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Abstract
The purpose of this study was to determine the changes in the resting level of serum cortisol, testosterone and T/C ratio in response to 
different training modalities and their variations. A secondary purpose was to identify if the various six weeks training programs are an 
effective way to improve physical fitness. 86 regularly active young males were assigned to one of six groups: Endurance constant running 
(ECR), Endurance interval running (EIR), Resistance training (RT), Explosive training (ET), Speed-endurance 50 m running (SER50) and 
Speed-endurance 150 m running (SER150) training. The resting levels of testosterone, cortisol and T/C ratio, as well as physical fitness, 
were measured. The ECR, EIR, and RT training program decreased COR level (P < 0.05). An increase of the T/C ratio was observed in the 
ECR and EIR group (P < 0.05). Except for SER50, each training program improved physical fitness. Our results suggest that endurance and 
resistance training modalities performed with a moderate to vigorous intensity may be a usable way to manage the resting cortisol level 
and enhance physical fitness in active young males.
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Highlights:
•	 The endurance and resistance training positively affected the endocrine system by reducing the resting level of cortisol.
•	 The testosterone remained unchanged following any training programs and their variation.
•	 Short-term duration training programs (6 weeks) can enhance the physical fitness of active young males.

* Corresponding author: Matej Vajda, Comenius University in Bratislava, Faculty of Physical Education and Sports, Hamar Institute 
for Human Performance, Nabr. L. Svobodu 9, 814 69 Bratislava, Slovak Republic; e-mail: matej.vajda@uniba.sk
http://doi.org/10.32725/jab.2021.008
Submitted: 2020-05-11 • Accepted: 2021-03-08 • Prepublished online: 2021-03-09
J Appl Biomed 19/2: 83–90 • EISSN 1214-0287 • ISSN 1214-021X
© 2021 The Authors. Published by University of South Bohemia in České Budějovice, Faculty of Health and Social Sciences.  
This is an open access article under the CC BY-NC-ND license.

Original research article

 
Introduction

The training program is planned, structured and repetitive 
in the sense of improvement or maintenance of one or more 
components of physical fitness (Caspersen et al., 1985). As has 
been presented earlier, adaptive changes in physical fitness 
are highly specific to the training programs involved (Kraem-
er et al., 1996). In general, strength training increases muscle 
strength, power, as well as muscle hypertrophy (Häkkinen et 
al., 2003), while endurance training leads to gains in endur-
ance parameters such as maximal oxygen consumption, max-
imal aerobic power output and endurance performance tests 
(Grandys et al., 2009). However, the effects on nonspecific 
components are limited. Besides these facts, the crucial vari-
ables of any training programs are also the volume, intensity, 
and frequency of training sessions. The combination of these 
training variables determines the magnitude of adaptive re-
sponses that either enhance, maintain or decrease physical 
fitness (Hawley, 2008).

In addition to these changes in physical fitness, physical 
activity also produces specific variations in the concentration 

of endogenous hormones. The exercise-associated hormonal 
changes, mainly in circulating level of cortisol (COR), testos-
terone (TST) and their relationship presented by testosterone/
cortisol ratio (T/CR) (Doma et al., 2015; Hough et al., 2013; 
Kilian et al., 2016; Popovic et al., 2019) have been extensive-
ly studied. Attention has previously been directed towards 
acute hormonal response to a single session of exercise (Pop-
ovic et al., 2019), persistent changes in the acute response to 
an exercise stimulus (Walker et al., 2017), as well as chronic 
changes in resting hormone concentrations after a training 
program (Alghadir et al., 2015; Shakeri et al., 2012). The mag-
nitude of acute and chronic variations of hormones depends 
on the training variables, such as type of the training modali-
ties (Schumann et al., 2015), duration of the training program 
(Shakeri et al., 2012), as well as intensity and volume of the 
training sessions (Kilian et al., 2016; Peake et al., 2014). Also, 
the subjects’ experience (Popovic et al., 2019), gender and age 
category (Häkkinen et al., 2000) are essential factors affect-
ing hormonal response to exercise and training. Currently, few 
and conflicting data are available about the resting hormonal 
responses to different training modalities. The data is main-
ly focused on strength training and less on endurance and 
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speed-endurance training in active young males (Ahtiainen et 
al., 2003; Alghadir et al., 2015; Grandys et al., 2009; Kraemer 
et al., 1999; Shakeri et al., 2012). However, to our knowledge, 
there are not yet any studies that would compare the effects 
of these different training modalities (endurance, strength, 
and speed-endurance) in combination with different exercise 
intensities on the resting hormonal level and physical fitness 
within a short-term duration among active young males.

To optimize the training activity prescription for active 
young males, it appears reasonable to identify the effective 
training modalities with the combination of intensity and 
volume of the training programs to promote both physical 
fitness and endocrine health benefits. Therefore, the present 
study aimed to determine the response of the resting level of 
serum cortisol, testosterone and testosterone/cortisol ratio 
to different training modalities and their variations in active 
young males. A secondary purpose was to identify if the differ-
ent training programs are an effective way to improve physical 
fitness according to the type of training modalities performed 
during six-week training programs.

 
Materials and methods

Experimental design
A six-groups longitudinal (pre-training, post-training) design 
was used. Two weeks before the enrolment in the training 
programs (before the first training), all subjects underwent a 
familiarization session (to familiarize them with the testing 
procedures) to minimize the learning effect during the study. 
Initial anthropometric and physical performance assessments 
were realized (3–5 days before the first training) by experi-
enced examiners. Each training group underwent a specific 
training program; these are described below in the “Training 
programs” section. Each training program had the same six-
week duration (three sessions per week on non-consecutive 
days), and was performed under the supervision of certified 
strength and conditioning coaches.

Resting hormonal level was assessed at week 1 (morning 
of the first training session day) and week 6 (morning of the 
eighteenth training session day). Fasting (10 h) blood sam-
ples (20 ml) at rested state were obtained on the training day 
(7:00–7:30) followed by the same standardized breakfast for 
all training protocols. Three to five days after the last training 
session, post-training physical fitness assessments were con-
ducted. Each subject had their training and physical testing 
times standardized throughout the study to minimize the ef-
fects of diurnal variations.

Subjects
Initially, 86 students of a strength and conditional coach-
ing program who regularly trained (3 ≤ sessions per week of 
60 min in last five years) in various physical activities volun-
teered to participate in this study. They were assigned to one 
of six groups: Endurance constant running (ECR), Endurance 
interval running (EIR), Resistance training (RT), Explosive 
training (ET), Speed-endurance 50 m running (SER50) and 
Speed-endurance 150 m running (SER150). All subjects were 
healthy and free of endocrine, cardiovascular and neuromus-
cular diseases – or any other diseases that may have affected 
the ability to perform the training and testing. Each subject 
claimed to be free of anabolic steroids or any other legal or il-
legal agents.

Two days before the beginning (pre-training physical fit-
ness testing) of the study and throughout the study period, 

subjects were instructed to maintain their usual eating habits, 
normal daily activities, not to consume any medications or di-
etary supplements, and to refrain from other physical activ-
ities. Additionally, subjects were instructed to monitor their 
eating habits (time, type and amount of food consumed) in the 
48 hours before the initial hormonal testing – and to replicate 
this during the second hormonal testing. Seven subjects did 
not complete the study, four subjects in the SER50 group as 
a result of injury, and one subject in the SER50, SER150 and 
EIR group due to an attendance of less than 90% at the train-
ing sessions. The final sample for statistical analyses included 
79 subjects (Table 1).

Table 1. Sample characteristics before the beginning of the 
training program (mean ± SD)

Age (years) Height (m) Weight (kg)

ECR (n = 15) 22.34 ± 0.57 1.80 ± 0.06 77.43 ± 7.46

EIR (n = 13) 22.96 ± 1.14 1.79 ± 0.08 76.28 ± 7.11

RT (n = 15) 21.94 ± 0.87 1.82 ± 0.05 79.73 ± 7.22

ET (n = 17) 22.56 ± 1.13 1.81 ± 0.04 80.21 ± 8.25

SER50 (n = 8) 22.66 ± 1.35 1.78 ± 0.05 75.68 ± 6.37

SER150 (n = 11) 22.63 ± 1.88 1.79 ± 0.08 76.76 ± 7.77

The Ethical Committee of the Faculty of Physical Education 
and Sports, Comenius University in Bratislava, approved the 
study in accordance with the ethical standards of the Helsinki 
Declaration, and subjects were fully informed about the nature 
and possible risks of all procedures before providing written 
informed consent.

Training programs
Endurance training protocols
Training protocols were realized on an outdoor 350 m running 
track. Before each training and testing session, standardized 
warm-up protocol (jogging 700 m and running drills) with a 
total duration of 10–15 min was performed. This was identical 
for both groups. The intensity was established from the tempo 
of Cooper’s 12-minute run test (TempoC). The tempo was cal-
culated by a formula of distance covered/12 min. During the 
training, subjects received visual feedback of the running time 
and were encouraged verbally during the run.

The ECR group performed 30 mins continuous running 
with an intensity at 70% of TempoC. Intensity was expressed 
as running time per lap (350 m). The training volume was in-
creased by 2 mins each week (from 30 min at week 1 to 40 min 
at week 6).

The EIR training protocol consisted of 10/10 interval run-
ning. This group performed 50 reps of 10 s intervals at inten-
sity 115% of TempoC (with 10 s of passive resting periods in 
between). The intensity expressed the distance which should 
be covered during the 10 s run. This distance was marked by a 
stick with specific numbers for each subject. The training vol-
ume increased by three reps per week (from 50 reps at week 
1 to 65 reps at week 6).

Strength training protocols
The standardized warm-up protocol was identical for both 
groups and was performed before each training and testing 
session. The warm-up protocol was a combination of dynamic 
and static stretching exercises, two sets × 10 reps of push-ups 
and half-squat jumps with a total duration of 10–15 min. The 
volume progression was achieved by adding one set from the 
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4th week onwards in both training programs. Also, progres-
sive overload was applied by increasing the load when all pre-
scribed repetitions for a particular exercise were achieved in 
two consecutive workouts.

The RT group performed traditional hypertrophic training 
consisting of 7 exercises with 90 seconds of rest periods be-
tween both sets and exercises. The characteristics of RT train-
ing are described in Table 2.

Table 2. Characteristics of the RT training program

Exercise No. of sets  
(in 1–3 week)

No. of sets  
(in 4–6 week)

Intensity Reps Tempo

Deadlift 3 4   8 RM   8 2121

Bench press 3 4   8 RM   8 2021

Back squat 3 4   8 RM   8 2021

Barbell row 3 4   8 RM   8 2021

Pull-over 3 4 10 RM 10 2020

Military press 3 4 10 RM 10 2021

Biceps curl 3 4 10 RM 10 2020

The ET group carried out training focused on maximal ac-
celeration during the concentric phase of the movement. The 
training contained seven exercises (Olympic lifts/velocity-de-
pendent, ballistic and non-ballistic exercises), with a 90 sec-

ond and 5 minutes rest period between the sets and exercises, 
respectively. During the ET, the subjects were encouraged to 
perform each lift as fast as possible. Table 3 shows the charac-
teristics of ET training protocol.

Table 3. Characteristics of the ET training program

Exercise No. of sets  
(in 1–3 week)

No. of sets  
(in 4–6 week)

Intensity Reps

Power clean 2 3 max. acceleration   6

Hang Power snatch 2 3 max. acceleration   6

Half squat jumps 2 3 max. acceleration   8

Bench pull 2 3 max. acceleration   8

Jerks 2 3 max. acceleration 15

Standing barbell twist 2 3 max. acceleration 20

Side step-side jump-vertical jump 2 3 max. acceleration 10

Speed-endurance protocols
Both speed-endurance training protocols consist of two spe-
cific training sessions (150 m or 50 m distance running), 
and one similar session (Tables 4 and 5) consists of 2 sets of  
8 reps × 100 m running with a 1 and 5 min rest period between 
the reps and sets, respectively. Training programs were per-
formed on an outdoor 350 m running track. Before each train-
ing and testing session, standardized warm-up protocol (jog-
ging 700 m, running drills and 3 × 80 m incremental sprints) 
with a total duration of 10–15 min was performed – this was 
similar for both groups. The intensity of specific and similar 
sessions was predetermined from pre-testing assessment and 
was controlled in each training session throughout the study 
by dual-beam light timing gates (Vanel-gates, Vanel Ltd, Niz-
na, Slovakia). Subjects received visual feedback of their run-
ning time following each repetition and were encouraged ver-
bally during the run.

The SER150 protocol included 1 set × 4 reps of 150 m run-
ning (Table 4) with a 6 min rest period between the runs. The 
training volume progressed with the addition of one rep from 
the 4th week. The total distance of running during the whole 
training program was 8100 m in specific training sessions and 
9600 m in similar sessions.

The SER50 protocol is presented in Table 5, with a rest pe-
riod of 2 and 5 minutes between the runs and sets, respec-

tively. A training volume progression (of 1 set) was expected, 
but after four subjects were injured during the first two weeks 
of training, we decided not to increase the training volume in 
this training program. The total distance of running during the 
whole training program was 5400 m in specific training ses-
sions and 9600 m in similar sessions.

Measurement of resting hormonal level
Serum testosterone (TST) and cortisol (COR) were measured 
for resting hormonal levels (7:00–7:30) at week 1 (before the 
first training session) and week 6 (before the 18th training 
session). Also, the testosterone/cortisol ratio (TCR) was calcu-
lated and analyzed. Blood was collected into heparinized tubes 
to obtain plasma. All samples were centrifuged at 2500  ×  g 
for 10 min at 4 °C, no later than 30 mins after the blood was 
drawn, and plasma was stored at –80 °C for subsequent anal-
yses. All hormones were analyzed by Immunoenzymetric as-
say ELISA kits (DRG International, Inc., USA; Testosterone  
EIA-1559 and Cortisol EIA-1887), in accordance with the man-
ufacturer’s instructions. Intra-assay variation was 3.34–4.16% 
for TST and 3.2–8.1% for COR. The sensitivity of the assays 
was 0.083 ng/ml for TST and 2.5 ng/ml for COR. All samples 
of each subject were assayed in duplicate in the same assay to 
ensure each hormone avoided inter-assay variation.



86

Table 4. Characteristics of the SER150 training program

Exercise Distance Intensity No. of reps  
(in 1–3 week)

No. of reps  
(in 4–6 week)

Sets

Running 150 m 90–95% 1RM 4 5 1

Running 150 m 90–95% 1RM 4 5 1

Running 100 m 75–80% 1RM 8 8 2

Table 5. Characteristics of the SER50 training program

Exercise Distance Intensity No. of reps  
(in 1–3 week)

No. of reps  
(in 4–6 week)

Sets

Running   50 m 95–100% 1RM 3 3 3

Running   50 m 95–100% 1RM 3 3 3

Running 100 m 75–80% 1RM 8 8 2

Physical fitness testing
The endurance groups (ECR and EIR) were measured by Cooper’s 
12-minutes run test
This test was performed as described by Bandyopadhyay 
(2014). All subjects ran on a 350 m track for a total duration 
of 12 mins. They were highly motivated to run as many laps as 
possible and were verbally encouraged to reach their maximal 
level of effort during the test. The total number of laps was 
counted and the finishing point marked. Total distance (m) 
covered in 12 mins was calculated by multiplying the number 
of complete laps (350 m) and the distance covered (m) in the 
final incomplete lap (Bandyopadhyay, 2014).

The strength groups (RT and ET) were measured by 1RM in the 
bench press and by power output in the half squat jump
The subjects warmed up as has been described in the “train-
ing intervention” section. After a 5 minute rest period, par-
ticipants performed a lift with load (approx. 80% of estimated 
1RM) through the full range of motion. After each successful 
performance, the weight was increased (by 2.5–5.0 kg) until 
a failed attempt occurred. The 1RM was achieved in 6–8 at-
tempts. Two min rest periods were given between each at-
tempt in order to reduce fatigue effect. All 1RM measurements 
were recorded in kilograms for subsequent data analysis.

Following 1RM testing (5 min), the power output with 
the 80 kg barbell (Pmean80kg) in concentric contraction in 
the half squat jump was measured with the FiTRODyne pre-
mium device (FiTRONiC s. r. o, Bratislava, Slovakia) attached 
to a barbell and connected to a personal computer. Subjects 
carried out 2 × 2 repetitions with an 80 kg barbell placed on 
their shoulders. As described by Vanderka et al. (2016), each 
half-squat jump set consisted of two repetitions and the squat 
depth (approx. 90° knee angle) was controlled by foam cubes, 
which were 10 cm in width and individually adjusted for each 
subject. All subjects squatted down until the hamstrings 
touched the foam cubes and then jumped as high as possible. 
During these attempts, the subjects performed the concentric 
phase of the movement with maximum effort. The attempt 
with the highest power production was used for further anal-
yses.

The speed-endurance groups (SER50 and SER150) were measured 
by 50 m and 150 m sprint tests
Firstly, the subjects’ 50 m run times were measured according 
to the methods of Vanderka et al. (2016). Dual-beam light tim-
ing gates (Vanel-gates, Vanel Ltd, Nizna, Slovakia) were used. 

Subjects began from a stationary, standing start; the front 
foot was placed 50 cm behind the first timing gate (i.e. –0.5 m) 
to avoid spontaneous triggering of the timing gates (i.e. arm 
wave). All subjects performed two trials and ran as fast as pos-
sible throughout the entire 50 m distance. The rest interval 
between trials was 5 minutes. Subsequently, 5 mins after the 
last 50 m run, a second running test was carried out under 
similar conditions. Subjects performed 2 × 150 m maximum 
sprints with a 2 min rest period. The short rest period was cho-
sen due to the potential for analysis of fatigue index. During 
the 150 m sprint test, the time for 100 m was registered to 
establish training intensity in a similar session. The best times 
in the 50 and 150 m sprints were recorded for further analy-
sis. An indoor (200 m) track was chosen to create standardized 
conditions for the sprint test.

Statistical analyses
Standard methods were used to determine means and stand-
ard deviations. Statistical assumptions for each variable were 
performed using the Shapiro–Wilk test and Levene’s test. For 
hormonal analyses, the main effects of the training were ana-
lyzed by repeated‐measures ANOVA (six groups × two testing 
points). Bonferroni post hoc tests were applied to determine 
the source of differences. For physical fitness tests, the de-
pendent samples T-test was used to establish changes within 
the groups. Subsequently, differences between groups (specif-
ic for endurance, strength and speed-endurance) in absolute 
changes (Δ) over time were assessed by independent T-test. 
Cohen’s d was used and interpreted as <0.2 is a small effect, 
0.2–0.8 is a moderate effect, and >0.8 is a large effect. 95% 
confidence intervals (95% CI) were also calculated. Statistical 
significance was accepted at p ≤ 0.05. Each statistical analy-
sis was carried out by SPSS 23 statistical software (IBM, New 
York, USA).

 
Results

Resting hormonal level
The main effects of the training on resting hormonal level 
were observed (COR, F = 4.147, p = 0.045 and T/CR, F = 8.154, 
p = 0.006) in pre (week 1) to post (week 6) comparison. There 
were differences between the groups in relation to changes 
of resting level COR (ECR vs. ET, p = 0.036; ECR vs. SER50, 
p = 0.001); (EIR vs. ET, p = 0.014; EIR vs. SER50, p = 0.001) 
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and (RT vs. ET, p = 0.015; RT vs. SER50, p = 0.001). For T/CR, 
differences between the groups were observed (ECR vs. ET,  
p = 0.002; ECR vs. SER50, p = 0.001 and ECR vs. SER150,  
p = 0.001) and (RT vs. SER50, p = 0.042 and RT vs. SER150, 
p = 0.027), respectively. A summary of the results of resting 
hormonal level of each group is presented in Table 6.

After 6 weeks of training, the resting level of COR  
decreased in ECR (t = –2.737, p = 0.016, 95%CI = –60.45 to 
–7.33 ng/ml), EIR (t = –2.528, p = 0.027, 95%CI = –50.91 to 

–3.77 ng/ml) and RT (t = –2.199, p = 0.045, 95%CI = –48.80 to 
–0.61 ng/ml) compared to pre-values. Otherwise an increase 
of COR (t = 4.142, p = 0.006, 95%CI = 10.89 to 42.33 ng/ml) 
was observed in the SER50 group. T/C ratio significantly ele-
vated in ECR (t = 3.107, p = 0.008, 95%CI = 3.96 to 21.66) and 
EIR (t = 2.816, p = 0.016, 95%CI = 1.37 to 10.77) and decreased 
in the SER50 group (t = –3.263, p = 0.017, 95%CI = –8.38 to 
–1.19). There were no statistically significant differences in the 
resting level of TST compared to pre values in any groups.

Table 6. Resting hormonal level in pre- and post-training in each training group (mean ± SD)

Group Hormones Pre Post Cohen’s d

ECR
Cortisol (ng/ml)
Testosterone (ng/ml)
T/C ratio

214.91 ± 42.72
5.97 ± 1.61

29.00 ± 10.36

181.03 ± 57.90*
6.99 ± 2.05

41.82 ± 16.46*

0.50
0.35
0.57

EIR
Cortisol (ng/ml)
Testosterone (ng/ml)
T/C ratio

205.55 ± 41.91
5.27 ± 1.48

26.26 ± 7.83

178.20 ± 22.10*
5.66 ± 1.50

32.33 ± 10.24*

0.50
0.28
0.55

RT
Cortisol (ng/ml)
Testosterone (ng/ml)
T/C ratio

206.34 ± 45.51
5.75 ± 1.58

29.05 ± 9.72

181.63 ± 51.06*
5.63 ± 1.06

33.17 ± 10.59

0.40
0.07
0.30

ET
Cortisol (ng/ml)
Testosterone (ng/ml)
T/C ratio

247.78 ± 47.17
5.780 ± 1.65
23.64 ± 6.15

235.70 ± 43.73
5.672 ± 1.36
24.79 ± 6.03

0.21
0.04
0.13

SER50
Cortisol (ng/ml)
Testosterone (ng/ml)
T/C ratio

261.68 ± 52.90
5.77 ± 1.03

22.32 ± 4.52

288.30 ± 46.29*
5.29 ± 1.31

17.53 ± 4.33*

1.11
0.21
0.82

SER150
Cortisol (ng/ml)
Testosterone (ng/ml)
T/C ratio

231.33 ± 39.70
4.63 ± 1.21

20.80 ± 7.54

241.62 ± 29.64
5.01 ± 0.71

21.07 ± 4.13

0.16
0.29
0.03

* significant difference from pre values at p ≤ 0.05. T/C ratio – Testosterone/Cortisol ratio.

Endurance training groups
Both groups improved the distance covered during Cooper’s 
12-minute run test from pre- to post-training ECR (t =3.502, 
p = 0.004, 95%CI = 48.30 to 201.30 m) and EIR (t = 3.144,  
p = 0.008, 95%CI = 34.48 to 190.13 m), respectively. There 
were no differences between the groups at either time point or 
in the change from week 1 to week 6.

Strength training groups
The 1RM increased from pre- to post-training in both RT 
groups (t = 2.781, p = 0.016, 95%CI = 1.01 to 8.05 kg) and 
ET groups (t = 3.791, p = 0.002, 95%CI = 1.97 to 6.97 kg). 
Similar results were observed in Pmean80kg. In both groups, 
RT (t = 3.111, p = 0.008, 95%CI = 23.26 to 126.57 w) and ET  
(t = 4.100, p = 0.001, 95%CI = 43.69 to 137.24 w) power out-
put increase significantly. There were no differences between 
the groups at either time point or in the change from week 1 
to week 6 in both 1RM and Pmean80kg tests.

Speed-endurance groups
Compared to pre-training, the SER150 group showed a signif-
icantly decreased time (t = –3.624, p = 0.005, 95%CI = –0.70 
to –0.17 s) for the 150 m sprint test, while the results of the 
SER50 group remained unchanged in both tests. The SER150 
group also showed positive trends for the 50 m sprint test  
(t = –2.061, p = 0.066, 95%CI = –0.21 to –0.01 s). No differ-
ences were registered in pre-training (week 1) values. How-
ever, significant differences between the groups (t = 2.259,  

p = 0.037) were found in changes from pre- to post-training  
in the 150 m test.

 
Discussion

The primary purpose of this study was to determine the re-
sponse of the resting level of serum cortisol (COR), testoster-
one (TST) and testosterone/cortisol ratio (T/C) to different 
training modalities in physically active young males. A second-
ary purpose was to identify if the different training programs 
are an effective way to improve physical fitness according to 
the type of training modalities performed during six-week 
training programs.

 To the best of our knowledge, this is the first study that 
compares the effects of three different training modalities (en-
durance, strength, and speed-endurance) in combination with 
varying intensities on the resting hormonal level and physi-
cal fitness within a short-term duration among active young 
males. Our results demonstrate that the endurance (both ECR 
and EIR) and the strength (RT) training programs were mo-
dalities that positively affect the endocrine system via reduc-
tion of the resting level of COR. Also, both ECR and EIR led to 
increased T/C marker. On the contrary, SER50 was the only 
training program that led to a significant increase of COR and 
decreased T/C ratio marker. Moreover, except for the SER50 
training programs, each training program led to a significant 
improvement in physical fitness – as measured by specific tests 
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Table 7. Physical performance in pre- and post-training in each training group (mean ± SD)

Group Test Pre Post Cohen’s d

ECR Cooper’s 12-minute run test (m) 2999 ± 297 3124 ± 223* 0.64

EIR Cooper’s 12-minute run test (m) 2913 ± 251 3026 ± 156* 0.62

RT
1RM (kg)

Pmean80kg (w)
89 ± 13

1535 ± 140
94 ± 14*

1609 ± 189*
0.53
0.58

ET
1RM (kg)

Pmean80kg (w)
92 ± 9

1515 ± 142
96 ± 11*

1606 ± 125*
0.65
0.70

SER50
50 m sprint test (s)

150 m sprint test (s)
6.58 ± 0.27

19.75 ± 0.98
6.61 ± 0.24

19.71 ± 0.80
0.18
0.11

SER150
50 m sprint test (s)

150 m sprint test (s)
6.60 ± 0.30

19.79 ± 1.09
6.49 ± 0.30

19.36 ± 1.08*
0.44
0.77

* significant difference from pre values at p ≤ 0.05. 1RM – One repetition maximum in bench press; Pmean80kg – power output with 80 kg barbell in 
the half-squat jump.

according to the type of training modalities performed in each 
program.

As was mentioned in the introduction, changes of hormo-
nal level depend on the characteristics of the samples (gender, 
age, training experiences, etc.) as well as training program var-
iables (duration of the training program, frequency of train-
ing, modality, intensity, volume, etc.). In accordance with this 
knowledge, the results of this study were compared to other 
studies with a similar sample of participants’ and training pro-
gram variables.

TST is the primary anabolic hormone, and its biological 
effects include the stimulation of protein synthesis (anabolic 
effect) and inhibiting the protein degradation anti-catabolic 
effect (Vingren et al., 2010). A physiological level of TST is nec-
essary for regular strength and muscle adaptation to training 
(Kvorning et al., 2006). Firstly, all subjects were in the physio-
logical range for resting level of TST. In the present study, no 
changes were observed in the resting level of TST following any 
of the training programs., The role of TST changes induced by 
exercise training and the adaptation to the training program 
has not been not well explored yet and contraindicative results 
exist in the literature (Ahtiainen et al., 2003; Alghadir et al., 
2015; Grandys et al., 2009; Kraemer et al., 1999; Shakeri et al., 
2012). A current review by Hooper et al. (2017) suggests that 
neither an acute rise in TST following resistance exercise nor 
a long-term basal increase in TST is necessary to experience 
gains in strength and hypertrophy. This suggestion is in line 
with our results because both strength training programs (RT 
and ET) showed a significant increase in performance (1RM 
and Pmean80kg) without changes in the resting level of TST.

Moreover, similar results were observed in the endurance 
(ECR, EIR) and speed-endurance (SER150) training programs. 
Our results suggest that improvement in physical fitness of 
different training modalities can be reached without changes 
in the resting level of TST in active males. Also, we recommend 
that resting testosterone is not an appropriate parameter of 
positive or negative adaptation to physical training in subjects 
within a normal physiological range during a short-term train-
ing program.

One of the main findings of the present study was that all 
groups have a high level of resting COR during the pre-test-
ing. The upper limit in the range of the reference values for 
the national population is 224 ng/ml. In the present study, 
three groups were close to the limit (ECR = 214.91 ± 42.72; 
EIR = 205.55 ± 41.91; RT = 206.34 ± 45.51 ng/ml) and anoth-

er three were over (ET = 247.78 ± 47.17; SER50 = 261.68 ± 
52.90, SER150 = 231.33 ± 39.70 ng/ml) at pre-training test-
ing. A possible explanation of these high values is, as has been 
published before (Sedliak et al., 2007), that high level of COR 
can be considered as a result of higher anticipatory stress be-
fore the initial testing and that anticipatory COR responses 
had already disappeared after the first testing (Mason et al., 
1973). It should be noted that this phenomenon could affect 
our results.

COR induces catabolic effects in different tissues, such 
as skeletal muscle, bone, and heart muscle, among others. 
Increase of resting level of COR can negatively affect the ad-
aptation of these tissues to training via inhibition of protein 
synthesis and muscle growth (Hackney and Walz, 2013). 
Chwalbińska-Moneta et al. (2005) showed that moderate en-
durance training (similar to ECR) in young males induces a de-
crease in COR already after the first week of training, which 
is considered as an early hormonal effect of physical activity. 
A further reduction in the resting level of COR was observed 
within the following two weeks of training, which may par-
tially indicate an exercise adaptation to the training program. 
Also, Shakeri et al. (2012) observed a significant reduction of 
resting COR and increased T/C ratio, while TST remained un-
changed within the following six weeks of the moderate-inten-
sity endurance training program. Our results are in line with 
Shakeri et al. (2012), but a similar response of resting COR 
and TST was observed in both ECR and EIR as well as in the RT 
program. In these training programs, a moderate to vigorous 
intensity was involved. The reduction of resting COR levels ob-
served in the present study can be beneficial for both health 
and performance status, as it should allow the desired adapta-
tion of whole structures of the body to training. The decrease 
of COR could also have had a positive effect on the improve-
ment in physical fitness.

T/C ratio is a variable currently used in the evaluation of 
the organism response to acute and chronic physical stress-
ors (De Luccia, 2016). Earlier, the relationship between cor-
tisol and testosterone, reflecting anabolic-catabolic balance 
and the T/C ratio was considered as a marker of overtraining 
syndrome (Adlercreutz et al., 1986). The results of Fry and 
Kraemer (1997) supported this suggestion; they found that 
the high volume and/or high intensity related to overreaching 
or overtraining decreasing T/C ratio by increases resting level 
of COR and decreases resting TST levels. The results of Fry and 
Kraemer (1997) supported this suggestion; they found that 
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the high volume and/or high intensity related to overreaching 
or overtraining negatively affect T/C ratio by increases resting 
level of COR and decreases resting TST levels.

Thus, it seemed that the combination of volume and inten-
sity of the training programs used in the present study were 
not associated with overreaching and/or overtraining symp-
toms. However, the current findings of a systematic review of 
Cadegiani and Kater (2018) conclude that the COR and T/C 
ratio are not a good predictor of overtraining syndrome. The 
most current consensus indicated that the T/C ratio is related 
to the duration and intensity of training, and this ratio indi-
cates only the tangible physiological strain of training (De Luc-
cia, 2016). In the present study, a significant increase of the 
T/C ratio was found in those following the ECR and EIR train-
ing program, while no changes were observed in other training 
programs. These changes have been mainly caused by a signif-
icant reduction of resting level of cortisol, while testosterone 
level remains unchanged. These results suggest that ECR and 
EIR training programs (which involved moderate to vigorous 
intensity, total training session duration 30–60 minutes, per-
formed three times per week) present a suitable combination 
of intensity and duration of training sessions which lead to a 
positive hormonal balance between resting COR and TST level. 

The evidence suggests that overloading training can lead 
to the chronic catabolic state – which can be reflected by the 
increase of resting COR level, and thus, may negatively affect 
adaptation to training (Cadore et al., 2012). This mechanism 
could affect the response of the SER50 group to the training 
program. SER50 is the only group in which the resting level 
of COR and T/C ratio negatively changed while physical per-
formance remained unchanged. Additionally, in the first three 
weeks, four subjects were injured during this training program 
(hamstring injuries), and so volume progression was not ap-
plied. Taken together, SER50 (high-intensity interval training, 
which incorporated running as a training activity) performed 
with maximum intensity had a negative effect on the hormo-
nal response of resting COR as well as the incidence of inju-
ries. Based on our results, SER50 protocol is not appropriate 
for active males without sprint training backgrounds, and the 
practical application of this type of training program has to be 
deeply considered in both research and training.

From a practical perspective, each training program has 
had a moderate improvement effect on physical performance 
(in the range of d = 0.44–0.77) – except for the SER50 train-
ing program. Thus, it seems that the improvement of physical 
fitness is independent of changes in resting hormonal level 
mediated by training programs. Based on the data, it appears 
that a 6-week training period seems to be long enough to sig-
nificantly improve strength, endurance, and speed-endurance 
in previously active males if the intensity and volume are ap-
propriate.

Due to its relevance for both physical fitness and health, 
further research is recommended with other highly used train-
ing programs (such as high-intensity interval training, eccen-
tric strength training or training with vascular occlusion) and 
a large sample size with both genders and/or individuals with 
some form of physical or medical impairment.

 
Conclusions

These results suggest that the effects of the training program 
on resting hormonal concentration are modified more by the 
intensity than the modalities of training programs. The ECR, 
EIR and RT training programs were performed with a moder-

ate to vigorous intensity, which seems to be a key factor that 
affects hormonal responses to training programs. The train-
ing programs used in this study were designed to be as similar 
as possible to those used in practice by active people in their 
physical activity programs or among recreationally trained 
athletes. According to our results, the endurance and resist-
ance training modalities performed with a moderate to vigor-
ous intensity may be a usable way to manage the resting cor-
tisol level and enhance physical fitness in active young males.
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