
Journal of Physical Education and Sport ® (JPES), Vol. 22 (issue 2), Art 56, pp. 448 - 454, February 2022 

online ISSN: 2247 - 806X; p-ISSN: 2247 – 8051; ISSN - L = 2247 - 8051 © JPES 

448-----------------------------------------------------------------------------------------------------------------------------------   

Corresponding Author: ELENA ROMANOVA, E-mail: romanovaev.2007@mail.ru   

Original Article 
 

 

 

Cortisol and testosterone content variability in blood serum of professional 

wrestlers under different conditions of physical activity 
 

АNDREY GRYAZNYKH1, MARIYA KISELEVA2, MIKHAIL KOLOKOLTSEV3, ANTON 

VOROZHEIKIN4, VIKTOR BELYKH5, ELENA ROMANOVA6, SERGEY AGANOV7, ANDREI TARASOV8 
1 Humanities Institute, Yugra State University, Khanty-Mansiysk, RUSSIA 
2 Department of Defectology, Psychology and Physical Culture, Kurgan State University, RUSSIA 
3 Department of Physical Culture, Irkutsk National Research Technical University, RUSSIA  
4 Department of Information Technologies, Kaliningrad Institute of Management, RUSSIA 
5 Department of Life Safety and Disaster Medicine, Institute of Clinical Medicine named after N.V. 

Sklifosovskiy, I.M. Sechenov First Moscow State Medical University (Sechenov University), RUSSIA 
6 Department of Physical Education, Altai State University, Barnaul, RUSSIA  
7Department of Physical Training, GPS Emercom of Russia St. Petersburg University, RUSSIA 
8 Department of Pediatrics and Preventive Medicine, Immanuel Kant Baltic Federal University, RUSSIA 

 

Published online: February28, 2022  

(Accepted for publication February 15, 2022)  

DOI:10.7752/jpes.2022.02056 

         

Abstract: 

Hormonal mechanisms of metabolic reactions regulation during chronic muscle loads determine the course of 

recovery processes in athletes' body. Nutrients of various compositions intake (mainly protein foods) affects the 

hormonal relationship of anabolic and catabolic hormones and can act as a factor in correcting the damaging 

effect of intense physical activity on the human body, having a modulating effect on metabolism. In this 

research, the consistency of the anabolic index as a biomarker and its dynamics changes when taking dietary 

protein were determined. The aim of this research is analysis of postprandial (after protein intake) dynamics of 

changes in the content of cortisol and testosterone in athletes' blood serum and the anabolic index as biomarkers 

of functional tension in different background conditions. Materials and methods. During the research 2 series 

were performed. The scheme of the serties is as follows: first series: food + load, the second series: load + food. 

The hormone content and anabolic index were determined in 12 athletes 15, 45, 75 and 105 minutes after 

physical activity (60 minutes) in different conditions of protein intake. Reserarch results. In the first series, 

athletes had a 1.6-fold decrease in cortisol concentration after 75 minutes and 2.2-fold after 105 minutes, the 

anabolism index increased 2.2-fold by 105 minutes of the recovery period. In the second series, no significant 

changes in the concentration of cortisol were registered. There was an increase in the anabolism index by 82.4%, 

relative to the value of this indicator in the first series. In both series of the research, testosterone concentration 

in the athletes' blood serum was little affected by the intake of protein food against the background of a 

significant increase in the anabolism index. Conclusion. It has been established that protein food is able to have a 

modeling effect on reducing the stress level of athletes' hormonal background. 

Key Words: physical load, protein food, cortisol, testosterone, anabolic index 

 
Introduction 

The study of the effects of specialized sports nutrition use, nutrients with pronounced desired protective 

properties use in acute and chronic muscle loads is a rapidly expanding field of scientific research and arouses 

high interest from the academic community and athletes (Nieman, 2021). The main variables affecting the 

adaptation of the body during endurance training are the duration and intensity of physical exercises. Restriction 

or availability of nutrients before and during exercise can affect the training process by modulating exercise 

stimuli and/or physiological and molecular responses to disturbances caused by physical exertion (Rothschild et 

al., 2020). In the literature, there are reports of experts on the effect of eating before prolonged muscular exertion 

on the metabolic, physiological and functional reactions of the athlete's body. This topic is a focus for future 

research (Aoyama, 2020; Hansen et al., 2020; Pourabbas et al., 2021). 

As a prerequisite, peer-reviewed articles published in English meeting the criteria of sports 

specialization, qualifications, age and conditions of our research were analyzed. An analysis of publications in 

these categories showed that taking protein supplements improves training and sports results in response to acute 

and chronic muscle loads. The authors have shown that protein supplements increase muscle mass and strength 

abilities during intense acute and prolonged workouts in physically active groups of the population (Chapman et 

al., 2021). There is extensive research on the effects of adequate dietary protein intake when exercising or 
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exercising (Huecker et al., 2019). To increase pure muscle protein gain, athletes participating in resistance 

exercises usually consume both protein and carbohydrates with food during recovery after training. The 

combined use of a relatively small amount of protein and/or amino acids with carbohydrates can be used to 

enhance postprandial insulin secretion and accelerate the rate of muscle glycogen synthesis. Taking protein foods 

and amino acids can stimulate the synthesis and improve the balance of muscle protein and inhibit its breakdown 

in muscles after exercise. This leads to a more effective adaptive response of the athlete's muscular system to 

each subsequent exercise. In addition to dietary protein use during muscle work, an essential characteristic is the 

assessment of the anti-inflammatory properties of a protein diet in people under conditions of possible muscle 

damage caused by exercise (Methenitis et al., 2021). 

 The detection and validation of biomarkers related to nutrition and exercise aimed at improving health, 

performance and recovery in athletes is a promising research area. Research in the field of exercise physiology 

has identified individual biomarkers for assessing health, performance and recovery during exercise. There are 

several recommendations for identifying biomarker panels when tracking changes in individuals participating in 

physical activity and exercise programs (Lee et al., 2017; Siti Baitul mukarromah et al., 2021). These authors 

recommend using a set of proven biomarkers that can be used in clinical and sports practice. Clinical predictors 

of functional performance and recovery in sports include the index of anabolism (Hayes et al., 2010; Betts et al., 

2011; Lee et al., 2017; Cadegiani, 2019; Martin-Rincon et al., 2019; Ambroży et al., 2021; DeBlauw et al., 

2021). 

 

Research aim. The aim of our research is to investigate the dynamics of changes in the content of 

anabolic and catabolic hormones and the anabolic index in athletes' blood serum under different background 

conditions. 

 

Material & methods  

12 highly qualified male athletes (age 21.3±2.8 years; body length 1.71 ± 0.06 m; body weight 71 ± 3.3 kg) 

were invited to participate in the project. According to the medical examination, all participants were healthy, 

engaged in judo wrestling for at least 9 ± 1.0 hours a week. The main conditions for participation in the research 

were consideration of bioethical norms, voluntary participation and the athletes' written informed consent. 

All studies were conducted during the preparatory period of the training macrocycle in the morning, under 

the conditions of fasting study (FS). Two days before the examination, the training activity was minimized. 

Acute physical exertion, with a capacity of m2 W / kg of body weight, was simulated by working on the 

Aerofit MaxFit B7 bicycle ergometer (cadence - 60-65 revolutions per 1 minute) for 1 hour. We used a certified 

biochemical analyzer BIO-RAD 550 and standard kits for the determination of hormones «IFA-BEST». 

 

To study the dynamics of the secretion of endogenous hormones in the blood serum, a nutritional load in 

the form of a trial (test) breakfast was used: 100 g of boiled meat and 200 ml of unsweetened tea. A serial 

examination of the athletes was conducted. In the first series, athletes took a protein breakfast in the morning, then 

performed a load on a bicycle ergometer (food + load). In the second series, athletes in the morning of the fasting 

study (FS) first performed physical activity, after that they took protein food (load + food). In each series, the 

hormone content in the blood serum during the fasting study was determined and in dynamics after 15, 45, 75 and 

105 minutes. The content of cortisol Steroid IFA-cortisol-01 («Alkor Bio», Russia) and testosterone in blood 

serum was determined by enzyme immunoassay using standard kits. In relation to testosterone/cortisol (%), the 

anabolism index (AI) was found. 

The formation of summary tables of the results obtained was carried out in the Microsoft Office Excel 

2016 software environment, statistical processing of the material and plotting were carried out using the 

STATISTICA 10 program of StatSoft. The choice of the statistical analysis method was carried out on the basis of 

studying the normality of the sample distribution. The choice of parametric or nonparametric method of statistics 

was determined by the Kolmogorov-Smirnov and Shapiro-Wilk tests.  

With a normal distribution of the sample (p>0.20 according to the Kolmogorov-Smirnov normality 

criterion, p>0.05 according to Shapiro-Wilk), parametric statistics methods (Student's t-test, Pearson correlation 

coefficient) were used. In another case, nonparametric statistical methods were used (Mann-Whitney U-test, sign 

criterion, Spearman correlation coefficient). The differences and correlation at the level of p<0.05 were considered 

statistically significant. The correlation strength was assessed according to the generally accepted ranking table. 

 

Results 

Analysis of the results showed that under conditions of relative muscle rest in the first series of the 

research, the level of cortisol in the athletes' blood serum exceeded the reference values and amounted to 1068 ± 

118.2 nmol/l (Table 1). Compared with the data obtained by the fasting study, eating led to a decrease in the 

concentration of cortisol in the blood by 1.6 times at 75 minutes and by 2.2 times by 105 minutes between the 

digestive period, р˂0,001. 
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Table 1. The content of cortisol, testosterone and their ratio (anabolic index) in athletes in various 

functional conditions and when taking protein food 

 
Cortisol (180-660 nmol/l) 

 FS 15ʼ 45ʼ 75ʼ 105ʼ 

Background 1068±118.2 926.1±83.5 841.3±88.2 639.8±63.9### 486.9±27.3### 

Load 581.2±45.9** 696.3±55.9** 610.1±70.4 473.5±41.4 474.8±41.4 

% to background values 54.4 75.2 72.5 74.0 97.5 

Testosterone (12.1-38.2 nmol/l) 

Background 31.3±3.8 34.1±4.1 33.4±3.6 31.3±4.3 30.0±4.8 

Load 30.6±2.7 35.3±2.5 33.9±4.2 37.2±3.5 38.4±3.9 

% to background values 97.7 103.4 101.6 118.9 127.7 

Anabolic index (free testosterone /cortisol ratio) % 

Background 0.029±0.002 0.038±0.005 0.042±0.005# 0.052±0.008# 0.064±0.012# 

Load 0.054±0.005*** 0.053±0.005 0.058±0.006 0.082±0.009*/# 0.089±0.018 

% to background values 182.39 139.92 140.70 155.57 137.98 

 

Note. Background – background indicators; Load – indicators after muscle load, FS – fasting study; significance 

of differences regarding the background: * - р<0.05; ** - р<0.01; *** - р<0.001; significance of differences 

regarding the fasting study values: # -  р<0.05; ## - р<0.01; ### - р<0.001 

 

After performing the fasting study in the second series of acute physical activity, the first sample 

showed a 54.4% decrease in the concentration of cortisol in the athletes' blood serum relative to the background 

value (p<0,001), which is explained by the high content of cortisol at rest, which significantly exceeded the 

reference values. In this case, the muscle load caused a decrease in the concentration of cortisol in the blood 

(perhaps there was an elimination of the hormone from the blood). The intake of protein food after the test load 

in the second series caused an increase in the cortisol index at 15 minutes between the digestive period, followed 

by a dynamic decrease by 75 and 105 minutes to 473.5 ± 41.4 and 474.8±41.4 nmol/l, respectively (Table 1, 

Figure 1). 

 

 
Note. FS - fasting study 

Fig. 1. Dynamics of changes in the cortisol content in the athletes' blood serum after the action of muscle 

load and protein intake 

It was found that the testosterone content in the blood of the examined athletes in both series was within 

the reference values. During the entire postprandial period, there was no significant effect of protein intake on 

the testosterone content in athletes, p>0.05, (Table 1). Analysis of changes in the values of testosterone in the 

blood after taking protein food revealed no significant changes in both series. In the first series, there is a slight 

increase in this indicator at 15 minutes, followed by a decrease to 105 minutes (Figure 2). 
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Note. FS - fasting study 

Fig. 2. Dynamics of changes in the testosterone content in the athletes' blood serum after the action of 

muscle load and protein intake 

 

In the second series, the intake of protein food after performing a muscle load caused a slight increase 

(27%) in the concentration of testosterone, reaching a maximum by the 105 minute of the recovery period in 

relation to the conditions characteristic of the secretion during the fasting study. Under conditions of relative 

muscle rest in the first series, an increase in the anabolic index was found to be 2.2 times in the postprandial 

period with a peak value at 105 minutes, р˂0.05 (Figure 3). In the second series, immediately after performing 

the muscle load under the conditions of the fasting study, there was an increase in the testosterone/cortisol index 

relative to the value of the indicator in the first series by 82.4% (р˂0.001). In the studied postprandial period, an 

increase in the anabolism index was found with a peak value at 105 minutes (Figure 3). 

  
Note. FS - fasting study 

Fig. 3. Dynamics of changes in the testosterone/ cortisol ratio in the athletes' blood serum after the action 

of muscle load and protein intake 

 

The athletes' correlation calculation of the anabolism index results under the conditions of relative 

muscle rest and after muscle load for 60 minutes are shown in Table 2. 

 

Table 2. Evaluation of the relationship between hormones and anabolism index under the conditions of 

muscle rest and muscle load (60 minutes) in athletes (only significant changes are indicated) 

 
Background 

Load 

Cortisol Testosterone 

FS 15ʼ 45ʼ 75ʼ 105ʼ FS 15ʼ 45ʼ 75ʼ 105ʼ 

 

 

 

T/C 

 

FS  
 

-0.272 

0.759* 

0.772* 

0.671 

0.741* 

-0.174       

15ʼ 
    

0.723* 

0.336      

45ʼ 
   

-0.546 

0.711*       

75ʼ 
      

0.882** 

0.191 

0.832** 

0.163 

0.913*** 

0.366  

105ʼ 
    

-0.551 

-0.809**     

0.944*** 

0.587 

Note. Correlation relationship: - weak (r = from 0 to ±0.299), - medium (r = ±0.3 to ±0.699), - strong (r = from 

±0.7 to ±1); 

* - р<0.05; ** - р<0.01; *** - р<0.001 
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Analyzing the results of scientific research, we believe that a possible reason for a significant increase 

in the anabolism index in the examined athletes in the background state and during muscle load is a combined 

decrease in cortisol content and an increase in testosterone in the blood serum. This is probably due to the 

modulating effect of protein intake. This fact can be considered as a «smoothing» effect of food, mainly of 

protein composition. 

 

Dicussion 

The results obtained by us of the protein intake effect are consistent with the data of other authors. 

Thus, it has been established that the addition of proteins to the food of laboratory animals after exercise 

increases the synthesis of muscle protein and can affect the function and recovery time after prolonged intense 

physical exercise (Mardiana et al., 2021). Studies by M. Pourabbas et al. (2021) found that taking high-protein 

milk (after exercise and before bedtime) changed the concentration of skeletal muscles' regulatory markers in 

blood serum compared with placebo. Significantly higher IGF-1, growth hormone, testosterone, follistatin were 

observed, while cortisol and myostatin decreased significantly. In a research by Sedlak et al. (2018), twenty-five 

untrained men were randomly divided into a morning group, an afternoon group, and a control group. The 

authors found that if the level of cortisol at rest decreased significantly after the previous workout in all three 

groups, then the testosterone content at rest did not statistically differ between the groups at any time point, 

which is consistent with our research. Betts et al., (2011) found that the concentrations of total testosterone when 

taking carbohydrates and protein are higher during the day than at night. 

Thus, the analysis of the static-dynamic muscle load effect when using protein food showed that the 

intake of protein food leads to a decrease in the cortisol content in the highly qualified athletes' blood in the 

research dynamics from 15 to 105 minutes, approaching the average values at 75 to 105 minutes of the 

postprandial period. Protein intake had little effect on the content of the studied catabolic hormone under the 

action of muscle tension. In this research, no significant changes in these parameters were found, which is 

consistent with the work of Sedlak et al. (2018). According to Cadegiani (2019), it was found that men with 

overtraining had an increased level of estradiol, reduced testosterone, an excessive reaction of muscle tissue to 

physical activity and changes in the immune system, with destructive effects of adaptive changes. 

Our own research results reflect a characteristic picture of changes in the testosterone content in the 

blood serum in the background state and in the dynamics of the research, and there is a fluctuation of this 

indicator. The muscle load caused a slight increase in testosterone content by 27% at the 105 minute postprandial 

period. In our opinion, this can be attributed to the effect of protein intake. Intensive physical activity 

significantly modulates the concentrations of cortisol and testosterone in the blood at rest and their molar ratio, 

which is defined as the anabolic-catabolic index and expressed as T/C × 102. Numerous studies conducted in this 

direction characterize the degree and direction of changes in the anabolic index during physical exertion on the 

body of athletes (DeBlauw et al., 2021). So, in 2021, 30 healthy men were studied. They were divided into 

control and experimental groups. The experimental group trained according to a high-intensity 8-week program. 

The control groups did not change their previous recreational physical activity. The levels of cortisol, 

testosterone and T/C × 102 were measured before and after the experiment for all participants. Physical 

performance was studied using a standardized laboratory test to determine the maximum oxygen uptake 

(VO2max). There was a statistically significant increase in testosterone by 36.7% and T/C × 102 by 59%, while the 

cortisol content decreased slightly (by 12%) in the experimental group (Ambroży et al., 2021). A decrease in 

cortisol concentration after physical exertion was also noted by other researchers (Arbnore Ibrahimaj Gashi et 

al., 2020; Vynohradov et al., 2021).  

In another research, it was found that exercise (45 minutes of bending one arm + 8 hours of walking) for 

4 days (CRE) was accompanied by consumption of whey protein (PRO, n = 8). After this exercise, serum 

concentrations of leptin, insulin and testosterone were reduced, while cortisol and the catabolic index 

(cortisol/total testosterone) increased (Martin-Rincon et al., 2019). In our research, the fact of unidirectional 

changes in the anabolic index in highly qualified athletes in various functional states deserves attention. Both in 

a state of muscular rest and under the action of an irritant - a dynamic muscular load, there is an increase in this 

indicator in dynamics, at 45-75 minutes between the digestive periods. These changes are associated with the 

following variables: fluctuating changes in catabolic and anabolic hormones: testosterone/cortisol. The main 

parameter influencing this trend, in our opinion, is the intake of protein food. 

There are conflicting opinions about the relationship between testosterone and cortisol. The 

cortisol/testosterone ratio may indicate the severity of the catabolic/anabolic environment of the body due to 

their role in protein degradation and protein synthesis, respectively. Morning elevated testosterone levels 

(considered beneficial for achieving muscle hypertrophy) can be neutralized by morning elevated cortisol levels 

and, consequently, protein degradation. Although testosterone levels are higher in the morning, an increased T-

response caused by resistance exercises was found in the afternoon, indicating greater sensitivity of the 

hypothalamic-pituitary-testis axis. Individual responsiveness was also observed, with some participants 

experiencing greater hypertrophy and an increase in strength in response to strength protocols, while others 

respond predominantly to power, hypertrophy, or strength endurance protocols, depending on which protocol 
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elicited the greatest T-response. It is assumed that physical performance depends on a number of time-dependent 

endogenous factors that can be masked or mixed by exogenous circadian factors (Hayes et al., 2010). 

In our opinion, an increase in the anabolism index is associated with protein intake modulating these 

processes. In the paradigm of modern ideas about the influence of the nutritional composition of food as a 

regulator of body functions, this fact is considered as confirmation of the thesis that protein-based food is a 

stress-modulating factor under the action of muscle load (Chapman et al., 2021). This feature can be used as a 

natural way to reduce stress in acute or chronic physical overstrains (overtraining). 

A marker of this condition is high cortisol values in background conditions. And if the intake of 

proteins at rest led to a decrease in cortisol, and, accordingly, an increase in the anabolism index, then this was 

not observed after the action of muscle load. This may indicate both a certain excess of the previous load, and 

incomplete recovery, while a more likely option may be the combined effect of these factors. 

Presumably, the intake of different composition (protein, fat, carbohydrate, mixed) food and the time of its 

intake will allow correcting the hormonal response, thus strengthening the anabolic component - muscle 

glycogen and maintain the maximum daily rate of muscle protein synthesis. This, as we assume, is able to 

intensify the recovery processes (anabolism) after the performed muscle load and ensure readiness for 

subsequent physical exertion. 

 

Conclusions 

In this research, the prognostic value of the body restitution process in martial artists after the action of 

muscle tension was established on the basis of fluctuations in the anabolic index. In the second series of the 

research, athletes who took protein food before physical exertion showed a significant decrease in serum cortisol 

concentration by 1.6 times at 75 minutes and by 2.2 times at 105 minutes of the postprandial recovery period 

after muscle work on a bicycle ergometer for 60 minutes. 

Athletes who first performed physical load during the fasting study and then took protein food had a 

1.2-fold increase in serum cortisol concentration at 15 minutes, followed by a decrease to reference figures by 

105 minutes of the recovery period. In both series of the pilot project, the concentration of testosterone in the 

blood serum of athletes was little affected by the intake of protein food against the background of a significant 

increase in the anabolism index. Protein food in this case acted as a carrier of protective, stress-modulating 

properties, leading to qualitative positive shifts in muscle work. Performing a modulating effect, the intake of 

protein food led to a decrease in the level of tension and, being a metabolic mechanism, affected the hormonal 

and metabolic processes of tension / recovery of the athletes' body. 

The actual data obtained by us will help coaches and specialists in the field of clinical sports and 

medicine better understand and comprehensively monitor physiological changes during training cycles, ensuring 

maximum performance improvement while minimizing the risk of overtraining and the occurrence of sports 

injuries. 

The identification and validation of biomarkers related to exercise and nutrition aimed at improving performance 

and recovery in athletes is a promising area of research. We believe that further detailed research works are 

needed to determine the hormonal and metabolic mechanisms of the athletes' body regulation after muscle 

tension and the effect on these processes of food of various chemical composition and, above all, protein content. 

In order to determine the main mechanisms by which such interventions have their effect, it is necessary to 

further study the response of specific nutrient strategies to metabolic and cellular signaling pathways. Such 

projects should be accompanied by research works evaluating the impact of these reactions on athletes' training 

adaptation. 
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