
Adipokines in ultra-marathon	 277

composition and body weight were evaluated using 
a portable apparatus (Tanita, BC-418MA, TANITA 
UK LTD), calculating body fat and total body water, 
via Bioelectrical Impedance Analysis and estimation 
of skin fold of seven different body shapes.

All athletes completed a questionnaire involving 
personal data and training history (age at onset and 
total duration of training, usual weekly intensity of 
training, number of participations in endurance races 
per year).

Blood samples were obtained from forearm veins. 
After centrifugation (3000 rpm for 15 minutes), serum 
samples were stored at -20 oC until the assay.

All hormonal values of the post-exercise and recov-
ery status were corrected for plasma volume changes, 
following the equation suggested by Beaumont.5 This 
equation estimates plasma volume changes based on 
hematocrit measurements.

Assays

Serum resistin levels were measured using a com-
mercial enzyme immunoassay kit (Cat. No DRSN00, 
R&D Systems, Inc. Minneapolis, USA).

Serum leptin levels were measured using a com-
mercial enzyme immunoassay kit (Cat. No DLP00, 
R&D Systems, Inc. Minneapolis, USA).

Serum adiponectin levels were measured using 
a commercial enzyme immunoassay kit (Cat. No 
DRP300, R&D Systems, Inc. Minneapolis, USA).

Serum visfatin levels were measured using a com-
mercial enzyme immunoassay kit (Cat. No EK-003-80, 
Phoenix Pharmaceuticals, Inc. Burlingame, USA).

Serum insulin and cortisol levels were measured 
by electrochemiluminescence quantitation (Elecsys 
2010, Roche Diagnostics, Tokyo, Japan).

The detailed technical characteristics of the cho-
sen assays for each one of the studied hormone are 
presented in Table 2.

Statistics

All statistical procedures were performed using 
SPSS 18.0 for Windows (IBM SPSS Statistics, IBM 
software). Test for normality was done using the 
Kolmogorov-Smirnov test. Anthropometric features 
were expressed as mean ± SD and hormonal values 
as median and interquartile range (25th and 75th).

Bivariate correlations among hormonal features 
and between hormonal and anthropometric features 
were assessed with Pearson product-moment cor-
relation and Spearman’s rank order correlation (for 
normally and non-normally distributed variables, 
respectively). Correlations with a critical value of 

Table 1. Anthropometric characteristics at baseline and post-exercise 
and training history of highly trained ultra-endurance athletes

Parameters

Baseline  
values
(n=17)

Post-exercise 
values
(n=6)

Age (years) 51.3±6.8

Body weight (Kg) 71.7±6.2 68.8±7.2a

BMI (Kg/m2) 23.5±1.9 22.4±0.8a

Body fat (%) 15.4±3. 7 13.5±3.1

Body fat mass (Kg) 11.1±3.2 9.3±2.4a

Duration of training (years) 18.5±12.3

Intensity of training (hours/week) 10.2±4.5

Competitions per year 6.6±6

Values are expressed as mean± SD
a: p<0.05 vs. baseline values.

Table 2. Technical characteristics of the chosen assays for each one of the studied hormones

Hormone Method Detection limit Intra-assay precision (CV %) Inter-assay precision (CV %)

Resistin ELISA 0.026 ng/ml <3.8 <7.8

Leptin ELISA 7.8 pg/ml <3 <3.5

Adiponectin ELISA 0.246 ng/ml <2.5 <5.8

Visfatin ELISA 2.25 ng/ml <10 <15

Insulin ECLIA quantitation 0.2 μU/ml <1.5 <4.1

Cortisol ECLIA quantitation 0.018 μg/dl <1.5 <2.1

ELISA: Enzyme-linked immunosorbent assay, ECLIA: Electrochemiluminescence immunoassay.




