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STATISTICAL ANALYSIS

Continuous data are presented as mean ± SD, 
whereas categorical variables are presented as abso-
lute (n) and relative (%) frequencies. Comparisons 
of means were performed with the Student t-test. 
Relations between nominal variables were assessed 
by the Fisher exact test and correlations between 
continuous variables were estimated by Pearson’s r. 
Non-parametric procedures (Kruskal-Wallis, Mann-
Whitney and Spearman rho) were used whenever 
sample sizes were small (<30). Linear regression 
analysis was used to adjust for the potential cofound-
ing effect of age and gender on the relation between 
cortisol and obesity. All statistical procedures were run 
in the Stata 11.0 statistical software (StataCorp, 4905 
Lakeway Drive College Station, Texas, 77845, USA).

RESULTS

Clinical characteristics (age, gender, BMI z-scores 
and pubertal status) of the study population are pre-
sented in Table 1. The children of the OG were younger 
than the comparison (normal-weight) Group (NWG).

Τ-scores of internalizing and externalizing symp-
toms were provided by the ASEBA based on the 
Greek norms. OC had a greater percentage of self-
reported and mother-reported symptoms of internal-
izing symptoms categorized in the clinical range, as 
shown in Table 2. T-scores of internalizing symptoms 
expressed by the children themselves (using the YSR 
questionnaire) were significantly higher in the obese 
than the normal-weight children (p=0.03). The same 
was noted (p<0.001) for internalizing symptoms as 
assessed by mothers (using the CBCL). No significant 
differences were noted in externalizing symptoms 

as assessed by the children themselves. However, 
externalizing symptoms assessed by mothers were 
significantly higher in the obese than in the NWG 
(p=0.003). These results are presented in Table 2.

Cortisol area under the curve (AUC), as calculated 
by the five serial salivary samples for cortisol, was 
significantly higher (p=0.03) in the normal-weight than 
in the OG (Table 3). However, Pearson’s correlation 
between cortisol AUC and age was significant (r=0.3, 
p=0.005). When gender was examined, differences 
in AUC between females (0.625±0.485) and males 
(0.536±0.292), as examined by the T-test, were not 
significant (p=0.3). In order to examine possible 
confounding effects of age and gender in the relation 
between cortisol and obesity, a linear regression analy-
sis of cortisol AUC including age, gender and obesity 
was performed. The results, which are presented in 
Table 4, reveal that the significance of the relation 
between obesity and AUC was lost. In our data, this 
relation was probably due to the confounding effects 
of age and gender.

Lastly, associations between the children’s AUC 
and internalizing-externalizing symptoms, expressed 
by both children and mothers, were not significant. 
Additional comparisons of AUC between children 
with high and low symptoms, expressed by both 
children and mothers, did not reveal significant re-
sults. Therefore, a mediation effect of cortisol in the 
relation of internalizing/externalizing disorders with 
obesity could not be supported by our data.

DISCUSSION

Our study revealed an increased prevalence of 
internalizing (withdrawal, somatic complaints and 

Table 1. Characteristics of the Study Population

Total (n=141)

Obesity Status (according to Cole et al, 2000)

p-value
Normal Weight Group 

[NWG] (n=31)
Obese Group 
[OG] (n=110)

Age (years, mean ± SD) 11.3 ± 2.2 13.0 ± 1.5 10.9 ± 2.2 <0.001
Gender, females, % 51.8% 58.6% 50.0% 0.5
BMI z-score (mean ± SD) 2.47 ± 1.81 -0.13 ± 0.60 3.17 ± 1.32 <0.001
Pubertal status, pre-/mid-/postpubertal, n (%) 41.3%/40.6%/18.1% 3.5%/51.7%/44.8% 51.4%/37.6%/11.0% <0.001
***Fisher’s exact test


