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and pubertal status (based on Breast Tanner Stage) 
by a certified pediatrician. Girls in Tanner stage 1 
were classified as prepubertal, whereas girls in Tan-
ner stages 2-5 were classified as pubertal.

In this study, a local population of 79 patients, 
Greek girls aged 8-16, was examined and was strati-
fied in 4 subgroups according to their BMI z-score: 
a) control group (-2.15-1.24), b) overweight group 
(1.34 – 2.49), c) obese group (2.50 – 2.87) and d) 
ultra-obese (3-4.37).

The blood samples for all measurements were 
collected in the overnight fasting condition during 
a scheduled morning visit, at 8.00-9.00 a.m., over 1 
calendar year. There was no seasonal variation in 
blood sampling. The blood was centrifuged and the 
serum obtained was stored at -850C. Fasting glucose 
and insulin levels were measured with Siemens Advia 
1800 Clinical Chemistry System (Siemens Medical 
Solutions, Tarrytown, NY, USA) and the automated 
chemiluminescence Siemens ACS180 System (Sie-
mens Medical Solutions, Tarrytown, NY, USA), 
respectively. The Homeostasis assessment model 
(HOMA) according to the formula HOMA=Fasting 
Insulin (mIU/ml) x Fasting glucose (mmol/L)/ 22.5 
was used as a marker of insulin resistance. RBP4 
was measured with a solid-phase ELISA technique 
(Immundiagnostik, AG Bensheim, Germany) and 
NGAL was determined by a solid phase ELISA 
technique (R&D Systems, Minneapolis, MN, USA). 
CVs for RBP-4 are 5% and 9.7%, whereas for NGAL 
3.1-4.1% and 5.6 to 7.9%, respectively. 25-(OH) 
D3 was determined using Elecsys 25-OH-D(3) as-
say (Roche), a direct electrochemiluminescence 
immunoassay which employs a polyclonal antibody 
against 25-(OH) D3 using the Roche e411 Cobas im-
munoassay analyzer (Roche Diagnostics, Mannheim, 
Germany). CVs for VitD are 5.4-5.7 % and 6.9-9.9 

%. Our trust provides internal quality audits. All of 
the 25-(OH) D samples with minimum value 4ng/ml 
are tested twice. In general, epidemiological studies 
in the Greek population have shown low 25-(OH) D 
concentrations in the entire BMI range.10

Statistical analysis

Continuous variables are presented as mean ± 
standard deviation (SD), or median and interquartile 
range (25th and 75th percentile) in cases of skewed 
distributions, while categorical variables are presented 
as percentages. The level of significance was set to 
≤0.05. Comparisons of means were performed by 
Mann-Whitney and Kruskall-Wallis tests. Spearman 
tests were used for correlations. Log transformation 
of selected variables was performed, but no additional 
information was revealed. The effect of age, NGAL, 
RBP-4 and BMI z-score in relation to 25-(OH) D 
was examined, using linear regression. The statistical 
tools used were SAS version 9.2 and SPSS version 
18 for Windows 7.

Results

As described previously, participants included 
female patients aged 8 to 16 years who were divided 
into 4 subtypes according to their BMI z-score: 20 
overweight (BMI z-score 1.34-2.49), 20 obese (2.50-
2.87), 20 ultra-obese (also referred to as extremely 
obese) (>3) and 20 healthy lean matched in age and 
gender as a control group (<1.24) [Table 1]. Popu-
lation clinical characteristics and family history are 
presented in Table 1. Concentrations of 25-(OH) 
D did not differ between pubertal and prepubertal 
children. (Kruskal Wallis p value = 0.9).

Statistical analysis showed that the distribution as 
well as the median of 25-(OH) D is different amongst 

Table 1. Population Characteristics

  Control Overweight Obese Ultra-Obese

Number (24.1%) (25.3%) (25.3%) (25.3%)
Breast Tanner Stage (BTS) I/ II-V (BTS I %) 3/17 (15%) 3/17 (15%) 3/17 (15%) 2/18 (10%)
BMI z score range <1.24 1.34 – 2.49 2.50-2.87 >3
Age (range) in years 9 – 14 9 – 14 9 – 16 8 – 14
1st degree relative with DM type 2 5% 5% 10% 40%
2nd degree relative with DM type 2 20% 25% 55% 65%




