
MC4R and FTo SNps in obese children 

using classical methods. Briefly, all children were 
dressed in light clothes. For height measurement 
they were placed in the Frankfurt plane. Height was 
measured in centimeters and weight in kilograms. 
Waist circumference was measured using a soft tape 
around the 12th rib, hip circumference around the 
iliac crest and the waist-to-hip ratio was calculated 
dividing the two measurements. BMI was calculated 
as the ratio of weight/height2 (kg/m2). Classification 
of children as normal-weight, overweight and obese 
met the criteria defined by the IOTF.23

Blood chemistry

Blood was collected after an overnight fast at 
8:00 a.m. The fasting glucose (Glu), total cholesterol 
(CHOL), triglycerides (TG), high-density lipoprotein 
cholesterol (HDL-C) and low-density lipoprotein 
cholesterol (LDL-C) concentrations in serum were 
assayed using the ADVIA 1800 Clinical Chemistry 
Analyzer (Siemens Healthcare Diagnostics, Tarry-
town, NY, USA), while insulin levels were determined 
with an electrochemiluminescence immunoassay on 
the Roche ELECSYS 2010 immunoassay analyzer 
(Basel, CH).

The HOMA insulin resistance (HOMA-IR) index 
was calculated according to the formula: HOMA-IR 
Index = [(Fasting Insulin) × (Fasting Glucose)]/161, 
with insulin concentration expressed in pmoles/l and 
glucose in mmoles/l.

Genotyping SNPs rs17782313 of MC4R  
and rs9939609 of FTO

For the genetic analysis, DNA was extracted from 
white blood cells from whole blood sampling using 
standard methods. Single nucleotide polymorphisms 
rs17782313 and rs9939609 of the MC4R and FTO 
genes, respectively, were analyzed after Real Time 
PCR amplification using the LightCycler 2.0 (Roche, 
Mannheim, Germany). The Real Time PCR LightCy-
cler assay is based on hybridization probes labeled with 
fluorescent dyes that allow fluorescence resonance 
energy transfer.25 SNP genotyping was carried out us-
ing melting curve analysis. Sequences of primers and 
probes used for Real Time PCR with the LightCycler 
2.0 are available upon request.

Statistical analysis

Statistical analyses were performed using SPSS 

20.0 for Windows (SPSS Inc., Chicago, IL, USA). 
Association statistics were calculated using PLINK 
software.26 Continuous variables are presented as 
mean values ± standard deviation. The statistical test 
used to delineate statistical significance (p-value) in 
normally distributed continuous variables between 
groups was the analysis of variance (ANOVA) test, 
as depicted in Table 1. For non-normally distributed 
variables, the natural logarithmical transformed values 
were used. Linear regression was performed to test 
the hypothesis of association between polymorphisms 
as predictors and their effect on anthropometric indi-
ces after adjustment for potential confounders (age, 
gender) (Table 2). Logistic regression was performed 
to determine the independent effect of risk alleles of 
MC4R and FTO on the relative likelihood of obesity. 

table 1. Descriptive characteristics of normal weight and overweight/
obese subjects

Number

Normal  
weight

Overweight/
Obese

p-value

151 153

Age 10.96 ± 0.57 11.08 ± 2.23 0.494

Weight (kg) 37.96 ± 5.7 66.43± 19.6 <0.001

Weight Z-score -0.48 ± 0.78 4.2 ± 2.77 <0.001

Height (m) 1.46 ± 0.70 1.49 ± 0.12 0.003

Height Z-score -0.12 ± 0.98 0.56 ± 1.46 <0.001

BMI (kg/m2) 17.75 ± 1.5 29.27 ± 5.6 <0.001

BMI Z-score -0.44 ± 0.44 2.95 ± 1.65 <0.001

Waist circumference 
(cm)

61.99 ± 5.23 88.73 ± 14.64 <0.001

Waist-Hip ratio 0.77 ± 0.04 0.89 ± 0.09 <0.001

Waist-Height ratio 0.42 ± 0.032 0.59 ± 0.082 0.000

Birth weight (g) 3202 ± 459 3366 ± 479 0.006

Systolic blood 
pressure (mm Hg)

118 ± 12.16 116 ± 16.8 0.420

Diastolic blood 
pressure (mm Hg)

74.02 ± 10.8 75.83 ± 10.82 0.234

Insulin (uU/ml) 6.54 ± 3.51 14.46 ± 6.77 <0.001

Glucose (mmol/l) 4.70 ± 0.38 4.70 ± 0.41 0.935

HOMA-IR 1.38 ± 0.79 3.06 ± 1.49 <0.001

Cholesterol (mg/dl) 186 ± 27 170 ± 33 <0.001

HDL-C (mg/dl) 54 ± 9.7 46 ± 10 <0.001

LDL-C (mg/dl) 120 ± 22 105 ± 27 <0.001

Triglycerides (mg/dl) 59 ± 18 79 ± 31 <0.001


