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test. Maximum oxygen uptake (VO2max), and max oxy-
gen uptake/weight (VO2max/kg) were measured. 

Statistics
Descriptive and inferential statistics were performed. 

The out-of-school organized physical activity was con-
sidered as a binary variable around its median value 
(two hours weekly). Student’s t-test and ANOVA with 
post-hoc Bonferroni t-test were used for the two groups 
and multiple comparisons, respectively. Pearson’s r was 
used for correlations. Statistical significance was set at p 
=0.05. Statistical analyses were performed using the IBM 
SPSS Statistics for Windows (IBM SPSS, IBM Corp., 
Armonk, NY, USA) version 22.0 while for graphs we 
used the Sigma Plot 12.5 (Systat Software, London, UK).

Results
The demographic and laboratory data of the three 

study groups are presented in Table 1. Statistically sig-
nificant differences were detected in all studied param-
eters, except homocysteine, as shown in Table 1. Post-
hoc analysis showed that leptin levels were significantly 
lower in normal-weight compared to obese children (p 
<0.001) while the difference between overweight and 
obese children was marginally statistically significant 
(p =0.05). The VO2max differences were also statisti-
cally significant between the three groups (p =0.025 
for normal-weight vs overweight, and p =0.001 for nor-
mal-weight vs obese children). The levels of leptin and 
adiponectin among the three study groups are shown in 
Figure 1, while the VO2max levels are showed in Figure 
2. Body mass index (BMI) z-scores also differed sig-
nificantly between the three groups. When adipokines 
and VO2max (absolute values and adjusted for weight 
and height) were correlated with one another, signifi-
cant correlations merged in overweight and obese chil-
dren groups. Leptin was inversely related to VO2max in 

obese children (r =-0.491, p =0.009) as shown in Table 
2. Leptin was also related inversely to VO2max/w (r 
=-0.441, p =0.021), to VO2max/h (r =-0.420, p =0.029), 
and to VO2max (r =-0.491, p =0.009) only in obese chil-
dren. However, when these correlations were corrected 
for HOMA-IR and BMI z-scores, only BMI z-score was 
positively related to leptin (p =0.014 for VO2max/w and p 
=0.011 for VO2max/h regression model respectively). As 
for homocysteine, no statistically significant associations 
were detected (Table 2). Physical activity (organized or 
not) was not related statistically significantly to VO2max 
(p >0.10 for all indices) as shown in Table 3.

Leptin was significantly higher in the more physi-
cally active group (p =0.002) (Table 3). No associations 
were detected between leptin, adiponectin, and HOMA-
IR or between these two adipokines and the BMI, with 
the exception of the obese children where leptin was sig-
nificantly related to BMI (r =0.582, p <0.001) and HO-
MA-IR positively related to FEV1/FVC.

Discussion
The main finding of the present study was that lep-

tin was significantly inversely related to VO2max, ad-
justed for weight or height. This relation was subtle in 
overweight children and became evident in obese ones. 
Moreover, a documented, “organized” physical exercise 
duration of more than two hours weekly was associated 
with a lower HOMA-IR. Physical training may further 
exert its beneficial effect on health as documented by 
HOMA-IR index.

The VO2max associations with adipokines’ levels 
have been previously investigated and yielded contradic-
tory results, mainly due to different research protocols. In 
the study of Unal et al, VO2max values were significantly 
higher (p <0.01) and leptin levels significantly lower in 
trained athletes21, while Yang et al showed that leptin lev-
els after 24h of participating in an exercise bout of 65 % 

Table 1: Demographic, biochemical and exercise test parameters of the 32 obese, 21 overweight, and 30 normal-weight chil-
dren who participated in the study.

normal-weight 
(n =30)

overweight
(n =21)

obese
(n =32)

p#

Age (years) 11.98 ± 1.95 10.91 ± 1.72 11.35 ± 2.21 0.158
Males (number, %) 16 (53 %) 9 (43 %) 18 (56 %)
BMI (kg/m2) 20.11 ± 3.09 25.78 ± 1.35 31.70 ± 5.37 <0.001***
BMI z score -0.97 ± 0.48 -0.08 ± 0.21 0.85 ± 0.84 <0.001***
Weight z score 0.03 ± 1.01 -0.07 ± 1.03 0.02 ± 1.03 0.942
Height z score 0.09 ± 1.1 -0.33 ± 0.76 0.13 ± 0.92 0.209
Physical activity (hours/week) 6.35 ± 4.44 4.29 ± 2.22 3.58 ± 2.68 <0.001**
HOMA-IR 0.63 ± 0.48 1.36 ± 0.89 2.12 ± 1.44 0.002*
VO2max (ml/kg/min) 1.24 ± 1.26 0.63 ± 0.17 0.44 ± 0.17 0.001**
Leptin (ng/ml) 14.14 ± 12.81 27.33 ± 10.59 36.77 ± 23.97 <0.001**
Adiponectin (μg/ml) 16.20 ± 6.61 12.96 ± 7.21 11.51 ± 4.38 0.011*
Homocysteine (μmol/L) 7.62 ± 1.92 7.59 ± 2.05 8.71 ± 3.73 0.229
Values are means ± standard deviation, BMI: Body mass index, HOMA-IR: Homeostatic model assessment of insulin resistance, VO2max: 
maximum quantity of oxygen, #: ANOVA, ***: Statistically significant difference between Normal vs Overweight vs Obese, **: Statistically 
significant difference between Normal vs Overweight, Normal vs Obese, *: Statistically significant difference between Normal vs Obese.


