)D, and also vitamin D inhibits the renin-angiotensin-
aldosterone system [26]. Another proposed mechanism
involves the direct vascular effects of vitamin D as mediated
by the 1𝛼-hydroxylase enzyme, in the conversion of 25(OH)D
to 1,25(OH)

2
D,which is expressed in vascular smoothmuscle

cells [27]. Furthermore, Sun and Zemel [28] suggested that
the adiponectin gene expression may be upregulated by
vitamin D and reported that adipokine synthesis in visceral
adipose tissue was regulated by 1,25-hydroxyvitamin D

3
.

Tumour necrosis factor alpha affects adiponectin expression,
and 1,25-hydroxyvitamin D

3
regulates tumour necrosis alpha

gene [29, 30]. Therefore, we propose that the interaction
between vitamin D and adiponectin levels may be an indi-
cator of cardiometabolic risk factors of diseases such as
atherosclerosis, because we know that adiponectin protects
against atherosclerosis [31]. Nonetheless, further experimen-
tal and clinical observations are required to elucidate this
interaction. Importantly, we found a positive correlation

between 25(OH)D and adiponectin levels in the total cohort
of Turkish subjects (𝑃 < 0.001, 𝑟 = 0.360).

Our results showed that adiponectin levels were lower in
obese group (𝑃 < 0.001) and were inversely correlated (𝑟 =
−0.556, 𝑃 < 0.001) with BMI in accordance with previous
reports on adults. However, the association in children and
adolescents remains unclear. Adiponectin levels in diabetic
patients were found to be lower than those in healthy subjects
[7, 8]. In a study reported by Lindsay et al. [32], plasma
adiponectin levels were lower in Pima Indians, a group
with a high prevalence of obesity and diabetes, whereas a
second study demonstrated that adiponectin was strongly
associated with insulin sensitivity [33]. Our results showed
that plasma adiponectin levels were strongly correlated with
fasting glucose levels and HOMA indexes (𝑟 = −0.224,
𝑃 = 0.016 and 𝑟 = −0.264, 𝑃 = 0.004, resp.), suggesting
that hypoadiponectinemia plays a crucial role in insulin
resistance and in the development of diabetes. Furthermore, a
recent study reported that low serum adiponectin levels were
negatively associated with hypertension [9], which confirms
our finding of an association between obese and nonobese
groups when compared for SBP and DBP (𝑃 = 0.001,
𝑃 < 0.0001, resp.). Lastly, our study demonstrated a negative
correlation between plasma adiponectin levels and both SBP
and DBP (𝑟 = −206, 𝑃 = 0.028 and 𝑟 = −0.394, 𝑃 = 0.000,
resp.).

5. Conclusion

This is the first study to evaluate the association of multiple
metabolic risk factors with both adiponectin and vitamin D
levels in Turkish subjects. In this study, we found strong asso-
ciations between obesity-related parameters, and vitamin D
and adiponectin levels in children and adolescents. However,
further studies are needed to confirm our findings in larger
populations.

Conflict of Interests

The authors declare that they have no conflict of interests.



International Journal of Endocrinology 5

References

[1] M. A. Nadir, B. R. Szwejkowski, and M. D. Witham, “Vitamin
D and cardiovascular prevention,” CardiovascularTherapeutics,
vol. 28, no. 4, pp. e5–e12, 2010.

[2] M. L. Melamed, E. D. Michos, W. Post, and B. Astor, “25-
HydroxyvitaminD levels and the risk ofmortality in the general
population,” Archives of Internal Medicine, vol. 168, no. 15, pp.
1629–1637, 2008.

[3] J. P. Reis, D. von Mühlen, E. R. Miller III, E. D. Michos, and L.
J. Appel, “Vitamin D status and cardiometabolic risk factors in
theUnited States adolescent population,” Pediatrics, vol. 124, no.
3, pp. e371–e379, 2009.

[4] E. Giovannucci, Y. Liu, B. W. Hollis, and E. B. Rimm, “25-
Hydroxyvitamin D and risk of myocardial infarction in men:
a prospective study,” Archives of Internal Medicine, vol. 168, no.
11, pp. 1174–1180, 2008.

[5] R. Alemzadeh, J. Kichler, G. Babar, andM. Calhoun, “Hypovita-
minosis D in obese children and adolescents: relationship with
adiposity, insulin sensitivity, ethnicity, and season,”Metabolism,
vol. 57, no. 2, pp. 183–191, 2008.

[6] J. P. Forman, E. Giovannucci, M. D. Holmes et al., “Plasma 25-
hydroxyvitamin D levels and risk of incident hypertension,”
Hypertension, vol. 49, no. 5, pp. 1063–1069, 2007.

[7] O. Ukkola and M. Santaniemi, “Adiponectin: a link between
excess adiposity and associated comorbidities?” Journal of
Molecular Medicine, vol. 80, no. 11, pp. 696–702, 2002.

[8] Y. Matsuzawa, T. Funahashi, S. Kihara, and I. Shimomura, “Ad-
iponectin and metabolic syndrome,” Arteriosclerosis, Thrombo-
sis, and Vascular Biology, vol. 24, no. 1, pp. 29–33, 2004.

[9] P. Brambilla, L. Antolini, M. E. Street et al., “Adiponectin and
hypertension in normal-weight and obese children,” American
Journal of Hypertension, vol. 26, no. 2, pp. 257–264, 2013.

[10] A. Ozturk, M. M. Mazicioglu, N. Hatipoglu et al., “Reference
body mass index curves for Turkish children 6 to 18 years of
age,” Journal of Pediatric Endocrinology and Metabolism, vol. 21,
no. 9, pp. 827–836, 2008.

[11] O. Vaccaro, M. Masulli, V. Cuomo et al., “Comparative evalua-
tion of simple indices of insulin resistance,”Metabolism, vol. 53,
no. 12, pp. 1522–1526, 2004.

[12] M. F. Holick, “Medical progress: vitamin D deficiency,”TheNew
England Journal of Medicine, vol. 357, no. 3, pp. 266–281, 2007.

[13] J.Wortsman, L. Y.Matsuoka, T. C. Chen, Z. Lu, andM. F.Holick,
“Decreased bioavailability of vitamin D in obesity,” American
Journal of Clinical Nutrition, vol. 72, no. 3, pp. 690–693, 2000.

[14] A. Ashraf, J. Alvarez, K. Saenz, B. Gower, K. McCormick,
and F. Franklin, “Threshold for effects of vitamin D deficiency
on glucose metabolism in obese female African-American
adolescents,” Journal of Clinical Endocrinology and Metabolism,
vol. 94, no. 9, pp. 3200–3206, 2009.

[15] C. Buffington, B. Walker, G. S. M. Cowan Jr., and D. Scruggs,
“Vitamin D deficiency in the morbidity obese,”Obesity Surgery,
vol. 3, no. 4, pp. 421–424, 1993.

[16] C. M. Lenders, H. A. Feldman, E. von Scheven et al., “Relation
of body fat indexes to vitamin D status and deficiency among
obese adolescents,” American Journal of Clinical Nutrition, vol.
90, no. 3, pp. 459–467, 2009.

[17] J. P. Reis, D. von Mühlen, and E. R. Miller III, “Relation of
25-hydroxyvitamin D and parathyroid hormone levels with
metabolic syndrome among US adults,” European Journal of
Endocrinology, vol. 159, no. 1, pp. 41–48, 2008.

[18] E. Hyppönen, B. J. Boucher, D. J. Berry, and C. Power, “25-
Hydroxyvitamin D, IGF-1, and metabolic syndrome at 45 years
of age A cross-sectional study in the 1958 british birth cohort,”
Diabetes, vol. 57, no. 2, pp. 298–305, 2008.
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