
Introduction
One of the most important methods for 
determining the exercise intensity on the 
athletes to measure biochemical variables 
is measurement of enzymes, hormones, 
and metabolites.1 In line with the theme of 
this study, Agha-Alinejad et al showed that 
endurance training exercise can increase 
the secretion of cortisol in the blood.2 
Shakeri et al found that total testosterone 
secretion depends on the volume and in-
tensity of exercise.3 Beni et al after eight 
weeks of aerobic exercise measured the 
levels of testosterone and cortisol in young 
men and showed that after eight weeks of 
aerobic training, testosterone levels sig-

nificantly increased while cortisol levels 
decreased.4 Enhancing physical activity as 
a potent stimulation of known endocrine 
system depends on hormonal sensitivities 
to exercise intensity, and duration and type 
of exercise.5 The most important regulator 
of testosterone and cortisol are consistent 
practice.6 Ratios of testosterone to cortisol 
express the balance of anabolic and cata-
bolic muscle metabolisms.7 The anabolic 
hormone (testosterone) along with protein 
synthesis and muscle strength increase 
bone density and stimulate strength.8,9 
Enhancing the interaction between the 
cortisol and testosterone as a neutral phys-
ical activity is known. At the beginning of 
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Abstract
Background: Changes in hormone levels especially testosterone and cortisol occur as a result of 
exercise intensity. In other words, the exercise intensity significantly influences these changes. 
The aim of this study was to investigate the effects of aerobics-resistance (concurrent) exercise 
intensities on the serum testosterone and cortisol levels in the active men.
Methods: In this clinical trial, 10 healthy men were included in their combined activities in low, 
medium, and high levels. Different intensities (aerobic activity such as running on a treadmill at 
a speed of 8, 6.9, and 11.2 mph and resistance exercise on 45%, 65%, and 85% of maximum 
strange, maximum of six moves) were considered for all participants for unity. Blood samples 
were measured in three phases (baseline, immediately after exercise, and 24 hours after training 
contracts) at three levels. Two-way analysis of variance (ANOVA) with repeated normal data and 
Bonferroni post hoc test were conducted.
Results: The results showed that cortisol and plasma lactate concentration was declined 
immediately before and 24 hours after the combined exercise with the significant level of activity 
(P < 0.05). Joint action at different intensities resulted in significant changes not in testosterone 
level (P < 0.05).
Conclusion: In this study, the intensity of training as an independent variable influencing the 
changes in the levels of testosterone and cortisol has been recommended; so highly sport-
affected hormonal changes during the combined exercise should be considered more than that 
in one exercise.
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long-term exercise training, testosterone increases and 
with continued operation, it decreases. The endocrine 
compliance regulates the muscle activity, stimulates the 
glycogenolysis, and facilitates the gluconeogenesis.10 
Glucocorticoid cortisol produced by the adrenal glands 
is the main, most important anti-stress hormone in the 
body. However, the increase in long-term problems caus-
es immune system problems and analysis of their most 
important proteins.11 The cortisol present in the muscle 
and fat tissue that breaks down protein into amino acids 
and glycerol is a catabolic hormone that affects free fatty 
acids in the body by hydrolysis of triglyceride.
Therefore, cortisol can be a powerful hormone to limit 
skeletal muscle development.12,13 Instead of an increase 
in testosterone level, muscle hypertrophy and increased 
strength can also be a result of a drop in cortisol level. 
In either case, maintaining and increasing the concen-
tration of testosterone in circulation along with a drop in 
cortisol level could be a major factor in promoting mus-
cle hypertrophy resistance training program followed 
by chronic or severe exercise.14 Both resistance training 
and aerobic training programs are interesting and useful 
for competitive and recreational athletes. Doing a lot of 
training programs at the same time catches that in both 
forms of normal exercise.15 Aerobic exercise causes some 
physiological adaptations such as maximal aerobic power 
and efficiency of the cardiovascular system.16 Resistance 
training increases muscle mass and muscle strength.17 
Practicing with several energy devices and multi tasking 
types of exercise (resistance training and aerobics) are 
called parallel or combination exercises. A combination 
of separate aerobic and resistance training exercises im-
prove body composition and cardiovascular health fac-
tors18 and develop physical fitness and metabolic health.19 
Concurrent strength and endurance training, compared 
with both style training activities alone, leads to the dis-
ruption of compatibility. This feature is known as the 
effect of concurrent training or interaction.20 Powerful 
stimulant acute resistance exercise increases the concen-
tration of testosterone and cortisol. However, the com-
bined activities could have higher metabolic demand and 
thus lead to a further increase in cortisol, which can neg-
atively affect the release of testosterone during a training 
session.21 It seems that testosterone and cortisol respond 
to higher intensity and longer duration of activity.22,23 
High-intensity training protocols involving large muscles 
acutely increase testosterone level,24 and also when the 
exercise intensity decreases from 70% to 40%, hormonal 
responses decrease in both sexes.25 Testosterone secretion 
of glucocorticoids depends on especially cortisol syn-
thesis.26 Changes in serum cortisol are dependent on the 
type, intensity, and duration of activity so that one of the 
most significant drivers of secretion of hormones is se-
vere physical activity. Intense physical activity increases 
the secretion of adrenocorticotropic hormone (ACTH), 
and cortisol secretion is increased as a result. However, if 
the activity is below the threshold intensity, cortisol levels 
may not increase above resting levels and may decrease.27 
Rosa et al in their study of the effect of compound ac-
tivity on serum cortisol in healthy men concluded that 
both activities regardless of their sequence which reduced 
the cortisol level depend on the intensity of exercise.28 In 
contrast, Cruz et al in their study on obese adults exam-

ined cortisol after combination exercise. Use of adequate 
combination intensity exercise does not increase cortisol 
level in young obese adults.29 Cadore et al30 examined the 
physiological effects on testosterone and cortisol activi-
ty in combination with different sequences. Testosterone 
level significantly increased immediately after aerobic ac-
tivities and resistance exercises. Cortisol returned to rest-
ing level immediately after exercise in both groups. The 
inverse relationship between cortisol and testosterone 
can be observed. Therefore, the lower levels of cortisol 
increase testosterone levels. Thus, physical activity is ef-
fective in increasing testosterone. It is assumed that if total 
energy expenditure (in step aerobics activities) and work-
load (at the stage of resistance exercise) combine during 
an exercise at different intensities, the response is possibly 
similar to these hormones. This study aimed to investi-
gate the effect of combined aerobic-resistance exercises 
on the amount of active testosterone and cortisol in men.

Methods
Subjects included 10 male physical education students of 
Shahid Chamran University of Ahwaz. Subject selection 
was based on a homogeneous condition. Fifty-six stu-
dents attended as the first applicants, and then 14 subjects 
were accepted with homogeneous characteristics of an-
thropometric and body composition, weight, and height. 
The subjects were selected voluntarily and they agreed to 
the terms written in this clinical trial. Following the im-
plementation of the project, 4 out of 14 were eliminated 
due to lack of continuous operation in the implementa-
tion of clinical sports trials. Finally, the study periods of 
the test data of 10 individuals eligible to participate in the 
project were measured and recorded from the beginning 
to end. Having active regular exercise (more than one 
session per week) in the last 6 months and the subjects’ 
medical records showed that subjects did not have any 
history of cardiovascular disease or dysfunction of the 
immune system. In addition, participants with infectious 
diseases or taking any medication associated with inflam-
mation during the study were excluded from the study, 
along with participants who were absent in the exercise or 
had flu. The participants were asked if they used perfor-
mance-enhancing drugs and other medicines that could 
affect the research. The participants also were given the 
necessary information about the purpose and risks of the 
study. Subjects who met the inclusion criteria provided 
informed consent. In four sessions, the participants went 
to the laboratory of Physical Education. In the first test 
of maximum oxygen consumption (VO2max), maximum 
power or one repetition maximum (1RM), body compo-
sition, and anthropometric dimensions were measured. 
During joint action before the sessions (sessions II, III, 
and IV), the subjects were asked to refrain from any stren-
uous activity for 72 hours. In addition, participants were 
asked to report any disease before completing the report. 
Accordingly, acute fluctuations of inflammatory markers 
were minimized before collecting venous blood samples. 
After at least 10 hours of overnight fast, subjects were 
referred at 7:30 am-7:45 am to the laboratory for acute 
combined activities. After taking the initial blood sample 
of subjects, intensities of activity in the form of a cross 
combination within 7 days and at the end of each session, 
at the end of 24-hour blood samples, were measured. The 
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concentrations of hormones were measured in compari-
son to baseline (prior to exercise) for different groups of 
subjects, heavily used in combination activities, including 
low, medium, and high intensities. Joint action at differ-
ent intensities on the aerobic energy costs and workload 
on stage matched the resistance. All sessions combined 
activities for each subject at the same time and at a tem-
perature of 20-25°C and relative humidity of 30% to 35% 
in the laboratory of Physical Education. Research outline 
is shown in Table 1.
Anthropometric characteristics, body composition, 
height, and weight of the subjects were measured with an 
accuracy of 5 mm and 2.0 kg. Body mass index (BMI) was 
calculated by dividing weight by squared height (kg/m2). 
Body composition was measured using a spectrophotom-
eter (Olympia version 3.3, Guan Company, South Korea). 
Maximum power was measured via one repetition maxi-
mum (1RM) in six bench press, leg press, barbell biceps, 
leg curl, lat pull down machine, and the front of the hip 
using Berziki formula.31 [(Number of repetitions) 0278 / 
0-0278/1] / Weight shifted 1RM = maximal oxygen up-
take (VO2max). To determine VO2max, subjects’ Bruse 
protocol was performed on the treadmill (model Saturn, 
h/p/cosmos, Germany) and related data were collected 
through exchange respiratory gases continuously using a 
gas analyzer (model Gunshorn, Germany) and LS8 soft-
ware; the 4.10 mph arrives. For measuring testosterone 
and cortisol levels, blood samples were collected from 
the brachial vein (5 mL) following overnight fast (before 
exercise), immediately after and 24 hours after exercise 
activity in the second, third, and fourth sessions. Plas-
ma samples were stored at 70°C until use for measuring 
testosterone and cortisol levels. Testosterone and corti-
sol were measured (using a commercial kit 96 test-ELI-
SA-human-testosterone-D.plas, 96-test kits, ELISA-hu-
man-cortisol –D.plas) with ELISA reading device Biotech 
ELX800 models (USA).15 After a brief warm-up, subjects 
combined activities while the aerobic stage began before 
the resistance stage. Aerobic activity step and energy in-
take of 300 kcal for each compound were per individual.32 
In order to compare different intensities of activity com-
bined with aerobic phase, the subjects ran on a treadmill 
at speeds of 5 mph (8 kph) for low intensity, 6 mph (6.9 
kph) for moderate, and 7 mph (11.2 kph) for high inten-
sity.33 Duration of aerobic stage was separately calculat-
ed for each individual based on the following formula: 
kcal = MET × weight (kg) × time (h).34 Matt (metabolic 
equivalent of task) values used for low intensity, medi-
um, and high aerobic stage were 8, 10, and 5.11, respec-
tively.33 For resistance exercise, six subjects did the front 
thigh in the bench press, leg press, barbell biceps, leg curl, 
lat pull down machine. To measure the capacity of resis-
tance activity of each participant in the study, the follow-
ing criteria were used: the total volume (kg) = the num-
ber of sets of repetitions × amount of weight (kg).35 The 

weight-intensity resistance values at low, medium, and 
high had one repetition maximum 45%, 65%, and 85%, 
respectively. Each movement was repeated three times, 
and the number of repetitions per set for each move was 
obtained by the above formula,35 between low, medium, 
and high sets 1, 2, and 3 minutes between the three min-
utes movements. Descriptive statistics were used to cal-
culate the mean and standard deviation of variables. In 
addition, to evaluate the frequency, the Shapiro-Wilk test 
was used to test research hypotheses via two-way analysis 
of variance (ANOVA) with repeated measures and post 
hoc Bonferroni. And to study parameters with each oth-
er at extremely low, moderate, and high intensities, Pear-
son correlation test was used. All statistical analyses were 
done using SPSS version 17.0 when the level of 0.05 was 
considered significant. 

Results
Subjects’ features were as follows: mean age (15.1 ± 3.20 
years), height (7.5 ± 172 cm), weight (64.5 ± 28.64 kg), and 
BMI (73.1 ± 88.21). Anthropometric indices, body com-
position, and physiological features of subjects are shown 
in Table 2.
Data on glucose, lactate and total plasma protein before, 
immediately after, and 24 hours after a meeting of differ-
ent intensities of joint action are shown in Table 3.
Analysis of the results showed that the lactate concentra-
tions at different times in each sampling and at different 
intensities were significantly different (P = 0.001). Bonfer-
roni post hoc test showed a significant difference between 
lactate concentration in the subjects immediately after the 
activity and 24 hours after activities per se highly active 
combination (P < 0.05). Analysis of the results also showed 
that the subjects’ glucose and plasma total protein did 
not significantly change immediately after exercise and 
24 hours after exercise compared to before combination 
exercise in different intensities of the activities (P < 0.05). 
A significant difference was seen between different inten-
sities of exercise combined with active exercise immedi-
ately after and 24 hours after regarding the concentration 
of lactate, glucose, and total plasma protein of subjects 
(P < 0.05). Combined testosterone response to an acute 
exercise session with different intensities is presented in 
Figure 1. The findings showed that testosterone levels im-
mediately after the exercise of participants and 24 hours 
after exercise compared with before combination exercise 
did not significantly change in different intensities of ac-
tivities (P < 0.05). A significant difference was observed in 
the testosterone concentration of subjects regarding dif-
ferent intensities of combination exercises immediately 
after and 24 hours after exercise (P < 0.05; Figure 1). 
Joint action did not show significant differences in tes-
tosterone concentrations with respect to the intensity of 
meeting immediately after, and 24 hours after the exercise 
of the participants (P > 0.05).

Table 1. Schematic Representation of Research

Start

Blood samples before 
exercise

Low-intensity activity Blood samples immediately after exercise
Blood samples 24 hours after 
exercise

Blood samples before 
exercise

Middle-intensity activity Blood samples immediately after exercise
Blood samples 24 hours after 
exercise

Blood samples before 
exercise

High-intensity activity Blood samples immediately after exercise
Blood samples 24 hours after 
exercise
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Cortisol response to acute exercise in combination with 
different intensities is presented in Figure 2. The findings 
showed that the subjects’ cortisol levels did not signifi-
cantly differ immediately before and 24 hours after exer-
cise compared to activity at different intensities of joint 
action (P < 0.05). The results showed that the combination 
of different-intensity exercises was significantly different 
immediately after the exercise in cortisol levels of sub-
jects (P < 0.05). However, 24 hours after the exercise, there 
was no significant difference in cortisol levels (P < 0.05). 
Bonferroni post hoc test revealed that cortisol levels were 
lower immediately after the exercise compared with be-
fore and 24 hours after exercise. As a result, post hoc test 
showed a drastic reduction regarding the intensity than 
the other two (P < 0.05; Figure 2).
As a result, post hoc test was shown to significantly re-
duce the intensity than the other two (P > 0.05).

Discussion 
Decrease in anabolic hormones (testosterone) to catabol-
ic ones (cortisol) plays an important role in reduction of 
physical strength, muscle mass, and aerobic power.36 The 
ratio of testosterone to cortisol response in exercise is also 
used to evaluate the performance of the predictive capaci-
ty; when the ratio is above, it represents some conditions; 
30% or more reflects decrease in anabolic and catabol-
ic conditions in the body.5,6,37 The findings of this study 
showed no significant difference in testosterone level im-
mediately and 24 hours after different intensities of com-
bination exercise. The study of Cadore et al included 30 
minutes of aerobic activity on a bicycle ergometer at 75% 
of maximum heart rate and four resistance movements in 
three sets with eight reps at 75% of one repetition maxi-
mum (1RM), showing significant increase in testosterone 
during the first phase of blood taking (exercise) in both 

Table 2. Mean and SD of Anthropometric Characteristics, Body 
Composition, and Physiological Features of Active Men

Variables Mean ± SD
Age (years) 20.30 ± 1.15
Height (cm) 172 ± 5.70
Weight (kg) 64.28 ± 5.64
BMI (kg/m2) 21.88 ± 1.73
Maximum oxygen consumption (ml/kg/min) 48.93 ± 3.03
Fat percentage (%) 15.25 ± 3.61

Abbreviations: BMI, Body mass index; SD, standard deviation.

Table 3. Mean and SD of Lactic Acid, Glucose, and Plasma Total Protein Before, Immediately After, and 24 Hours After the Combined 
Activity (With Varying Intensities) Of Active Men

Variables Before Training Immediately After Training Changing After 24 Hours

Low-intensity 
activity

Glucose (mg/dL) 84.4 ±18.90 78.1±17.30 82.2±14.8
Lactate (mmol/L) 2.34±0.57 6.91±1.58* 2.16±0.52€
Total protein (mg/dL) 6.25±0.90 6.14±0.28 5.85±0.28

Middle-intensity 
activity

Glucose (mg/dL) 15.70±82.3 83.3±20.40 90.5±14.60
Lactate (mmol/L) 0.58±2.13 6.45±1.12* 1.98±0.95€
Total protein (mg/dL) 5.99±0.35 6.18±0.28 5.84±0.54

High - intensity 
activity

Glucose (mg/dL) 87.20±16.50 81.80±17.90 89.90±15.50
Lactate (mmol/L) 2.09±0.33 6.54±1.91* 192±0.35€
Total protein (mg/dL) 6.33±0.49 6.153±0.5 6.09±0.52

Abbreviation: SD, standard deviation.

Figure 1. Mean Testosterone Levels in Different Intensities of 
Combination Exercises of Active Men.

Figure 2. Average Cortisol Levels in Different Intensities of 
Combined Exercise.
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aerobic-resistance exercise (AS) and resistance-aerobic 
exercise (SA), and in the second phase of blood taking, 
only immediately after exercise, a significant increase in 
AS group. During the meetings, AS and SA changes in 
testosterone levels after the first blood sample were larger 
than those in the second phase.30 In the study by Goto et 
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al, no significant differences were observed in the concen-
trations of testosterone, cortisol, glucose, and lactate due 
to resistance exercise, aerobic activity with and without 
performance.38 In this study, changes were measured in 
testosterone levels in three different intensity levels (low 
45%, moderate 65%, severe 85%) equal to the amount of 
energy used per intensity immediately and 24 hours af-
ter exercise; none of these changes were significant. The 
Cadore et al results were inconsistent with the findings 
of Goto et al.38 Hormonal manipulation of various factors 
can increase testosterone level in response to optimized 
exercise, related to the impact of acute exercise session 
such as time and intensity,14,15,39 and interval16,40 hours of 
muscle mass.17,41 Long-term performance sets of numbers 
and compatibility with different training protocols may 
trigger hormonal responses to increase concentrations 
of hormones separately in order to optimize the compat-
ibility with exercise protocols.19,20,39 The type of protocol 
used in this research can be stated because of inconsistent 
results, in addition to the synthesis of neurotransmitters’ 
testosterone production (ARs) regarding the power of 
the synthesis of contractile proteins.14,22,23 Increased tes-
tosterone in response to resistance training appears to be 
related to the level of increase in the number of andro-
gen receptors (ARs) in human cells.14 The content of ARs 
was not measured in this study, as it may change due to 
the interaction of circulating testosterone in the hormone 
receptors. Testosterone may result in an increase rather 
than a decrease in the secretion of the receptor binding. 
In fact, in practice, the number of ARs increased the re-
sistance; also resistance exercise resulted in a sharp rise 
in the ARs content.14,26,27,42 The subjects in this study were 
physical education students, who were more interested 
in consistent aerobic exercise; therefore, one of the men-
tioned mechanism differences between the results can be 
attributed to this factor. However, this hypothesis must be 
considered with caution. The most likely hypothesis for 
the increase in resistance exercise stimulates the sympa-
thetic nervous testosterone from the Leydig cells of the 
testes and adrenal glands and lactate.31,32,42-45 Thus, no 
significant changes in the intensity of lactate after mixed 
activity may explain significant changes in testosterone 
concentrations. Approximately, 14% decrease in plasma 
volume as one of the mechanisms of resistance exercise 
can increase testosterone concentrations.46 In fact, the in-
crease in plasma levels would be wrong regarding changes 
resulting from the decline in testosterone concentrations, 
while the reduction in plasma volume may also reveal an 
increased circulating level of testosterone.31,32,43,47 In this 
study, the change in total plasma protein was because of 
pooled activity at different intensities; joint action at dif-
ferent intensities resulted in no significant difference in 
total plasma protein as the main effect of intensity and 
timing of sampling. Thus, insignificant changes in the 
level of total plasma protein are consistent with no signif-
icant changes in testosterone. The findings showed that 
cortisol response after combination and interaction of 
different intensities of exercise (intensity × sampling) was 

not significantly different (P < 0.05). The results showed 
that cortisol levels significantly decreased immediately 
after exercise compared with before and 24 hours after 
the activity (P < 0.05). The findings regarding Cadore et al 
cortisol level are inconsistent with Cruz et al and Rosa et 
al.14,38,48,49 After low or high intensity, short-term or long-
term exercises reduced when blood glucose levels and cor-
tisol concentrations increased to maintain blood glucose 
level.13,49,50 Glucose levels were measured in the present 
study; the combined activities with different intensities 
did not lead to significant differences in glucose, possibly 
to justify significant changes in cortisol. By reducing the 
volume of plasma, cortisol concentration increases.13,49 
Lack of significant changes in plasma total protein con-
tent showed no significant changes in cortisol level after 
different intensities of joint action in the study. Cortisol 
concentrations have shown similar responses among sed-
entary individuals, aerobic farmers, and resistance train-
ing conservatives.49-51 Insignificant changes in the cortisol 
level after exercise of the subjects were observed in ac-
tive athletes with the above statement. The results can be 
different from sedentary subjects who had been justified 
with high BMI kg/m2.25

Alghadir et al showed that increased levels of lactate at 
the end of practice changed cortisol levels during the rest 
of recovery. It is also possible that the duration of aerobic 
exercise is associated with changes in salivary and LDH.52 
As generally shown by Mohamadi et al and according to 
the results of present study, although the pattern of chang-
ing serum level of cortisol and testosterone hormones in 
both exercise groups is similar, in short-term protocols, 
LIBFR can increase catabolic-anabolic hormones greater 
than that of HIWBFR in young males. Hence, restricting 
blood flow during exercise is an important factor in mak-
ing hormonal responses. However, because of the limited 
number of studies in this area, further studies are required 
for more precise understanding of the mechanisms in-
volved in the hormonal responses to exercises.53 The level 
of cortisol in athletes was 1% higher during the resting. It 
should be noted that during exercise, the level of cortisol 
is associated with level of exercise intensity. The present 
study showed that one session of exhaustive exercise is 
not influential upon IL6 inflammatory marker and cor-
tisol hormone.54

Conclusion
In general, the results showed that low intensity exercises 
combined with activities in men had no significant effect 
on testosterone levels; only the active males’ cortisol lev-
els had significant changes immediately after the exercise 
compared with before, and 24 hours after activity. The 
significant changes in testosterone and cortisol likely re-
flect the importance of volume, duration, and intensity of 
activity, and energy expenditure higher than the activity. 
More research is needed for better understanding of tes-
tosterone and cortisol in different time periods (for ex-
ample, one hour, four hours, and 48 hours after exercise) 
to measure possible changes following acute combination 
exercise.
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