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Figure 1. Boxplot of 25-(OH) D (ng/ml) by BMI category.

Table 2. Circulating concentrations of 25-(OH) D, PTH, RBP4, 
NGAL in Control, Overweight, Obese and Ultra-Obese groups. p 
value of Mann-Whitney test

Control Overweight Obese Ultra-Obese

25-(OH) D  
(ng/ml)

Q1 =5.8
M = 9.9
Q3=13.0

Q1 = 5.9
M = 11.3
Q3= 20.5
(p=0.643)

Q1 = 4.0
M = 5.4

Q3 = 10.6
(p=0.05)

Q1= 4.0
M = 4.0
Q3 = 9.7

(p=0.005)*

PTH  
(pg/ml)

Q1=18.1
M=26.4
Q3=34.6

Q1 = 19.7
M = 23.6
Q3 = 32.0
(p=0.518)

Q1 = 19.7
M = 26.0
Q3= 38.5
(p=0.693)

Q1 = 24.0
M = 32.5
Q3 = 38.7
(p=0.439)

RBP-4  
(mg/L)

Q1=18.7
M= 23.8
Q3=28.7

Q1= 22.6
M = 26.9
Q3 = 30.9
(p=0.182)

Q1 = 18.6
M = 26.3
Q3 = 29.6
(p=0.955)

Q1 = 16.3
M = 18.8
Q3= 22.7
(p=0.01)*

NGAL  
(μg/L)

Q1=14.0
M= 18.2
Q3=32.2

Q1 = 5.9
M = 13.7
Q3 = 28.7
(p=0.369)

Q1= 5.1
M = 11.1
Q3 = 17.4

(p=0.025)*

Q1 = 5.2
M = 8.8

Q3 = 23.2
(p=0.116)

Q1: 25th percentile; M: median; Q3: 75th percentile; p: p value 
of Mann-Whitney test between control group and overweight, 
obese, ultra-obese groups

* statistically significant

the four groups. Lower levels of 25-(OH) D were 
found in the most obese patients of our sample. Figure 
1 displays the median 25-(OH) D by BMI category 
across the four groups. RBP4, NGAL, 25-OH-D and 
PTH across the four groups are calculated as median 
(25th – 75th percentile) and are presented in Table 2.

Table 3. Fasting glucose, fasting insulin and HOMA index in control, 
overweight, obese and ultra-obese groups

Control Overweight Obese Ultra-Obese

Fasting glucose  
(mg/dL)

84±2 81±1 84±2 82±2

Fasting insulin  
(mIU/L)

11.6±1.7 14.4±1.4 15.4±1.5 18.6±2.1**

HOMA index 1.99±0.4 2.89±0.3 3.06±0.4* 3.41±0.4*

*p<0.01, **p<0.001

As indicated in Table 3, fasting glucose concentra-
tions were within the normal range in each group, and 
similar between groups. Fasting insulin concentrations 
were significantly higher in the ultra-obese group than 
in the control group. Similarly, insulin resistance (as 
reflected by HOMA index) was significantly increased 
in the obese and the ultra-obese groups compared 
to the control group.

Our data did not reveal significant correlation 
between BMI z-score and 25-(OH) D overall. PTH 
correlated with neither BMI z-score nor 25-(OH) D.

The Kruskal-Wallis test showed that the medians 
of 25-(OH) D by BMI range are different in the 
groups examined (p=0.006). The Mann-Whitney 
U-test for 25-(OH) D demonstrated significant dif-
ferences between the control and ultra-obese groups 
(p=0.005). The same holds for the control and obese 
groups (p=0.05), however, a larger sample is required 
to provide more evidence, as the level of significance 
is close to 0.05.

Linear associations between RBP-4 and 25-(OH) 
D in the entire BMI range as well as between NGAL 
and 25-(OH) D are explored through Pearson’s 
correlation coefficient (r=0.277, p=0.015), (r=0.4, 
p<0.001), respectively. Indeed, Spearman’s correla-
tion showed positive monotonic relations between 
25-(OH) D and RBP4 (r=0.349, p=0.002), as well as 
between 25-(OH) D and NGAL (r=0.338, p=0.003).

The low level of detection for 25-(OH) D is 4 ng/
ml. Epidemiological studies in the Greek population 
have shown low 25-(OH) D concentrations in the 
entire BMI range.10

Both RBP4 and NGAL are positively correlated 
with 25-(OH) D. Using linear regression, 25-(OH) D 




