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Ghrelin is a 28 amino-residue peptide, produced 
predominantly by the stomach, and was initially 
discovered as an endogenous ligand for the growth 
hormone secretagogue receptor (GHS-R).8 Among 
several other biological functions, ghrelin was found 
to produce positive energy balance by promoting 
food intake9 and decreasing energy expenditure in 
rodents.10 It plays a role in the regulation of energy 
balance and attenuates leptin-induced reduction in 
food intake and body weight. Ghrelin also modulates 
the expression of orexigenic and anorexigenic neuro-
peptides.11,12 Ghrelin levels were found decreased in 
obese individuals,13 with the exception of patients with 
Prader-Willi syndrome,14 and were found elevated in 
anorexia nervosa.15

Ghrelin and leptin levels are also influenced by 
the pubertal stage. Leptin concentrations vary with 
Tanner stage independent of adiposity.16 They are 
higher in females than males at Tanner stages IV and 
V, but not at earlier stages of pubertal development.17 
Ghrelin levels vary from fetal life through early adult-
hood.18 The highest levels of ghrelin are found during 
early postnatal life, when growth hormone begins to 
exert its effects on growth and important changes 
in food intake occur, suggesting that this hormone 
may participate in these processes.18 Prepubertal 
children have higher ghrelin concentrations than 
those in puberty.19

Based on the above data, the present study was 
designed: 1) to compare fasting ghrelin and leptin 

levels between obese and non-obese adolescents, 
and 2) to investigate any correlation between these 
two hormones and body fat (BF %) as well as insulin 
resistance (IR).

patIents and methods

Patients

Twenty obese, insulin resistant (IR) adolescents (13 
females, 7 males), aged (mean±SE) 12.86±1.82 years 
and twenty obese non insulin resistant (NIR) adoles-
cents (10 females, 10 males), aged 12.72±1.87 years, 
with a mean body mass index (BMI) of 30.74±4.53 and 
29.43±3.87, respectively (>97th percentile for age and 
sex),20 were included in the study. Insulin resistance 
(IR) was defined by the Homeostasis Model for the 
Assessment of Insulin Resistance (HOMA-IR)21 as 
a value >3.16 (mean±SE: 4.54±1.32).22

Fifteen healthy non obese adolescents, matched 
for age, (9 females and 6 males, mean age 12.81±1.11 
years), served as the control group (Table 1).

All the participants were screened by medical 
history and physical examination. None of them had 
any chronic disease or was undergoing any phar-
macological treatment. By applying the five-stage 
system described by Tanner and Marshall to assess 
normal pubertal development,23,24 all were found to be 
pubertal. Body weight and height were measured in 
duplicate using a SEGA weighing-scale (SEGA 711) 
and stadiometer (HARPENDEN). Body mass index 

table 1. Anthropometric, hormonal and metabolic features of the adolescents studied: mean ± SD, (range). x2 or Kruskal-Wallis P values.

ObEsE ADOLEscENts cONtrOLs (n=15) P
Ir (n=20) NIr (n=20)

Gender (M/F) 7/13 10/10 9/6 =0.185
Age (years) 12.86±1.82 (10.58-15.83) 12.72±1.87 (10.83-16.00) 12.81±1.11 (11.33-15.08) =0.163

BMI (kg/m2) 30.54±4.73† (23.63-46.00) 29.43±3.87† (21.57-34.52) 19.97±3.14* (15.90-25.80) <0.001

BF % 35.58±6.00† (25.20-47.90) 34.33±5.14† (25.10-42.50) 21.10±7.31* (9.80-32.70) <0.001

Glucose (mg/dl) 4.76±0.54 (4.03-5.70) 4.77±0.59 (3.38-5.90) 4.86±5.72 (3.93-5.58) =0.867

Insulin (μIU/ml) 143.78±41.32†* (89.68-246.82) 64.64±19.01 (23.46-97.58) 59.98±18.72 (30.06-92.55) <0.001

HOMA-IR 4.54±1.32†* (3.16-8.49) 1.80±0.55 (0.72-2.82) 1.79±0.54 (0.98-2.90) <0.001

Leptin (ng/ml) 46.33±28.02† (10.70-121.10) 34.74±17.93† (13.71-86.30) 11.64±6.57* (2.10-24.29) <0.001

Ghrelin (pmol/l) 860.12±289.89†* (376.77-1619.36) 1102.09±366.10† (735.47-1955.76) 1358.47±401.15* (1011.87-2665.12) <0.001

IR: insulin-resistant, NIR: non insulin-resistant; † P<0.05 vs. controls. * P<0.05 vs. NIR obese adolescents. 




