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Abstract

OBJECTIVE: To evaluate the effect of prolonged intensive aerobic exercise and acute energy 
deficit (180 km ultra-marathon race) on serum leptin, adiponectin, resistin and visfatin levels 
and their association and interaction with serum cortisol and insulin levels in highly trained 
ultra-endurance runners. DESIGN: The study included 17 highly trained ultra-endurance male 
athletes (mean age 51.29±6.84 years and body mass index (ΒΜΙ) 23.51±1.90) participating 
in the 5th Olympian Race held in Greece on May 2010. Anthropometric values were assessed; 
Serum cortisol, insulin, leptin, adiponectin, resistin and visfatin levels were measured at base-
line, post-exercise and ~20 hours after the end of the race. RESULTS: All hormonal values of 
the post-exercise and recovery status were corrected for plasma volume changes. The estimated 
energy deficit during the ultra-endurance event was about 5000 Kcal. At the end of the race 
serum resistin levels were elevated (p<0.001) and serum leptin levels were reduced (p<0.001) 
and failed to reach pre-exercise levels, although showing a tendency towards restoration. No 
significant changes were noted in serum adiponectin and visfatin levels. CONCLUSIONS: 
Ultra-endurance aerobic exercise and acute negative energy balance lead to an up-regulation 
of serum resistin levels and a down-regulation of serum leptin levels.
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Introduction

Physical exercise represents a powerful stimulus 
to homeostasis, disturbs the energy balance, triggers 
metabolic changes and activates regulatory responses, 
establishing a new dynamic equilibrium. The main-
tenance of homeostasis involves adaptive changes in 
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central and peripheral regulatory mechanisms, a new 
steady state of glucoregulatory mechanisms, activation 
of the hypothalamic-pituitary-adrenal (HPA) axis 
and changes of the secretory role of adipose tissue. 
The hormonal and metabolic response depends on 
the intensity, the duration, the type of exercise and 
the individual training status.1

Attention is being increasingly focused on the 
role of adipose tissue as an active endocrine organ 
releasing a number of adipocyte-specific factors 
known as adipokines. Adipokines are involved in 
glucose homeostasis, energy balance, insulin action, 
reproductive function and inflammation process.2

Specifically, leptin is involved in the regulation 
of food intake, energy expenditure and insulin re-
sistance (IR).2 Adiponectin is secreted exclusively 
from adipose tissue and is detected at high levels in 
serum, while also being involved in metabolism, IR, 
cardiovascular protection and inflammatory process.2 
Visfatin is expressed in a variety of cell types and tis-
sues, including adipose tissue, and is regarded as a 
novel insulin-mimetic, fat-secreted regulatory factor 
involved in pro-inflammatory and immunomodulat-
ing processes.3 Finally, resistin has been described as 
a product of the adipose tissue, participating in the 
pathogenesis of IR, adipogenesis and inflammation.2 

The influence of prolonged intensive aerobic 
exercise has been studied in regard to serum leptin 
response and regulation,4 while no data exist regarding 
the homeostasis of adiponectin, visfatin and resistin 
during strenuous exercise of long duration.

The aim of the present study was to evaluate the ef-
fect of prolonged intensive aerobic exercise and acute 
energy deficit (ultra-marathon endurance race of 180 
km distance) on serum leptin, adiponectin, resistin 
and visfatin levels. Moreover, the study attempted to 
assess the association of the specific adipokines with 
serum cortisol and insulin levels in highly trained 
marathon runners, considering the reported data 
on their relationship with stress response and insulin 
resistance.2,3 Finally, the results of this study aimed at 
providing further evidence on the role of the specific 
adipokines in energy homeostasis and the response 
to exercise stress.

Materials and methods

The present study included 17 highly trained ultra-
marathon endurance male athletes participating in 
the 5th Olympian Race held in Greece on 28 and 29 of 
May, 2010. The Olympian Race is an ultra-marathon 
endurance race (180 km of continuous running) held 
every two years in Greece. The goal of the participants 
is to complete the race within the 28-hour time limit. 
The race starts on Friday at 1430 hrs in the Ancient 
Stadium of Nemea and successful competitors reach 
the Ancient Stadium of Olympia on Saturday no later 
than at 1830 hrs. 

The trail races have special rules and specifica-
tions and comprise the largest possible part of the 
route on roads and paths over mountainous terrain 
and the fewest possible paths on tar roads. The ath-
letes have free access to food and drink (including 
carbohydrate-rich foods and drinks) at 20 checkpoints 
throughout the race.

Sixty (60) ultra-endurance athletes participated 
in the 5th Olympian Road. All of them were invited 
to be enrolled in the study, but only 25 agreed to 
participate. Among the 60 athletes who started the 
race, only 40 managed to reach the finishing point 
within the acceptable time period of 28 hrs and 17 of 
these were participants of the present study. 

All athletes participated voluntarily in every part 
of the study, providing samples or data for each of 
the variables measured and informed consent was 
obtained. The anthropometric features and the train-
ing history of the participants are shown in Table 1. 

The athletes were evaluated three times: on the 
morning of the race (baseline values, at 0800hrs 
before breakfast - fasting samples), at the finishing 
line (post-exercise values, around 1500 hrs, within a 
few minutes after the end of the running race – non-
fasting samples) and on the next morning (recovery 
values, at 08:00hrs before breakfast, within 17-22 hrs 
after the end of the race - fasting samples).

The study protocol included noninvasive clinical 
and laboratory investigations as well as the completion 
of a questionnaire. The clinical evaluation included 
height and weight measurements. Height was assessed 
with a Martin-type anthropometer and was recorded 
as the mean of two consecutive measurements. Body 
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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.
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p<0.05 were considered significant. Stepwise linear 
regression analysis was used to ascertain the independ-
ent predictive value and impact of each parameter 
proved to significantly correlate.

Comparison between baseline, post-exercise 
and recovery hormonal values was performed with 
repeated-measures one-way analysis of variance 
(ANOVA) for normally distributed variables and 
with the Friedman test for non-normally distributed 
variables. Bonferroni adjustment for multiple com-
parisons was applied. Comparison between baseline 
and post-exercise features regarding body composition 
was performed using the paired-samples t-test. Two-
tailed statistical significance was set at 5%.

Results

Changes in anthropometric values

The anthropometric features were assessed at 
baseline for all 17 participants and at the end of the 
race for 6 of them (Table 1). The comparison showed 
a significant reduction in BMI, body weight and body 
fat mass (p<0.001, p<0.001 and p<0.05, respectively) 
and a marginal, but not significant, reduction in body 
fat percentage (p=0.082).

Changes in hormonal values  
(comparison among baseline, post-exercise  
and recovery values)

At the end of the 180 km race resistin levels were 
significantly higher compared to baseline values (Table 
3, p<0.001). At the recovery phase resistin levels were 
reduced compared to post-exercise levels (Table 3, 
p<0.05), but remained significantly higher compared 
to baseline values (Table 3, p<0.05). 

Furthermore, at the end of the 180 km race leptin 
levels were significantly lower compared to baseline 
values (Table 3, p<0.001). If leptin values are ex-
pressed as the ratio per kilogram (kg) of body fat 
(leptin/kg of body fat), a significant reduction at the 
end of the race is documented as well (p<0.001). At 
the recovery phase serum leptin levels were higher 
compared to post-exercise levels (Table 3, p<0.001), 
but remained significantly lower compared to baseline 
values (Table 3, p<0.001).

No differences were documented between baseline 

and post-exercise serum adiponectin and visfatin 
levels (Table 3). At the recovery phase, although 
adiponectin levels were lower compared to the post-
exercise values (Table 3, p<0.05), no difference was 
documented in comparison to the baseline values. 

In addition, post-exercise cortisol levels were sig-
nificantly higher compared to baseline values (Table 3, 
p<0.001). At the recovery phase serum cortisol levels 
were lower compared to post-exercise levels (Table 3, 
p<0.001) and returned to baseline levels (Table 3).

Finally, post-exercise insulin levels were signifi-
cantly reduced compared to baseline values (Table 
3, p<0.05). At the recovery phase, insulin levels were 
higher compared to post-exercise levels (Table 3, 
p<0.05) and returned to baseline levels (Table 3).

Correlations

Correlations between anthropometric features 
and hormonal values at baseline

Baseline leptin levels were positively correlated 
with BMI (r=0.519, p=0.029) and body fat mass 
(r=0.534, p=0.027), while a marginal but not signifi-
cant positive correlation was documented between 
serum leptin levels and body fat percentage (r=0.447, 
p=0.072). 

Table 3. Hormonal features of participants at baseline, post-exercise 
and at recovery*

Baseline
(n=17)

Post-exercise
(n=17)

Recovery
(n=17)

Resistin
(ng/ml)

7
5.6  8.6

77.9a

10.7  92.1
16.1a,b

19.0 75.3

Leptin
(ng/ml)

1.6
1  2

0.2a

0.1  0.3
0.7a,b

0.4  1.3

Adiponectin
(μg/ml)

8.1
4.6  12.4

8.2
5.8  12.5

7.8b

5.1  10.3

Visfatin
(ng/ml)

30.9
26.5  44

32.8
26  38.7

35.9
30.3  42.5

Cortisol
(μg/dl)

17.6
15.2  20.4

39.77a

26.3 48.9
19.20b

17.9  25.6

Insulin
(μIU/ml)

5.1
4.1  17.1

2.3a

1.5  4.2
7.5 b

3.2  32.4

*Hormonal values are expressed as median and interquartile 
range (25th-75th).
a: p<0.05 vs. baseline value, b: p<0.05 vs. post-exercise value 
Bonferroni adjustment for multiple comparisons was applied.
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Moreover, baseline insulin levels were positively 
correlated with BMI (r=0.518, p=0.033), while a 
marginal but not significant positive correlation was 
documented between insulin levels and age (r=0.441, 
p=0.077).

Finally, baseline cortisol levels were inversely 
correlated with BMI (r=-0.530, p=0.029).

Correlations between hormonal values 

At baseline, serum leptin levels were strongly posi-
tively correlated with serum insulin levels (r=0.518. 
p=0.033), with no change of their correlation af-
ter control of the effect of body fat mass (r=0.534, 
p=0.027). In addition, the change in serum leptin lev-
els (Δleptin=leptin post-exercise-baseline leptin) and 
the change in serum insulin levels (Δinsulin=insulin 
post-exercise-baseline insulin) were strongly positively 
correlated (r=0.561, p=0.019). On the other hand, 
no significant correlations were documented among 
measured adipokine, insulin and cortisol levels.

Stepwise regression analysis

Stepwise regression analysis was performed in or-
der to ascertain the independent predictive value and 
the impact of serum insulin levels and body fat mass 
on serum leptin levels. Stepwise regression analysis 
showed that serum insulin levels could predict 35.3% 
of serum leptin levels (R=0.594, F=8.184, p<0.05), 
while body fat mass was excluded from the predictive 
model, indicating a minor effect on serum leptin lev-
els compared with the effect of serum insulin levels.

Discussion

The findings of the present study showed that 180 
km of continuous running results in elevated serum 
resistin levels, reduced serum leptin levels and no 
significant changes in serum adiponectin and visfatin 
levels. Moreover, approximately 20 hours after the 
end of the race, serum resistin and leptin levels failed 
to reach pre-exercise levels, despite a clear tendency 
towards restoration. On the other hand, no associa-
tion was recorded between the studied adipokines 
and cortisol levels at baseline, nor during the race 
and the recovery period. To the best of our knowl-
edge, this is the first study to report on the effect 
of prolonged strenuous exercise and acute energy 
deficit on serum adipokine levels of highly trained 
ultra-endurance athletes.

Ultra-endurance events exert a huge impact on 
metabolism and energy balance, being one of the 
most extreme and strenuous types of exercise that an 
individual may undertake. Impressively, 180 km of 
distance is covered in less than 28h, under extreme 
environmental conditions (running day and night in 
temperatures ranging from 4°C at night to 30°C and 
hot sun around the finishing time).

The majority of nutrition comes from metabolism 
of lipid sources and exercise intensity averages 70% 
VO2 max or less.6 Ultra-marathon athletes have free 
access to fluids and food (including carbohydrate-
rich foods and drinks), with field researches having 
documented an hourly caloric intake ranging from less 
than 100 to 430 kcal per hour.6 The athletes should 
expect to finish the race with an energy intake of 
between 36% and 54% of energy expenditure. Since 
no data were obtained regarding the energy input of 
the athletes during the race, the energy cost of the 
event was assessed using reported data from similar 
events. Thus, the estimated energy expenditure of the 
ultra-endurance event examined in the present study 
is about 11000 Kcal7 and the participants experience 
a mean energy deficit of at least 5000 Kcal.

The effect of strenuous prolonged aerobic 
exercise and acute energy deficit on serum 
resistin levels

The present study reports significantly elevated 
serum resistin levels at the end of the ultra-marathon 
race. Moreover, at the end of the recovery phase serum 
resistin levels were reduced compared to post-exercise 
levels, but remained significantly elevated compared 
to pre-race values. 

The limited data available on the effect of acute 
intensive exercise on serum resitin levels suggest that 
the regulation of resistin during acute exercise could 
follow a duration and intensity-dependent pattern.8-10 
On the other hand, controversial data exist on the ef-
fect of chronic energy restriction and eating disorders 
on resistin levels.11,12

Despite the significant interest generated by the 
discovery of resistin, very little is known about the 
mechanisms whereby resistin mediates its actions and 
metabolic effects.2 The present study reports increased 
serum resistin levels after strenuous prolonged aero-
bic exercise resulting in significant energy deficit and 
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reduction in circulating insulin levels. Thus, it could 
be hypothesized that resistin has a regulatory role in 
energy homeostasis, glucose metabolism and insulin 
resistance. However, its role in insulin resistance has 
been challenged,13 while no association between serum 
resistin and serum insulin levels were documented 
in the present study. 

Bearing in mind the unproven role of resistin in 
energy balance and glucose homeostasis, the inflam-
matory role of resistin could explain its regulation 
during acute exercise. Specifically, laboratory in-
vestigations have demonstrated that inflammatory 
responses, including TNF-α and IL-6, may stimulate 
resistin secretion.13 Considering that during acute 
exercise catecholamines stimulate the secretion of 
pro-inflammatory cytokines, primarily IL-6 and TNF-α 
as well,1 an induction of resistin secretion could be 
expected during the strenuous prolonged exercise of 
the present study. Thus, further research is needed to 
evaluate the association of serum resistin levels with 
the response to exercise stress (e.g. inflammatory 
response, cortisol secretion).

The effect of strenuous prolonged aerobic 
exercise and acute energy deficit on serum 
leptin levels

Our results show significantly reduced serum 
leptin levels at the end of the ultra-marathon endur-
ance race. At the recovery phase, serum leptin levels 
remained significantly lower compared to pre-race 
values, despite a tendency towards restoration. 

The present study presents results from the most 
extreme, prolonged and energy-expending type of 
aerobic exercise and confirms the results of studies 
reporting on the changes in serum leptin levels during 
prolonged exercise.14,15 On the other hand, several 
studies report no effect of exercise on serum leptin 
levels when the duration is too short (≤60min) or the 
energy expenditure is too low (≤800 Kcal).4

Moreover, the present study reports a positive cor-
relation between baseline leptin and insulin levels and 
between the changes of their levels during the race. 
In addition, stepwise regression analysis underscored 
the greater impact of insulin levels on leptin levels, in 
comparison with body fat mass. Interestingly, if leptin 
values are expressed as the ratio per kilogram (kg) 

of body fat, a significant reduction is documented as 
well. Thus, it could be suggested that insulin mediates 
the regulatory role of leptin in energy homeostasis 
during prolonged aerobic exercise.

Our results confirm the well studied and docu-
mented association of insulin action and leptin se-
cretion.16 Specifically, insulin stimulates both leptin 
biosynthesis and secretion from adipose tissue, while 
leptin was shown to inhibit insulin secretion in lean 
animals and modulates pancreatic β-cell function 
through direct and indirect central actions.16 In con-
clusion, the results of the present study confirm the 
role of leptin not only as an indicator of adipose 
stores, but as a regulator of metabolic balance and 
energy homeostasis.

The effect of strenuous prolonged aerobic 
exercise and acute energy deficit on serum 
adiponectin levels

The present study reports no significant changes 
in serum adiponectin levels at the end of the ultra-
endurance running race nor during the recovery phase. 
Thus, the combination of prolonged aerobic exercise 
and significant energy deficit exerts no significant 
effect on adiponectin levels. 

To date, very few studies have provided data 
on the effect of short-term (≤120 min) exercise of 
various types (rowing, cycling and running) on serum 
adiponectin levels,4 producing non-conclusive results. 
On the other hand, serum adiponectin inversely cor-
relates with obesity,2 while higher adiponectin levels 
have been documented in conditions of extreme 
malnourishment and severe energy deprivation.17,18

Considering the aforementioned data, the re-
sults of our study could suggest that acute physical 
exercise per se does not regulate serum adiponectin 
levels, regardless of the intensity and the duration. 
Furthermore, the action of adiponectin as a starvation 
signal and a regulator of energy homeostasis is likely 
exerted in conditions of chronic energy restriction 
rather than acutely established energy deficit.

Interestingly, 16 hours after the end of the race, 
serum adiponectin levels were reduced compared 
with the post-exercise levels. This result could be 
attributed to the caloric intake and the feeding pat-
tern adopted by the athletes during the recovery 
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phase. Accordingly, studies in rodents have reported 
that a high fat diet reduces mitochondrial function 
in adipocytes and down-regulates adiponectin gene 
expression in mesenteric adipose tissue.19,20

The effect of strenuous prolonged aerobic 
exercise and acute energy deficit on serum 
visfatin levels

The present study reports no significant change in 
serum visfatin levels, neither during the running race 
nor during the recovery period. To date very few stud-
ies have reported on the effect of exercise on visfatin 
levels and the results seem rather conflicting.21-23 The 
results of the present study suggest that strenuous 
prolonged aerobic exercise and the acute energy defi-
cit do not affect serum visfatin levels. Furthermore, 
Kang et al24 reported no change in circulating visfatin 
levels of women with hypothalamic amenorrhea due to 
strenuous exercise or low body weight. Thus, it could 
be hypothesized that visfatin is likely not involved 
in the metabolic and neuroendocrine abnormalities 
characteristic of energy regulation. 

It should be noted that the aforementioned results 
should be evaluated also considering the diurnal vari-
ation of the examined hormones. More specifically, 
blood samples at baseline and at recovery were taken 
late in the morning (~0800hrs), while post-exercise 
blood samples were obtained early in the afternoon 
(~1500hrs). However, the physiologically expected 
higher morning cortisol levels and higher afternoon 
leptin levels25 have no impact on the reported results. 
On the other hand, circulating adiponectin reaches 
peak levels late in the morning and exhibits minimal 
daytime variation until late in the afternoon,26 thus 
minimal impact on the observed results could be 
assumed. Finally, circulating visfatin is significantly 
higher in the afternoon,27 suggesting a possible down-
regulation by the exercise stress and/or the energy 
deficit, obscured by the physiologic daytime variation.

The present study has certain limitations. First 
of all, this is a field study carrying all the limitations 
of similar studies, such as the limited number of 
athletes enrolled, the need not to disturb already 
exhausted athletes with additional interventions, etc. 
For instance, due to such limitations, body composi-
tion parameters were not determined at the end of 
the recovery phase and were assessed in just 6 of the 

participants post-exercise. Furthermore, no data were 
obtained regarding the energy input of the athletes 
during the race and, thus, the energy cost of the 
event was assessed using reported data from similar 
events. Therefore, a replication of the study could 
be attempted at a future edition of the event, taking 
into consideration the aforementioned limitations.

On the other hand, this is the first study to report 
on the effect of prolonged strenuous exercise and 
significant acute energy deficit on serum adipokine 
levels of highly trained ultra-endurance athletes. In 
addition, the present study is unique in character, as 
all variables were assessed on the field of competition, 
while it also provides data regarding the recovery 
pattern of the examined adipokines.

In conclusion, strenuous ultra-endurance aerobic 
exercise and acute negative energy balance lead to 
an up-regulation of serum resistin levels, a down-
regulation of serum leptin levels and no change in 
serum adiponectin and visfatin levels. Moreover, in 
conditions of acute energy deficit, insulin is a major 
determinant of leptin variation, possibly mediating 
its regulatory role in energy homeostasis. Clearly, 
further research is required to elucidate the role of 
adipokines in energy regulation, metabolic balance 
and stress response.
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