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be related to variation in regional adiposity.27 There 
are many adult studies28 to support the inverse rela-
tions between 25-(OH) D and BMI, proposing that 
25-(OH) D is stored in large adipose tissue deposits 
and therefore its bioavailability is reduced.29

There is evidence to support the hypothesis that 
in obese individuals, an increased volume of distri-
bution of 25-(OH) D is due to its sequestration in 
hypertrophic adipose tissue.30 As suggested by Olson 
et al., an increased clearance of 25-(OH) D may be 
due to increased uptake by adipose tissue,30 which 
may also promote the production of active metabo-
lite vitamin D of 1,25-(OH) 2D and therefore have 
a negative effect on hepatic synthesis of 25-(OH) 
D.31 Mansour et al.32 showed that older children 
are more prone to develop 25-(OH) D deficiency 
than younger ones (P=0.000) and that the intake of 
25-(OH) D decreases with increasing age, as found 
also in other studies.33 This is latter view, however, 
disagrees with the report by McGillivray34 showing 
higher levels of 25-(OH) D deficiency in the younger 
age group. Recent studies have shown that in obese 
children low levels 25-(OH) D were associated with 
increased markers of oxidative stress, inflammation 
and endothelial activation.35 It has been observed 
that increased total central adiposity and decreased 
exercise frequency are directly related to insulin re-
sistance.36 Exercise reduces levels of fasting insulin 
and improves insulin sensitivity through structural 
and biochemical changes in skeletal muscle.

Studies of Alemzadeh et al6 have shown that 
children with 25-(OH) D deficiency had reduced 
sensitivity to insulin compared to those with adequate 
levels. There was also a negative correlation between 
25-(OH) D and body fat. Reduced levels of vitamin 
in obese subjects seem to occur because of enhanced 
binding of 25-(OH) D to peripheral fat.37 25-(OH) D 
is therefore positively correlated to insulin sensitivity, 
but negatively correlated to HbA1c, suggesting that 
obese children are deficient in 25-(OH) D and have a 
higher risk of developing impaired glucose tolerance 
and so are predisposed to type 2 diabetes. 38

The main insulin-stimulated glucose transporter 
GLUT-4 is down-regulated preferably in adipocytes 
in insulin-resistant states.39 In mouse studies, the 
genetic knockout of GLUT-4 has been associated 

was shown to be positively affected by the two pro-
teins RBP-4 and NGAL and negatively affected by 
age. NGAL and RBP4 had a strong positive relation 
with 25-(OH) D, whereas age had a negative one, as 
depicted in Table 4. The association of 25(ΟΗ) D 
with BMI z-score was not significant (p-value=0.682).

Table 4. Association between 25-(OH) D, age, RBP-4 and NGAL

25-(OH) D
Unstandardized

Coefficients

95%  
Confidence Interval

p 
Lower  
Bound

Upper  
Bound

(Constant) 16.461 5.784 2.846 0.006

RBP-4 0.311 0.124 2.507 0.014

NGAL 0.139 0.046 3.023 0.003

Age -1.393 0.454 -3.069 0.003

Discussion

We investigated the impact of BMI elevations on 
circulating 25-(OH) D and associations of this hor-
mone with RBP-4 and NGAL (previously measured) 
in female obese children and adolescents. We found 
that 25-(OH) D was lower in ultra-obese young females 
than in controls, and that 25-(OH) D concentrations 
were significantly associated with RBP-4 and NGAL.

There are many adult studies on 25-(OH) D de-
ficiency and its effects, whereas only a few studies 
have been published conducted in children. In adults, 
weight loss of about 10% may raise levels of 25-OH-D 
and this increment seems to correlate with improved 
insulin resistance.23,24 25-(OH) D deficiency has also 
been linked to insulin resistance and the metabolic 
syndrome. Previous studies suggested that the impact 
of 25-(OH) D deficiency on insulin resistance could not 
be attributed entirely to obesity.25 Studies of Pacifico 
et al. demonstrated that adiposity and hypertension 
were inversely related to low levels of 25-(OH) D.25 
In a recent study, Chrousos et al. determined a posi-
tive correlation between adiponectin and 25-(OH) D, 
suggesting that the latter is a potential link between 
insulin resistance and diabetes mellitus type 2.26 
Computed tomography (CT) imaging, which allows 
reliable characterization of subcutaneous and visceral 
adipose tissue, suggests that levels of 25-(OH) D may 




