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Abstract 
We examined the leptin response and related hormones during 
and after two sub-maximal exercise protocols in trained and 
untrained subjects. During this study, plasma concentrations of 
leptin [Lep], insulin [I], cortisol [C], growth hormone [GH], 
glucose [G] and lactate [La] were measured. 7 elite volleyball 
trained players (TR) and 7 untrained (UTR) subjects (percent 
body fat: 13.2 ± 1.8 versus 15.7 ± 1.0, p < 0.01, respectively) 
were examined after short and prolonged sub-maximal cycling 
exercise protocols (SP and PP). Venous blood samples were 
collected before each protocol, during, at the end, and after 2 
and 24 h of recovery. SP and PP energy expenditures ranged 
from 470 ± 60 to 740 ± 90 kcal for TR and from 450 ± 60 to 710 
± 90 kcal for UTR, respectively. [Lep] was related to body fat 
percentage and body fat mass in TR (r = 0.84, p < 0.05 and r = 
0.93, p < 0.01) and in UTR (r = 0.89, p < 0.01 and r = 0.92, p < 
0.01, respectively). [Lep] did not change significantly during 
both protocols for both groups but was lower (p < 0.05) in all 
sampling in TR when compared to UTR. Plasma [I] decreased 
(p < 0.01) and [GH] increased (p < 0.01) significantly during 
both SP and PP and these hormones remained lower (I: p < 0.01) 
and higher (GH: p < 0.01) than pre-exercise levels after a 2-h 
recovery period, returning to base-line at 24-h recovery. Plasma 
[La] increased (p < 0.01) during both protocols for TR and UTR. 
There was no significant change in [C] and [G] during and after 
both protocols for all subjects. It is concluded that 1) leptin is 
not sensitive to acute short or prolonged sub-maximal exercises 
(with energy expenditure under 800 kcal) in volleyball/ 
anaerobically trained athletes as in untrained subjects, 2) 
volleyball athletes showed significantly lower resting and exer-
cise leptin response with respect to untrained subjects and 3) it 
appears that in these anaerobically trained athletes leptin 
response to exercise is more sensitive to the level of energy 
expenditure than hormonal or metabolic modifications induced 
by acute exercise.  
Key words:  Hormones, anaerobic training, acute exercise, body 
fat.  

 
 
Introduction 
 
Leptin is an hormone mainly secreted in the adipocytes. It 
mediates body mass and body fat mass through the energy 
balance, itself controlled by satiety and energy intake 
(Campfield et al., 1995; Zhang et al., 1994). Leptin acts as 
a peripheral signal informing the central nervous system 

of changes in the amount of adipose tissue in the body 
(Flier, 1998). Therefore, it has become of interest to ex-
amine whether physical exercise, through its disruptive 
effects on energy balance, sympathoadrenal drive, hor-
monal and metabolic changes may affect leptin concentra-
tions (Zafeiridis et al., 2003). 

The impact of acute exercise on leptin secretion is 
a subject of controversy. Differences have been evidenced 
due to the population investigated (men, women, trained, 
untrained), the exercise protocol (duration, intensity) and 
nutritional state (fasting or not) (Desgorces et al., 2004).  

The response of plasma leptin concentration to a 
single bout of exercise performed by trained populations 
is limited and the reordered studies have focused on indi-
vidual sport athletes, such us, running, swimming or 
rowing (Desgorces et al., 2004; Karamouzis et al., 2002; 
Leal-Cerro et al., 1998). In that context, leptin has been 
shown to be unchanged in rowers (Jurimae et al., 2005) 
and in long distance runners (Hickey et al., 1996; 
Zaccaria et al., 2002), after a 6 km maximal rowing 
exercise (Jurimae et al., 2005) and prolonged run, 
respectively (Hickey et al., 1996; Zaccaria et al., 2002). In 
contrast, Leptin decreases after acute heavy rowing 
exercise Desgorces et al., 2004; Jurimae and Jurimae, 
2005; Jurimae et al., 2006a; 2006b), after marathon 
swimming (Karamouzis et al. 2002) and after marathon 
running (Leal-Cerro et al. 1998; Zaccaria et al., 2002).  

The impact of aerobic training on leptin secretion 
is a subject of controversy. Indeed, leptin has been shown 
to be either unchanged in elite endurance runners (Ishi-
gaki et al., 2005) and in adolescent female runners 
(Kraemer et al., 2001) or decreased in elite young male 
athletes from different sport branches (Unal et al., 2005b) 
and in highly trained male rowers after training (Jurimae 
et al., 2003). These decreases have been described either 
without any changes in body fat content (Jurimae et al., 
2003) or with a reduction in body fat content with training 
(Unal et al., 2005b). Nevertheless, little observation was 
made in anaerobically trained subjects (Fatouros et al, 
2005) although anaerobic exercise induces marked hor-
monal and metabolic changes (Burleson et al., 1998) like 
acidosis, and altered carbohydrate metabolism (Mueller et 
al., 2000). In this context, volleyball has been described 
as an 'interval' sport with both anaerobic and aerobic 
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components (Smith et al., 1992) with an essential signifi-
cant demand on anaerobic/strength efforts (Bompa, 1999). 

Thus, the purpose of this study was to investigate 
leptin response in anaerobically trained elite volleyball 
players after short-term and long-term acute exercises, 
comparing them to a control group of untrained subjects. 
 
Methods 
 
Subjects 
Subjects group of 14 healthy males participated in this 
study. Seven were volleyball elite players mainly 
anaerobically trained (TR). Indeed, their fitness training 
was essentially composed of pliometric and weight train-
ing. Their training duration was on average of 14 h·week-1 
for more than 7 years. They were compared to a control 
group of 7 untrained males (UTR). The subjects’ physical 
characteristics are shown in Table 1. None of them 
smoked or drank alcohol or was taking any medication at 
the time of the experiment. Informed consent was ob-
tained from all subjects and the study protocol that was in 
accordance with the principles of the Declaration of Hel-
sinki 1964, was approved by the Tunisian Committee for 
Human Protection in Biomedical Research. 

 
Experimental design 
Before the protocols took place, each subject was submit-
ted to the following tests:  

1- Anthropometric evaluation: body mass and 
height were determined by using standard physician’s 
scales. Skin-fold thickness was measured by the sum of 
four different skin folds (biceps, triceps, sub-scapula, and 
supra-iliac) measured on the right side of the body with 
Holtain Callipers. On average, three independent meas-
ures were taken of each fold. If the second measure was 
not within 5 % of the first, subsequent folds were taken 
until two folds within 5 % were recorded. Then the mean 
of these two values was kept for analysis. The percentage 
of body fat was estimated with the equation of Siri, 
(1956) and the fat mass was determined using the formula 
of McArdle et al. (2001): Fat mass(kg) = (weight 
(kg)*%fat)/100.  

2- Maximal graded test: peak aerobic power (PAP) 
was determined on a calibrated cycle ergometer (Kettler 
CX1, Germany). The test consisted of a 3-min warm-up 
followed by increments in power output of one minute at 
60 rpm until exhaustion. The loads during warm-up and 
increments were individually adjusted by taking into 
account the age and the body mass of each subject 
(Wasserman et al., 1987). The power was considered 
maximal, at exhaustion, when both following criteria 
were   achieved:  inability of  the  subject to  maintain  the  

required pedaling frequency; attainment of age-predicted 
maximal heart rate (HRmax) = 210-(0.65 x age) ± 5% 
(Jones and Campbell, 1982) measured with a cardio-
frequency-meter (Polar S810, Kempele, Finland).  
 
Exercise sessions 
Two protocols were carried out with a 7-day interval for 
each subject. A standardized breakfast (500 kcal) was 
taken (07:30 a.m) at the laboratory (the last meal taken by 
the subjects was towards 8:00 p.m and no other food or 
drink was taken until breakfast).  Then the subjects re-
mained seated until pre-exercise blood sampling (08:30 
a.m) and exercise (09:00 a.m). The experiment was de-
signed as follows:  

Short Protocol (SP) (45 min): 3 min warm-up fol-
lowed by two periods of cycling exercise of 21 min each 
at 70% and 85% of PAP, respectively, with 40 min pas-
sive recovery in-between. 

Prolonged Protocol (PP) (85 min): a similar 
warm-up and cycling exercises but with a 40 min at 30% 
of PAP (active recovery) between the two periods of 
exercise. Only 6 untrained subjects participated in PP. 

To maintain optimal hydration, the subjects drank 
four times the amount of 200 ml of water every 30 min: 
just before, during and after the exercise (Péronnet, 1988). 
The order of the protocols was randomized. 
 
Energy expenditure  
After completion of SP and PP, energy expenditure was 
precisely calculated using the equations of McArdle et al. 
(2001).  
 
Blood analysis  
Blood samples were collected by vene-puncture on 6 
occasions: before the protocol (at 08:30 a.m, pre-exercise 
control value, S1), at the end of the first exercise (24 min, 
S2), at the end of recovery period (64 min, S3), at the end 
of the second exercise (85 min, S4), after 2 hours (S5) and 
after 24 h of recovery (S6). No exercise was allowed 24-h 
preceding protocols and during the 24-h period of recov-
ery post protocols. Plasma leptin concentration was meas-
ured by an immunoradiometric assay (Diagnostic system 
laboratories, U.S.A) (intra-assay coefficient of variation 
CV was 2.6% and interassay CV was 3.7%). Plasma insu-
lin concentration was determined by an immunoradiomet-
ric method (Immunotech, France, intra-assay CV was 
3.3% and interassay CV was 4.8%). Plasma cortisol con-
centration was estimated by a radioimmunoassay method 
(Immunotech, France, intra-assay CV was 2.8% and in-
terassay CV was 5.3%). Plasma growth hormone concen-
tration was measured by an immunoradiometric assay 
(Immunotech, France, intra-assay CV was 1.9% and

 
                              Table 1. Physical characteristics of subjects. Data are means (±SD).  

 Trained  (TR) (n = 7) Untrained (UTR) (n = 7) 
Age (years) 22.1 (2.5) 26.5 (3.8) ** 
Body mass (kg) 89.7 (10.6) 85.0 (10.9) * 
Height (m) 1.92 (.04) 1.80 (.04) ** 
Body fat (%) 13.2 (1.8) 15.8 (1.1) ** 
Fat mass (kg) 11.91 (1.87) 13.38 (2.39) 
BMI (kg·m-2) 24.1 (2.4) 26.3 (2.8) * 
PAP  (W) 308.1 (24.5) 258.5 (27.8) ** 

                                   BMI: Body Mass Index; PAP: Peak aerobic power.* p < 0.05; ** p < 0.01 TR vs UTR. 
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Figure 1. Mean ± SD changes in plasma leptin concentrations during the two cycling protocols (SP and PP) in un-
trained (UTR) and trained (TR) subjects. SP (45 min): 3 min at 25% of PAP - 21 min at 70% of PAP - 40 min rest - 21 min at 85% of 
PAP; PP (85 min): 3 min at 25% of PAP - 21 min at 70% - 40 min at 30% of PAP - 21 min at 85% of PAP; CV: Control Value; PAP: Peak 
Aerobic Power; S: Sample. * P < 0.05 TR vs UTR during the respective protocol.. 

 
interassay CV was 13.1%). Plasma glucose and lactate 
were determined by using an enzymatic method (kit Ran-
dox, UK).  
 
Statistical analysis  
ANOVA with repeated measures was performed: 2 (pro-
tocol) x 2 (group) x 6 (time). When this analysis revealed 
significant differences a paired Student t-test was used to 
identify significant changes between S1 to S6 and a non-
paired Student t-test was used to locate where significant 
differences existed between trained and untrained sub-
jects. Correlations of leptin to percent body fat, fat mass, 
insulin, cortisol, growth hormone and lactate were per-
formed using the Pearson’s method. P < 0.05 was consid-
ered statistically significant. 
 
Results 
 
Energy expenditure 
For SP, energy expenditure was of 469.3 ± 58.2 kcal for 
TR and 450.7 ± 58.3 kcal for UTR (p = 0.55) while for 
PP, energy expenditure was of 740 ± 90 kcal for TR and 
710 ± 90 kcal for UTR (p = 0.56). 
 
Hormonal and metabolic modifications 
Leptin concentrations did not significantly change during 
SP and PP and, neither during recovery in both groups 
(Figure 1). GH concentrations increased and insulin de-
creased significantly (p < 0.01) during SP and PP with 
respectively a peak and a dip at the end of the second 
exercise (S4) (Table 2). After 2 hours of recovery, insulin 
and GH remained significantly lower (p < 0.01) and 

higher (p < 0.01) with respect to pre-exercise and reverted 
close to the control values after 24 h of recovery (Table 
2). As shown in Table 2, lactate concentrations increased 
significantly (p < 0.01) during and after the completion of 
both protocols in TR and UTR, returning to control values 
after 2 hours recovery (Table 2). There was no significant 
change in plasma concentrations of cortisol and glucose 
during and after both protocols for both groups (Table 2). 
Comparison between TR and UTR  
TR subjects had a lower percent of body fat (p < 0.01) 
and BMI (p < 0.05) although they had a higher body mass 
(p < 0.05) and height (p < 0.01) (Table 1). TR had lower 
leptin (p < 0.05) and lactate (p < 0.05 and p < 0.01) con-
centrations than untrained (Figures 1 and Table 2). At 
rest, on average, leptin and lactate were significantly 
lower for TR than for UTR (5.81 ± 3.87 vs 9.20 ± 5.88 
ng·mL-1, p < 0.05 for leptin and 1.8 ± 0.4 vs 2.6 ± 0.6 
mmol·L-1, p < 0.05 for lactate) (Figure 1 and Table 2). 
 
Correlations 
In the two groups, leptin was significantly related to per-
cent body fat (r = 0.84, p < 0.05 for TR and r = 0.92, p < 
0.01 for UTR) and to body fat mass (r = 0.92, p < 0.01 for 
TR and r = 0.81, p < 0.05 for UTR. Leptin was not corre-
lated to other parameters. 
 
Discussion 
 
The main findings of the present study were that: 1) leptin 
is not sensitive to acute short or prolonged sub-maximal 
exercises  (with  energy   expenditure  under  800-kcal)  in 
elite volleyball players as in untrained subjects, and 2) the 
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Table 2. Mean (±SD) changes in plasma cortisol, insulin, growth hormone and lactate concentrations during the two proto-
cols (SP and PP) in trained (TR) and untrained (UTR) subjects.  

Variable Control value 
(S1) 

24 min 
(S2) 

64 min 
(S3) 

85 min 
(S4) 

2h 85 min 
(S5) 

24 h 
(S6) 

Cortisol (nmol·L-1)       
SP TR 500 (136) 521 (152) 491 (170) 515 (179) 479 (170) 521 (158) 
PP TR 512 (164) 530 (176) 494 (148) 524 (136) 485 (127) 503 (155) 
SP UTR 479 (155) 491 (182) 458 (179) 485 (161) 479 (152) 500 (124) 
PP UTR 494 (133) 518 (182) 482 (142) 476 (176) 476 (130) 491 (136) 
Insulin (UI·mL-1)       
SP TR 13.1 (4.2) 5.8 (2.8) ** 6.5 (2.6) ** 4.6 (2.5) ** 8.2 (3.4) ** 12.0 (4.4) 
PP TR 13.0 (4.5) 4.5 (3.1) ** 4.6 (2.1) ** 4.0 (3.2) ** 7.9 (3.6) ** 12.5 (4.3) 
SP UTR 15.2 (4.1) 4.1 (2.3) ** 6.3 (2.0) ** 3.2 (1.4) ** 6.0 (3.5) ** 13.9 (4.5) 
PP UTR 15.4 (4.3) 3.8 (2.4) ** 3.6 (2.2) **  2.6 (1.6) ** 5.4 (3.1) ** 13.7 (3.1) 
Growth hormone (ng·mL-1)       
SP TR .73 (.12) 2.83 (1.26) ** 1.52 (.94) ** 4.4 (2.5) ** 1.84 (.96) ** .33 (.15) 
PP TR .62 (.14) 2.28 (1.44) ** 1.83 (.74) ** 3.6 (2.7) ** 1.76 (.84) ** .32 (.10) 
SP UTR .63 (.16) 2.18 (.91) ** 1.37 (.84) ** 4.6 (1.5) ** 1.68 (.52) ** .41 (.09) 
PP UTR .76 (.17) 1.78 (1.04) ** 1.96 (.90) ** 4.6 (2.1) ** 1.92 (.60) ** .48 (.18) 
Lactate (mmol·l-1)       
SP TR 1.8 (.5) †† 6.1 (2.0) ** 4.5 (.8) ** 7.1 (.8) **† 1.9 (1.2) 1.9 (.5) 
PP TR 1.9 (.4) † 5.7 (1.5) **† 3.4 (1.4) ** 6.3 (1.4) **† 1.9 (1.0) 1.8 (.5) † 
SP UTR 2.7 (.6) 7.3 (2.0) ** 4.3 (1.3) ** 8.7 (1.3) ** 2.8 (.6) 2.2 (.4) 
PP UTR 2.6 (.6) 7.6 (1.6) ** 3.3 (.4) ** 8.0 (1.4) ** 2.6 (.5) 2.8 (.8) 
Glucose (mmol·l-1)       
SP TR 4.70 (1.38) 4.38 (1.53) 4.60 (1.56) 4.34 (1.45) 4.49 (1.24) 4.66 (1.69) 
PP TR 4.62 (1.75) 4.23 (1.23) 4.53 (1.53) 4.74 (1.55) 4.66 (1.50) 4.44 (1.12) 
SP UTR 4.55 (1.52) 4.33 (1.50) 4.98 (1.43) 4.73 (1.33) 5.01 (1.28) 4.70 (1.54) 
PP UTR 4.21 (1.28) 4.26 (1.44) 4.83 (1.23) 4.87 (1.26) 5.08 (1.16) 4.75 (1.20) 
SP (45 min): 3 min at 25% of PAP - 21 min at 70% of PAP - 40 min rest - 21 at 85% of PAP; PP (85 min): 3 min at 25% of PAP - 21 
min at 70% - 40 min at 30% of PAP - 21 at 85% of PAP; CV: Control Value; PAP: Peak Aerobic Power; S: Sample. ** p  < 0.01 S1 
vs other sampling; † p < 0.05, †† p < 0.01 TR vs UTR during the respective protocol. 

 
volleyball anaerobically trained players had decreased 
leptin concentrations at rest and during exercise when 
compared to the untrained subjects. 

The present discussion will only focus on acute 
exercise studies performed by trained subjects. Hickey et 
al., (1996) and Jurimae et al. (2005) showed that leptin 
did not change significantly after a 20-mile run at 70% of 
VO2max in male runners and after a maximal 6,000-m 
rowing in highly trained male rowers. In contrast, leptin 
concentrations significantly decreased following 1) 25-km 
sea swimming competition in male long-distance swim-
mers (Karamouzis et al.,  2002), 2) 30-min maximal row-
ing in college level male rowers (Jurimae and Jurimae, 
2005), 3) an ultra-marathon in trained runners (Zaccaria et 
al., 2002), 4) 2-km maximal sculling in elite rowers 
(Jurimae et al., 2006a), 5) a marathon in non-professional 
long distance runners (Leal-Cerro et al., 1998), 6) 6.5 km 
rowing at the individual anaerobic threshold in college 
level male rowers (Jurimae et al., 2006b), and 7) 90-min 
rowing at 70-75% of VO2max in trained rowers (Desgorces 
et al., 2004). The present study showed that as for un-
trained subjects, leptin was unaltered in volley-ball 
trained athletes for the sub-maximal exercises performed. 
Although, the energy expenditure (EE) level of 740 kcal 
in the present study (highest level of EE observed) did not 
significantly alter leptin concentration, both acute sub-
maximal exercises were accompanied by changes in insu-
lin, growth hormone, and lactate concentrations. In this 
context, it has been suggested that Leptin secretion may 
be influenced by hormonal and metabolic changes in-
duced by physical exercise (Desgorces et al., 2004; Go-
mez-Merino et al., 2002). Indeed, the observed decreases 

in leptin concentrations by other studies were accompa-
nied by hypoinsulinemia (Desgorces et al., 2004; Jurimae 
et al., 2006a; 2006b) and increased: growth hormone 
(Jurimae and jurimae 2005; Jurimae et al., 2006a), glyc-
erol (Karamouzis et al., 2002), cortisol (Jurimae et al., 
2006a), FFA (Karamouzis et al., 2002, Zaccaria et al., 
2002) and neuropeptide Y(NPY) (Karamouzis et al., 
2002) concentrations. The present study shows that for 
the sub-maximal exercises performed with energy expen-
diture lower than 800 kcal, it is possible to observe hor-
monal and metabolic changes without concomitant 
changes in plasma leptin.  

In the present study, leptin cortisol, insulin, GH 
and glucose responses were similar between the SP and 
PP. Furthermore, the PP was the most stressful, as indi-
cated by the highest lactate levels. It has been shown, that 
acidosis can decrease leptin secretion from cultured adi-
pocytes (Teta et al., 2003). It may be that the rise in lac-
tate secondary to the PP was not a sufficient stimulus to 
alter leptin response. Another possible explanation for the 
lack of differences in plasma leptin decline after the PP is 
the prevailing theory of delayed leptin responses after 
physical activity. Previous studies that studied running 
and rowing exercise in healthy and trained men have 
reported delayed leptin reduction at 30 minutes (Jurimae 
et al., 2006a; 2006b), 9-13 hours (Nindl et al., 2002) and 
48 hours (Olive and Miller., 2001) after exercise. 

The difference of difference in leptin response 
could be explained by the level of energy expenditure of 
the exercise tasks performed by the subjects. Indeed, a 
800 kcal level of energy expenditure has been proposed to 
be a threshold for the decrease of leptin secretion (Bouas-
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sida et al., 2006; Kraemer et al., 2002) and, secondly, the 
amount of muscle tissue used during the acute exercise 
could also influence the leptin response (Jurimae and 
Jurimae 2005; Jurimae at al., 2006b). However, these two 
hypotheses can be discussed. On one hand, Zaccaria et al. 
(2002) showed that a half-marathon at 1400-kcal EE did 
not modify leptin concentrations and Zafeiridis et al., 
(2003) demonstrated that resistance exercise protocols 
designed for development of maximum strength, muscu-
lar hypertrophy and strength endurance (mainly anaerobic 
exercise) at relatively low levels of energy expenditure 
(213.19 ± 6.8, 314.86 ± 71.1, and 327.58 ± 12.8 kcal) 
decreased leptin levels. On the other hand, Jurimae et al., 
(2005) demonstrated stable leptin after acute heavy row-
ing exercise. 

The present study shows that in spite of hormonal 
and metabolic modifications, energy expended during the 
85 min prolonged sub-maximal exercise seems to be 
insufficient to cause significant changes in leptin concen-
trations in elite volleyball players as in untrained subjects. 
Kyriazis et al., (2007) and Weltman et al., (2000) showed 
that leptin was not altered after 60 min and 30 min exer-
cises with lower energy expenditure than ∼600 kcal (567 
± 25 kcal) and (150 ± 11, 271 ± 23, 364 ± 28 and 529 ± 
45 kcal), respectively. In contrast, Nindl et al., (2002) 
observed a decrease of leptin after a 856 ± 114 kcal of 
anaerobic work (50 total sets of squat, bench press, leg 
press and lat pull-down) and Olive and Miller (2001) 
observed a leptin decrease after a 883 ± 14 kcal aerobic 
run (60 min at 70% of maximal oxygen consumption 
“VO2max”). The 800-kcal threshold observed by the major-
ity of studies investigating leptin response to exercise 
seems thus to be applicable not only in untrained but also 
in volleyball players, since the present study exercises 
performed (under the 800-kcal level) failed to cause a 
decrease in leptin concentration. It has to be mentioned 
that Volley-ball training is a mix of aerobic and anaerobic 
training, but that the investigated players mainly focused 
on preponderantly anaerobic training (force and pliomet-
rics) in their fitness training. It is thus shown that even in 
anaerobically trained athletes, at least the threshold of 
800-kcal of energy expenditure seems to be applicable to 
obtain significant decreases of leptin concentration at 
exercise. Nevertheless, this has to be confirmed by subse-
quent studies with energy expenditures higher than 800-
kcal. It could be postulated that this level of energy ex-
penditure may be necessary to elicit an, as of yet, uniden-
tified neural or hormonal signal that depresses leptin 
synthesis. Alternatively, mobilization of non-esterified 
fatty acids from adipose tissue for use as an energy sub-
strate may be a controlling factor in leptin levels, consis-
tent with results from van Aggel-Leijssen et al. (1999). 
Additional research would help determine the level of 
energy expenditure or metabolic response from the exer-
cise that alters plasma leptin. This information could be 
valuable in understanding mechanisms underlying its 
control and consequential effects on energy balance in the 
body (Olive and Miller, 2001). It remains unknown how 
energy availability, sympathetic stimulation, and metabo-
lites and hormones that down- and upregulate leptin con-
centration may interact to modulate leptin  concentrations  
(Zafeiridis et al., 2003). 

A significant correlation in each group was ob-
served for leptin with percent body fat and with fat mass. 
Similarly, other investigators demonstrated that resting 
leptin levels were strongly related to fat mass in aerobi-
cally trained athletes (Hickey et al., 1996, Jurimae et al., 
2006a; Leal-Cerro et al., 1998). Lower body fat mass was 
mediated by leptin and a direct relationship between 
leptin and body fat composition was found in both 
groups. These data confirmed the studies in which leptin 
is lower in trained with respect to untrained subjects, e.g. 
professional football players trained for at least five years 
(Unal et al., 2005b), marathon runners trained at high 
level (Leal-Cerro et al., 1998) and athletes trained for at 
least 2 years (Unal et al., 2005a). In untrained or less 
trained subjects, short exercise training periods have 
shown the same effect on leptin secretion. For example, 
resting leptin levels decreased after 1) 3-weeks of military 
training preceded by a 5-day aerobic military walk of 25-
35 km (during the five days) (Gomez-Merino et al., 
2002). after 2) 12-weeks of an aerobic cycling exercise 
program e.g. 5 d.wk-1 at 50% of maximal oxygen uptake 
during 45 min, performed by 25 obese sedentary women 
(Polak et al., 2006) and after 3) a 6-month anaerobic train-
ing program (3 d.wk-1, 10 strength exercises/three sets per 
session) in 50 inactive men (Fatouros et al., 2005). These 
decreases were associated with a parallel decline in body 
fat (Fatouros et al., 2005; Polak et al., 2006). Neverthe-
less, the decrease in resting leptin concentration may also 
occur without any decrease in fat mass. Indeed, Ishii et 
al., (2001) showed a reduction in leptinemia after 6-weeks 
of an aerobic training in type-2 diabetic subjects and this 
decrease was independent of the changes in fat mass. The 
present study lower resting and exercising leptinemia 
observed in the Volley-ball players with respect to the 
untrained subjects could be due to their lower body fat 
mass. Thus it appears here that independently of the type 
of training, mainly aerobic or mixed aerobic with an im-
portant component of anaerobic training, the resulting 
lower body fat mass induces lower resting and exercising 
leptin levels.  

 
Conclusion 
 
It is concluded that the present data indicate that plasma 
leptin concentration is not sensitive to acute short or pro-
longed exercise (under 800-kcal of energy expenditure) in 
elite volleyball players. In addition, plasma leptin concen-
tration was lower in volleyball/anaerobically trained ath-
letes with respect to untrained subjects. It appears that 
leptin is more sensitive to energy expenditure than hor-
monal or metabolic modifications induced by acute exer-
cise (hypoinsulinemia, hypersecretion of growth hormone 
and hyperlactatemia) in anaerobically trained athletes as 
in aerobically trained athletes as shown by past studies.   
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Key points 
 
 Trials concerning acute exercise and leptin indi-

cated discrepant results. 
 Acute exercise with energy expenditure higher than 

800 kcal can decrease leptinemia. 
 Elite volleyball players presented decreased leptin 

levels than untrained subjects. 
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