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3). Notably, a suggestive positive correlation between 
leptin concentrations and BF%, independent of BMI, 
was also observed (P=0.072) (Table 3).

Ghrelin levels were significantly negatively cor-
related with fasting insulin levels and HOMA-IR 
values (P=0.022) (Table 3, Figure 3), independent 
of BMI (Table 3). 

In multiple regression analysis, leptin levels were 
independently associated only with BMI values 
(B=2.55±4.32, R2=3.98; Ρ<0.001). By contrast, one 

(Table 1). Obese IR adolescents had significantly 
higher insulin levels, as well as HOMA-IR values, 
compared to obese NIR adolescents and controls 
(P<0.001 in all comparisons); no significant differ-
ence in the indices of IR was observed between obese 
NIR adolescents and controls.

Fasting glucose levels did not significantly differ 
between the three groups (Table 1).

Leptin levels were significantly higher in obese (IR 
and NIR) adolescents compared to controls (P<0.001 
in both comparisons). Obese IR adolescents had 
higher leptin levels compared to obese NIR individu-
als, but not significantly so (Table 1, Figure 1). 

Ghrelin levels were significantly lower in obese IR 
and NIR adolescents compared to the control group 
(P<0.001 and P=0.006, respectively). Ghrelin levels 
were significantly lower in IR compared to NIR obese 
adolescents (P=0.043) (Table 1, Figure 2). 

Bivariate and independent of (partial for) BMI 
correlations are summarized in Table 3. Leptin con-
centrations were positively correlated with indices of 
obesity (BMI and BF %) and IR (insulin levels and 
HoMA-IR) (P<0.001 in all comparisons) (Table 3). 
Serum ghrelin levels were negatively correlated with 
both obesity and IR (P<0.001 in all comparisons) 
(Table 3, Figure 3). A significant negative correla-
tion between circulating leptin and ghrelin was found 
(P<0.001) (Table 3, Figure 4).

After adjustment for BMI, circulating leptin levels 
were positively correlated with fasting insulin levels 
and HOMA-IR values, but these correlations were 
suggestive (P=0.075 and P=0.077, respectively) (Table 

Table 2. Ghrelin and leptin levels in male (M) and female (F) adolescents studied separately (mean ± SD, range, Mann-Whitney P val-
ues).

Obese Adolescents IR Obese Adolescents NIR Controls

Gender M F P M F P M F P

n 6 14 10 10 10 5

Leptin

(ng/ml)

44.18±20.06

17.12- 66.63

47.26±31.46

10.70-121.10
=0.444

35.97±20.33

16.39- 86.30

33.52±16.19

13.71-68.62
=0.971

8.43±5.06

2.10-16.06

16.37±5.86

6.52-24.29
=0.022

Ghrelin

(pmol/l)

903.44±290.28

419.93-1285.20

841.55±298.63

376.77-1619.36
=0.968

960.74± 235.63

756.82-1580.07

1243.44±427.83

735.47-1955.76
=0.089

1317.49±195.17

1032.71-1618.52

1419.94±618.52

1011.87-2665.12
=0.529

IR: insulin-resistant, NIR: non-insulin-resistant, P values <0.05 are significant.

Figure 1. Serum leptin levels in obese insulin-resistant (OBESE 
IR) adolescents, obese non-insulin-resistant (OBESE NIR) 
adolescents and lean adolescents (CONTROLS). Box-plots 
extend from the 25th to the 75th percentile and whiskers to the 
largest and smallest observed values within 1.5 box lengths; the 
solid line is the median. 




