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Summary

Kratak sadr`aj

Background: Endocrine system plays a major role in both
permissive and regulatory activities in order to adequately
respond to physical stress of exercise. But level and direction of activation depend on many factors and are not easily interpreted.
Methods: We tested a group of male professional athletes
(21 water polo players and 15 wrestlers), together with 20
sedentary controls matched by age. All participants took a
continuous progressive exercise stress test on a treadmill
until exhaustion and plateau of oxygen consumption
(VO2). Blood samples for cortisol, sex hormone binding
globulin (SHBG) and testosterone were drawn in four time
points: baseline (B), start of the test (S), point of maximal
strain (MAX) and in the 3rd minute of recovery period (R).
Results: Cortisol levels significantly increased in both
groups, but the response between S and MAX was more
pronounced in controls (p=0.036). The athletes had significantly higher levels of cortisol in all points in test, except
during R (p=0.118), when their cortisol levels gradually
started to decline. Significant increase in total testosterone

Uvod: Endokrini sistem ima i permisivnu i regulatornu
ulogu kako bi se adekvatno odgovorilo na fizi~ki stress
prouzrokovan ve`banjem. Ali nivo i smer aktivacije zavise
od mnogih faktora i nisu jednostavni za interpretaciju.
Metode: Testirali smo grupu mu{kih profesionalnih
sportista (21 vaterpolista i 15 rva~a), i 20 sedentarnih kontrola uparenih prema godinama. Sproveden je ergospirometrijski test do iscrpljenosti i platoa potro{nje kiseonika
(VO2). Uzorci krvi za odre|ivanje kortizola, vezuju}eg globulin seksualnih hormona (SHBG) i testosterona su uzimani tokom 4 vremena: bazno (B), na po~etku testa (S), u
maksimalnom naporu (MAX) i u 3. minutu oporavka (R).
Rezultati: Nivo kortizola je zna~ajno porastao u obe grupe,
ali je odgovor izme|u S i MAX bio nagla{eniji kod kontrola
(p=0,036). Sportisti su imali zna~ajno vi{e vrednosti kortizola u svim ta~kama testa, izuzev tokom R (p=0,118), s
obzirom da su njihove vrednosti kortizola po~ele da opadaju. Zna~ajan porast vrednosti ukupnog testosterona je u
velikoj meri bio posledica porasta nivoa SHBG (p<0,01 za
oba). Posledi~no, izra~unate vrednosti slobodnog testo-
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was in great deal a consequence of increase in SHBG level
(p<0.01 for both). Consequently, calculated free testosterone significantly decreased during test (p=0.008), and
the drop was more pronounced in athletes. This was in
concordance with significant correlation between SHBG
and cortisol level demonstrated in athletes, but not in controls.
Conclusions: It seems that high intensity endurance exercise favors catabolic response, but the level of response
highly depends on a previous level of training.
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sterona su zna~ajno opadale tokom testa (p=0,008), a pad
je bio izra`eniji kod sportista. Ovaj rezultat je u skladu sa
demonstriranom zna~ajnom korelacijom izme|u SHBG i
kortizola kod sportista, ali ne i kod kontrola.
Zaklju~ak: Na{i rezultati ukazuju da trening izdr`ljivosti
visokog intenziteta favorizuje kataboli~ki odgovor, ali nivo
odgovora zna~ajno zavisi od nivoa utreniranosti.

Klju~ne re~i: trening izdr`ljivosti, kataboli~ko/anaboli~ki
odnos, testosteron, vezuju}i globulin seksualnih hormona

Keywords: endurance exercise, catabolic/anabolic,
testosterone, sex hormone binding globulin

Introduction
Physical exercise represents a specific form of
stress, engaging endocrine system at multiple levels,
in order to provide necessary functional responses and
aid in morphological adaptations. Normal endocrine
function is essential not only for acute stress responses, but also for maintaining positive energy status,
anabolic/catabolic balance, and body composition
(1). Various neuroendocrine changes can occur in athletes, particularly in heavy exercisers, and are mostly
physiologic and in response to a low energy state.
These adaptive changes conserve energy for more
important and vital functions (by suppression of hypothalamo-pituitary-gonadal axis and thyroid hormones),
and increase substrate availability (by increases in cortisol and growth hormone both of which are gluconeogenic, as well as decreases in leptin and increases
in ghrelin, which should stimulate caloric intake) (2).
Additionally, from the aspect of muscle protein synthesis and degradation, testosterone and cortisol have
long been studied as potential biomarkers for the catabolic and anabolic state of body (3). Still, few and conflicting data are available considering testosterone
responses to exercise, and mostly regarding resistance
exercise, and far less regarding male athletes compared to female. Cortisol responses have been studied
more thoroughly, but with conflicting differences in
interpretation due to non-standardized study designs.
It was our aim to analyze cortisol and testosterone
responses to endurance exercise under carefully
designed circumstances.

Materials and Methods
This study was conducted in the Clinical Centre
of Serbia, at the Clinic for Endocrinology, Diabetes
and Metabolic Diseases, and the Clinic for Cardiology.
Experimental design was approved by the local Ethical
Committee, and each participant gave written
informed consent. All procedures were carried out in
conformance with the Declaration of Helsinki ethical
guidelines.
Study group consisted of 36 professional athletes: 21 water-polo players (aged 21.38±3.54

years), and 15 wrestlers (aged 23.25±3.53). The
athletes trained at least 15 hours a week, and were
examined during intensive training period (prior to
competition season). Control group consisted of
20 male sedentar y subjects matched by age
(21.35±2.01, p=0.121), engaged in sports only at
recreational level. All participants were healthy nonsmokers.
Experimental protocol
All participants underwent progressive continuous cardiopulmonary exercise test on a treadmill
(CPET), with assessment of oxygen consumption
(VO2). Test was carried out between 3.00 –5.00 p.m.
since that period closely represented typical period
during which the athletes trained. The protocol consisted of 3 min rest, 2 min at speed of 6 km/h and 2%
inclination, 2 min at speed 9 km/h and 2% inclination, after that increasing inclination for 2% every 2
min until the criteria for maximal test were reached.
The protocol was made by pretesting of 9 subjects
randomly chosen, to optimize the duration of the test
(8 –12 min). All the recommendations and criteria for
maximal test are described elsewhere (4).
Blood sampling for cortisol, testosterone and
SHBG (sex hormone binding globulin) was done at 4
time points: B at baseline (during rest), S at the start
of the test (the moment of stepping on a treadmill),
MAX at the point of maximal effort, and R at the 3rd
minute of recovery.
Hormone analyses
Blood samples were collected through an
indwelling venous catheter inserted in an arm vein,
and 10 mL of blood were drawn for each sample.
Initial blood samples were drawn 30 min after
catheter insertion, and catheter patency was maintained with saline. Samples were centrifuged and the
plasma was stored at -80 °C until assayed.
All plasma samples were analyzed in duplicate.
Cortisol concentration was measured by means of
radioimmuno assay – RIA (CORT-CT2, CIS bio inter-
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national, Gif-Sur-Yvette Cedex, France). Minimal
detectible concentration was 4.6 nmol/L; intra- and
interassay coefficients of variation (CVs) were below
5.4% and 7.3%, respectively. Testosterone was determined by RIA (TEST-C2, CIS BioInternational, GifSur-Yvette Cedex, France) with minimal detectible
concentration of 0.1 nmol/L, and intra- and interassay CVs of 4.5% and 5.1% respectively. Sex-hormone
binding globuline was detected by immunoradiometric assay - IRMA (SHBG-RIACT, CIS BioInternational,
Gif-Sur-Yvette Cedex, France), with minimal detectible concentration of 0.5 nmol/L, and intra- and
interassay CVs of 3.9 and 4.7% respectively. From the
levels of testosterone and SHBG free androgen index
(FAI) was calculated as a measure of free testosterone
level, by using a formula FAI=(testosterone/SHBG)×
100. Testosterone/cortisol ratio (T/C) was calculated
by using total testosterone value.
Statistical analysis
Statistical analysis was performed by SPSS software (SPPS for Windows, 21.0), and values of
p<0.05 were considered significant. After testing for
normality of data, comparisons between variables
were performed with Student’s t-test/One-way
ANOVA (for normally distributed), and MannWhitney/Kruskall-Wallace test (for non-normally distributed variables). One-way ANOVA for repeated
measures was used to assess cortisol, testosterone,
SHBG and FAI levels change during CPET. Prior to
testing, non-normally distributed variables were logaritmically transformed in order to achieve normality.
Within-Subjects effect was analyzed with Univariate
tests, and a Geisser-Greenhouse correction was used
when sphericity assumption was violated.

Results

Figure 1 Cortisol response during CPET (data presented
with actual values)
B, baseline; S, start of the test; MAX, point of maximal strain;
R, 3rd minute of recovery; *, significant change compared to
the previous time point; §, significant difference in response
between groups.

Figure 2 Total testosterone response during CPET (data presented with actual values)
B, baseline; S, start of the test; MAX, point of maximal strain;
R, 3rd minute of recovery; *, significant change compared to
the previous time point.

Figure 1 demonstrates cortisol response during
CPET. Overall increase in cortisol level was significant
over time (F1.54=72.31, p<0.01), but the pattern of
response was significantly different between athletes
and controls (F1.54=3.81, p=0.036). The difference
was significant between S and MAX (F1.0=6.59,
p=0.013) with response being more pronounced in
controls, and between MAX and R (F1.0=4.74,
p=0.034) with cortisol slowly starting to decline in
athletes, while it was still rising in controls. The athletes had higher cortisol levels starting from baseline
to the point of maximal strain (p=0.003, p=0.001,
and p=0.045 respectively for B, S and MAX), but the
difference was lost during R (p=0.118).
Total testosterone response was in great part
influenced by acute response of SHBG. Both responses were significant over time (F1,61=51.67, p<0.01;
and F1.91=64.04, p<0.01), with similar pattern of
response between groups (F1.61=1.70, p=0.193;

Figure 3 SHBG response during CPET (data presented with
actual values)
B, baseline; S, start of the test; MAX, point of maximal strain;
R, 3rd minute of recovery; *, significant change compared to
the previous time point.
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Table I Correlations between SHBG and cortisol values throughout the CPET.

1

SHBG B

2

SHBG S

3

SHBG MAX

4

SHBG R

5

cortisol B

6

cortisol S

7

cortisol MAX

8

cortisol R

1

2

3

4

5

6

7

8

1

0.971**

0.909**

0.941**

0.521**

0.594**

0.504**

0.517**

1

0.914**

0.947**

0.450**

0.551**

0.500**

0.522**

1

0.944**

0.390*

0.463**

0.359*

0.380*

1

0.445**

0.486**

0.420*

0.441**

1

0.744**

0.542**

0.485**

1

0.850**

0.789**

1

0.956**
1

B, baseline; S, start of the test; MAX, point of maximal strain; R, 3rd minute of recovery; *, p<0.05; **, p<0.01.

Discussion
Our results demonstrate that endurance exercise
of sufficient intensity successfully activates neuroendocrine stress system. Cortisol significantly increased
in all subjects, but specificities of cortisol response
depended on previous level of training. Levels of FAI
demonstrated steady decline all through the recovery
period, but this was observed only in athletes.

Figure 4 FAI response during CPET (data presented with
actual values)
B, baseline; S, start of the test; MAX, point of maximal strain;
R, 3rd minute of recovery; ; ‡, significant change compared
to the previous time point in athletes; ⁑, significant change
compared to the previous time point in controls.

and F1.91=2.37, p=0.143), and significant increase
between S and MAX (F1,0=86.80, p<0.001; and
F1,0=46.88, p<0.001) (Figures 2 and 3).
Unlike these, FAI levels significantly declined
over time (F1,65=2.95, p=0.008), similarly in both
groups (F1,65=0.580, p=0.530) (Figure 4). Significant decrease in athletes was confirmed between B
and S (F1.0=6.36, p=0.017), and between MAX
and R (F1,0=11.35, p=0.002). The only change
observed in controls was a decrease between B and S
(F1,0=5.40, p=0.032), with stable values further on.
All values of SHBG significantly correlated with
all cortisol levels in athletes (Table I), while no correlation was observed in controls (data not shown).

As a catabolic hormone, cortisol increases availability of all fuel substrates for working muscles by
mobilization of glucose, free fatty acids, and amino
acids from endogenous stores (5). At the same time,
cortisol maintains normal vascular integrity and
responsiveness during exercise, and prevents overreaction of the immune system in the face of repeated
exercise-induced muscle damage (6). The minimum
intensity of endurance exercise necessary to produce
cortisol response is about 60% of VO2max. After wards, cortisol levels increase linearly with exercise
intensity, and this threshold is independent of training
(7). Greater cortisol response was observed in athletes currently in competition compared to non competitive athletes, with basal cortisol levels gradually
increasing during preparatory period (8, 9). This indicates that high catabolic environment is essential
tools for adaptation in high-stress situations with high
fuel demand (9). With higher basal cortisol levels, our
athletes in fact had a necessity for a smaller add up to
achieve peak cortisol levels, required for a proper biological effect, and this might be one of forms of adaptation to repeated physical stress in athletes. There is
an interesting observation that increased cortisol responses to exercise performed in the afternoon might
be a consequence of diurnal variations of glycogen
status of the individual, with peak values in the morning and nadir in the evening (10, 11). Morning exercise significantly impaired body’s ability to maintain
euglycemia during exercise later same day (12).
Impaired cortisol response to exercise might be one
of early signs of overreaching/overtraining. To the
contrary, adequate cortisol response to challenge as
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well as high basal cortisol concentrations reflect good
adaptation (13).
Various studies report different basal cortisol levels in athletes when compared to sedentary subjects
(14). Higher basal cortisol levels demonstrated in our
athletes might be a consequence of a particular time
of day during which the experiment was conducted,
and which closely resembled a period during which
the athletes normally trained. Training rhythm of professional athletes, being more or less fixated to a particular part(s) of day, affects the normal circadian
rhythm of cortisol secretion by leading to a phase shift
in hipothalamo-pituitary-adrenal (HPA) axis activity
(15). Additionally, one should bear in mind that
chronic hypercortisolism is not induced by the stress
of exercise itself, but by chronic energy deficiency
(negative energy balance), as seen during prolonged
periods of physical strain and especially in overreaching/overtraining (16). With this respect, it is also relevant if the athletes are tested during pre-competition,
competition or out-of competition period of their season.
We observed changes in both testosterone and
SHBG level, which demonstrates a change in availability of free testosterone during exercise. However,
a drop during recovery period is not related to SHBG
change, and reflects a drop of testosterone itself. It
seems that in a state of chronic energy deficiency
catabolic signal prevails, and antagonizes anabolic
processes (17). An opposite response in total and free
testosterone has been previously demonstrated in
only a few studies, but there are no data on SHBG
(17, 18).
Testosterone level very much depends on type,
intensity and duration of exercise. Endurance athletes
often exhibit lower testosterone concentrations than
more explosive and resistance athletes (19–21).
When comparing long-term effects of high-intensity
and moderate-intensity training patterns, the number
of hours of high-intensity exercise significantly negatively correlated with testosterone levels; these athletes also demonstrated worse semen parameters
compared to moderately-trained athletes (22).
Timing of analysis seems important as well, with the
lowest testosterone levels verified during competition
season compared to training and resting period of a

season (23, 24). Testosterone has many functions
crucially important for athletic performance. Aside
from effect on behavior (behavior characteristics,
aggression and cognitive processes), testosterone
improves muscle protein synthesis/decreases muscle
protein degradation, and stimulates bone formation/decreases bone resorption (25–27). All these
anabolic effects require certain level of energy availability. Probably the most drastic example of this concept is a so-called »exercise-hypogonadal male condition«, characteristically observed in endurance
athletes engaged in disciplines that require prolonged
exercise activities, as a state of a long-term hypotestosteronemia coming out of chronic energy deficit
(28, 29). It is also observed in sport disciplines where
leanness is considered a competitive advantage (gymnastics, wrestling, running) (29).
The same principle applies for the acute
responses to exercise. Resistance exercise generally,
and endurance exercise with relatively short sessions,
produce acute rise in testosterone level, probably due
to effect of elevated catecholamines (30–34). On the
contrary, more prolonged sessions, sessions of very
high intensity, and sessions during period of intensive
training, produce an acute decrease in testosterone
level (35, 36). Negative correlation was demonstrated between cortisol and testosterone, suggesting a
catabolic tendency under these circumstances (36).
Both chronic energy deficit and direct suppressive
effect of cortisol on testosterone secretion might be
responsible for this effect (36).

Conclusion
Acute stress of intensive endurance exercise
represents a strong stimulus for cortisol response.
This response, in concert with absence of rise in
testosterone, represents catabolic signal necessary to
provide fuel availability. Parallel rise of cortisol and
SHBG is in line with this demand.
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