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Abstract  

Background and study aim: Development an effective system for evaluating and enhancing the adaptive reserves 

of elite wrestlers is critical issue in professional sports. The challenge of optimizing the functional training of 

athletes with high resistance to physical loads is particularly pressing. The purpose of this study is to create a 
mechanism for assessing the adaptive body reserves of elite wrestlers under anaerobic energy supply conditions. 

Material and Methods: The study involved 60 elite GrecoRoman wrestlers, aged 19±0.5 years. Two test tasks 
were designed: executing a suplex while alternating between three partners for 15 s (targeting the creatine 

phosphokinase energy system) and 40 s (targeting anaerobic glycolysis). The control occurred in a state of rest 

before and after the specified loads. The peculiarities of adaptive and compensatory reactions of sportsmen to 

physical stress were researched with the help of biochemical analysis (cortisol, CPK, LDH in the blood serum) 

and HRV. Results. Based on the initial results of the spectral analysis, athletes were divided into two groups: 

sympathotonics (LF/HF>1.5) and parasympathotonics (LF/HF <1.5). Sympathotonics had a vagal influence on 

the sinus node increase after 15 seconds of exercise. At the same time, the steroid hormone, the CPK, and LDH 

activity in the blood increased. In parasympathotonics, the vegetative balance shifted towards sympathetic 

regulation due to similar loads. The level of CPK and cortisol in the blood increased, but LDH parameters did 

not change. Depending on the shifts in the vegetative balance in response to the load within 40 seconds, the 

participants of each group were divided into subgroups. Athletes with both types of regulation showed a decrease 
in LF/HF indicators, cortisol in the blood, and an increase in LDH in response to this stimulus. An increase in 

LF/HF, cortisol concentration, CPK activity, and minimal changes in the level of LDH in the blood was 

observed in other subgroup participants after similar loads. Conclusions. The study results demonstrate the 

practicality of simultaneously using biochemical indicators of blood and HRV as informative markers for 

assessing the adaptation reserves of elite wrestlers. The observed changes in cortisol, LDH, CPK in the blood, 

and HRV indicators of athletes with different vegetative balances will change the concept of optimizing 
functional training. 

Keywords:adaptive reserves, athletes, resistance, vegetative balance, biochemical indicators of blood, load. 

 
Introduction  

In modern sports wrestling, the development of an effective system for increasing the functional 

capabilities of elite wrestlers is one of the principal issues. The main problem lies in the high level of resistance 

of athletes' bodies to loads, acquired over many years of training activity (Iellamo et al., 2019; Claiborne et al., 
2021; Manolachi et al., 2023). Using a diverse combination of methods, principles, and special exercises in 

combination with various loads is the most common way of solving this issue (Bentley et al., 2020; DeBlauw et 

al., 2021; Shtefiuk et al., 2024). However, the effectiveness of the practical implementation of this mechanism of 

enhancing the level of organism resistance of elite wrestlers only partially solves the problem for a short period 
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(Lopes-Silva et al., 2021; Finlay et al., 2023; Schoenfeld et al., 2023). The main reason is the lack of scientific 

substantiation of the correlation between load parameters and the adaptative reserves of the organism. 

The topic of wrestlers’ adaptation to different parameters of loads in sports wrestling is interesting to 
scientists of various directions (Chernozub et al., 2018; Korobeynikov et al., 2021; Leite et al., 2021). Although 

many researches are focused on the adaptive and compensatory reactions of wrestlers and are aimed at the 

development of endurance (aerobic energy supply) (Henríquez et al., 2013; Perrone et al., 2021). Few studies are 

focused on short-term adaptation to intensive loads with creatine phosphokinase or anaerobic-glycolytic modes 

of energy supply. The problem lies in the lack of an effective set of informative markers for evaluating the 

adaptive reserves of elite wrestlers under conditions of loads with anaerobic modes of energy supply. 

The problem of choosing an effective set of physiological, biochemical, and morphofunctional methods 

for assessing the body’s adaptation processes in sports fights is becoming more relevant every year. This issue is 

particularly acute concerning functional training of elite wrestlers' resistance to loads (Chernozub et al., 2022; 

Mousavi et al., 2023). In scientific practice, the heart rate variability method is actively used to assess the 

functional body reserves of elite wrestlers and the nature of adaptive changes (Huang et al., 2021; Brockmann, 
L., & Hunt, K et al., 2023). Control over the shift of the vegetative balance in the direction of parasympathetic or 

sympathetic regulation allows for determining the manifestation of compensatory or adaptive reactions to a 

stimulus (Marasingha-Arachchige et al., 2022; Kayacan et al., 2023). In the modern system of training athletes, 

methods of biochemical blood analysis (hormones, enzymes, macroelements) are widely used. The biochemical 

analysis allows for determining the physiological processes of adaptation, and disadaptation as a result of loads 

on the organism (Martínez et al., 2022; Manolachi et al., 2023; Chycki et al., 2024). An integral usage of HRV 

indicators and biochemical analysis in the medical and biological control of sportsmen will allow the 

development of the system for body reserve assessment.  

The aim of the work. To develop a mechanism for evaluating the adaptive body reserves of elite 

wrestlers during training loads with creatine phosphokinase and anaerobic-glycolytic modes of energy supply. 

 

Material & methods 
Participants 

60 elite athletes of Greco-Roman wrestling aged 19±0.5 years were examined. The athletes’ training 

experience and technical and tactical training levels were the same. The research was conducted during training 

sessions in 2023 at the "Zaroslyak" educational and sports base, Vorokhta, Ivano-Frankivsk region, Ukraine. The 

study design was approved by Lesia Ukrainka Volyn National University Ethics Committee. After outlining the 
advantages and disadvantages of the study, participants signed an informed consent form following the ethical 

standards of the Declaration of Helsinki. 

Measurements 

Heart rate variability (HRV) 

A Polar V800 heart rate monitor (Polar, Finland) was used to measure RR intervals. Heart rate and raw 

RR intervals were recorded using a chest strap-mounted sensor (H10, Polar, Finland). RR interval data were 
downloaded to a computer via the Polar Flow web service. Kubios HRV Standard 3.5.0 Software was used to 

calculate statical and spectral HRV parameters. The most informative statistical HRV indicator for short-term 

analysis is the standard deviation of RR intervals (SDNN, ms). During the analysis of the spectral characteristics 

of HRV power, the following ranges were distinguished: low-frequency (LF, %), very-low-frequency (VLF, %), 

and high-frequency (HF, %). The LF/HF ratio was determined as a measure of vegetative balance. Registration 

of signals of RR intervals in the subjects took place in a sitting position at rest before and after acute physical 
exertion. For standardization of HRV studies with short recordings, the optimal recording duration of 5 minutes 

was chosen. The temperature of the environment was 22–24°C. 

Biochemical blood markers 
The LDH and CPK activity in the blood serum of elite wrestlers was calculated by the kinetic method 

(High Technology Inc., USA) with a set of reagents PRESTIGE 24i LQ LDH (Poland). The concentration of the 

glucocorticoid hormone cortisol in the blood serum of wrestlers was determined by the enzyme immunoassay 
method, using a set of SteroidIFA-testosterone reagents on the equipment of the Alcor Bio company. Reference 

values of the studied biochemical indicators were the following: CPK (40-270 units/l), LDH (195-462 units/l), 

cortisol (150-660 nmol/l). Blood sampling was performed by a nurse following internationally accepted 

requirements for medical and biological research. Control of changes in the parameters of the studied 

biochemical parameters of the blood was carried out at rest (before physical exertion) and after the performance 
of the test task. 

Experimental design 

The research consisted of three steps. 

First, two test tasks were developed to accomplish the study goal. During control testing, an athlete 

must perform a suplex of three wrestlers in turn within a certain time. The exercise was performed with 

maximum effort and speed. The choice of this exercise is based on the involvement of many muscle groups 

during performance, which requires significant energy resources. During the control tests, the anthropometric 
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parameters of the throwing athletes and their partners were practically identical. In the first test task, the duration 

of the load was 15 s, and in the second it was 40 s. Continuous performing suplexes for 15 seconds with 

maximum muscle effort and speed will allow you to exhaust the adaptative body reserves in CPK energy supply 
(CPKES) regime. The duration of the same exercise for 40 seconds will allow for estimating the short-term 

adaptation reserves of the study participants during the anaerobic glycolysis energy supply (AGES) regime. 

The second step was to analyze the initial HRV results before exercise. The wrestlers were divided into 

two groups (A and B). The distribution was based on types of heart rhythm regulation. The LF/HF index, an 

index of autonomic balance, at rest before exercise was the main criterion for dividing the study participants into 

groups. Group A wrestlers whose vegetative balance shifted towards sympathetic regulation (LF/HF >1.5 y.o.) 

were sympathotonics. Group B included participants whose autonomic balance shifted toward parasympathetic 

regulation (LF/HF <1.5 y.o.), i.e. parasympathotonics (vagotonics). 

Thirdly, the HRV indicators and changes in biochemical blood components of athletes were determined 

after acute physical exertion lasting 15 and 40 seconds. Subgroups were created under the conditions of a 

significant difference found in more than 40-50% of athletes in a group between HRV results before and after 
exercise. The variability of the division of both groups into subgroups depended on organism reactions to loads 

in CPKES or AGES regimes. Control tests were performed at intervals of 60 minutes. The appropriate algorithm 

of actions enabled the restoration of biochemical indicators of blood and HRV of athletes after the loads of the 

first test task to the initial level. 

Statistical Analysis 

Data analysis was conducted with the help of statistical methods and the IBM SPSS Statistics 26 

program package (SPSS Inc, Chicago, IL, USA). Median, lower and upper quartiles, and interquartile range 

(IQR) were also calculated. The G-Power 3.1.96 (Dusseldorf, Germany) program was employed to compute 

statistical power (determining the minimum sample size for the research). With an estimated power of 0.80 and 

alpha of 0.05, a total sample of 20 was required to identify a meaningful effect size of 0.25. The Wilcoxon 

signet-rank test (one sample case), ANOVA: repeated measures, between factors, were used to assess the sample 

size.  
 

Results 

Table 1 presents the results of the studied HRV indicators of elite wrestlers before exercise and after the 

performance of the test tasks developed by us. 

The HRV results obtained before the beginning of the loads were sufficiently different in the examined 
athletes. Based on the initial results of the spectral analysis, primarily the parameters of the LF/HF indicator, the 

participants were divided into groups. Group A consisted of 28 athletes with a shifted vegetative balance towards 

sympathetic regulation (LF/HF=3.97). Group B included 32 participants with less intense heart rhythm 

regulation (LF/HF=0.91). 

 

Table 1 Results of changes in heart rate variability indicators in elite wrestlers during  different duration 

and energy supply of loads (median, IQR), n=60 

 

Groups of 
athletes 

HRV parameters 

SDNN, мс VLF, % LF, % HF, % LF/HF 

Before exercise at rest 

А 1162.60 (209) 9.33 (1.47) 70.43 (3.22) 20.24 (2.23) 3.47 (0.31) 

B 567.80 (101) 7.61 (1.52) 44.11 (3.25) 48.27 (3.00) 0.91 (0.13) 

After performing suplexes for 15 seconds 

А 955.79 (143)* 6.67 (1.54) 64.65 (4.50)* 28.63 (2.00)* 2.25 (0.22)* 

B 771.10 (123)* 8.03 (1.25) 76.41 (5.25)* 15.54 (2.20)* 4.91 (0.62)* 

After performing suplexes for 40 seconds 

А 

А1s 577.96 (92)* 1.45 (0.21)* 68.00 (4.27)* 30.55 (3.75)* 2.22 (0.17)* 

А2s 1223.5 (227)* 10.51 (1.68) 72.39 (2.75) 17.10 (2.32) 4.23 (0.29)* 

Б 

B1s 864.70 (138)* 7.32 (1.33) 75.24 (3.79)* 17.44 (1.89)* 4.31 (0.29)* 

B2s 468.52 (79)* 8.91 (2.04) 27.36 (5.00)* 63.35 (3.45)* 0.43 (0.05)* 

Notes: 1s – 1 subgroup; 2s – 2nd subgroup; * p< .05 – comparing with the results before exercise at rest 
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The results of athletes performing suplex during 15 seconds demonstrated the opposite nature of the 

changes in HRV indicators between the groups. In athletes of group A, the SDNN indicator decreased by 17.7% 

after exercise. In representatives of group B, it increased by 35.8%. Group A showed an increase in HF values 
and an LF decrease, which indicates an increase in the vagal influence on the sinus node. Group B 

representatives grew a sympathetic tone (LF increased by 1.7 times) and decreased the autonomic regulation 

influence (HF lowered by 3 times). A significant difference between the groups was revealed regarding changes 

in the vegetative balance index (LF/HF). 

The results obtained after the athletes performed suplexes for 40 seconds without stopping 

demonstrated different changes in HRV indicators within each group. Some elite wrestlers increased sympathetic 

activity, others - parasympathetic. Depending on the shifts in the vegetative balance in response to similar loads, 

the participants of each group were divided into subgroups (A
1
, A

2
, B

1
, B

2
). Athletes of subgroups A

2
 and B

1
, 

after loads, simultaneously decreased HF power and increased LF power. Changes in the components of the 

spectral analysis indicate a shift in the vegetative balance towards sympathetic influences (activation of the 

sympathoadrenal system). The HRV results of subgroups A1 and B2 representatives after 40 seconds of 
performing suplexes were the opposite. The SDNN parameters lowered in subgroups A

1
 (-50.3%) and B

2
 (-

17.5%). There was a significant increase in the values of the high-frequency spectrum (HF) in athletes of 

subgroups A
1
 (+10.3%) and B

2
 (+15.1%). There was also a significant decrease in the vegetative balance index 

(LF/HF) in athletes of these subgroups, regardless of its initial parameters (before the load). The HRV changes 

indicate a possible manifestation of the body's compensatory reactions to physical stress. 

Figures 1-3 show the results of changes in cortisol, CPK, and LDH in the blood of the examined wrestlers 

during the study. Control of the change in the studied biochemical indicators took place after the participants 

performed suplexes of partners for 15 and 40 seconds, compared to the initial data. The elite wrestlers were 

divided into groups and subgroups according to HRV results. 
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Fig. 1. Results of the cortisol changes in the blood serum of the examined wrestlers after performing 

control tests for 15 s (A) and 40 s (B), n=60 

Note: 1* – p<0.05, compared to the other group (subgroup) indicators; 

2* – p<0.05, compared to before exercise results (in a group/ subgroup) 
 

After 15 seconds of load, the changes in cortisol in the elite wrestlers’ blood enhanced by an average of 

39.8% in both groups (Fig. 1). These results indicate an adequate reaction of the neurohumoral system to similar 

physical loads and a sufficient level of adaptive body reserves. However, the results obtained after performing 

exercise for 40 seconds demonstrated different changes in this biochemical indicator even among athletes within 

groups. Thus, after loads in anaerobic glycolysis energy supply mode, a decrease in cortisol concentration in the 
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blood of athletes of subgroups A
1
 (-31.1%) and B

2
 (-29.3%) was noted. These changes indicate the activation of 

gluconeogenesis processes (compensatory mechanism) due to insufficient reserves of muscle glycogen ensuring 

muscle activity. However, after similar loads, this glucocorticoid hormone increased in wrestlers of subgroups 
A2 (+21.1%) and B1 (+28.1%). In this case, a vivid manifestation of short-term adaptation and the adequacy of 

load parameters to the body's functional capabilities are shown. 

 

The CPK activity in the blood of athletes of both groups increased by an average of 24.5% (Fig. 2) after 

15 seconds of exercise. The obtained results confirm the well-known fact that creatinephosphate is the main 

energy source during the CPKES regime for training loads (up to 15 s). The biochemical control results after 40 

seconds of exercise increased CPK in study participants.  

This especially applies to athletes of subgroups A
2
 (+43.3%) and B

1
 (+47.6%), even in conditions of 

AGES regimes. The energy supply of such muscle activity occurs mainly due to muscle glycogen reserves. 

Therefore, the activity of the CPK enzyme should be minimal. The study results may indicate sufficient reserves 

of creatinephosphate in the muscles of athletes of these subgroups and optimization of the mechanism of saving 
energy resources. 
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Fig. 2. Results of CPK activity in the blood serum of the examined wrestlers after performing control 

tests for 15 s (A) and 40 s (B), n=60 

Note: 1* – p<0.05, compared to the other group (subgroup) indicators; 

2* – p<0.05, compared to before exercise results (in a group/ subgroup) 

 

Figure 3 shows that LDH activity in the blood of group A athletes (+14.8%) increased after performing 

the control test (suplexes for 15 seconds).  

 

These results indicate an insufficient adaptive reserve of creatinephosphate in the muscles of this group of 

athletes, which requires the involvement of additional resources of the AGES regime. In group B, this enzyme 

activity did not change, which is a manifestation of temporary adaptation. After the 40-second control test, there 

was the most pronounced growth in LDH in the blood of wrestlers of subgroups A
1
 (+47.1%) and B

2
 (27.4%).  

Representatives of the other two subgroups demonstrated 5.5 times lower dynamics of increasing the 

studied biochemical indicator under the same conditions. The obtained data suggest that A
2
 and B

1
 subgroup 

athletes used mainly the CPKES regime during 40 seconds of exercise. 
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Fig. 3. Results of LDH activity in the blood serum of the examined wrestlers after performing control 

tests for 15 s (A) and 40 s (B), n=60 

Note: 1* – p<0.05, compared to the other group (subgroup) indicators;  
2* – p<0.05, compared to before exercise results (in a group/ subgroup) 

 

Discussion 

This research presents the mechanism of assessing the adaptative reserves of elite wrestlers after loads 

with two modes of anaerobic regimes (CPKES and AGES). Peculiarities of mobilizing processes of temporary 
adaptation of wrestlers’ bodies to these regimes were studied. To assess the level of wrestlers’ resistance to a 

stressful stimulus it is proved to use HVR biochemical analysis indicators. The study showed that loads with an 

anaerobic energy supply regime can cause both adaptive and compensatory reactions in elite wrestlers with 

different types of regulation. The research results will contribute to creating an effective set of scientifically 

grounded indicators for the control of wrestlers’ adaptive body reserves. This study will help the advancement of 

the control system for the functional training of elite wrestlers and will affect the mechanism of its correction 

during high-intensity loads. In sports wrestling, the lack of a unified system for assessing the adaptative reserves 

of elite sportsmen is an influential factor that causes disadaptation. Determination of informative physiological 

and biochemical markers for assessing adaptive and compensatory reactions of elite wrestlers in conditions of 

high-intensity loads is one of the main research areas (Chernozub et al., 2018; Haller et al., 2023; Manolachi et 

al., 2023). A combination of HRV indicators and biochemical blood analysis to assess the adaptive reserves of 

elite wrestlers is one of the means to solve it. Modern sport physiology researchers studying the functional state 
of wrestlers in the pre-competition period use HRV indicators (Molins et al., 2020; Korobeynikov et al., 2021; 

Mishica et al., 2021). Biochemical blood analysis in sports wrestling was used for adaptive changes assessment, 

mainly in developing endurance (Athanasiou et al., 2021; Chycki et al., 2024). Not enough attention is paid to 

the problem of assessing the adaptative reserves of elite athletes during loads with CPKES and AGES regimes, 

using methods of HRV and biochemical analysis. The lack of norms and regularities of HRV and biochemical 
blood analysis of elite wrestlers during short-term intensive loads may be one of the reasons for this. 

In sympathotonic athletes (LF/HF <1.5), the autonomic balance shifted towards parasympathetic 

regulation after exercise in the CPKES regime. At the same time, biochemical indicators (cortisol, CPK, and 

LDH) increased because of high-intensity load. It is caused by the start of compensatory mechanism activation 

due to insufficient reserves of creatinephosphate, which forces the body to use additional energy resources of 

muscle glycogen (Chernozub et al., 2022; Haller et al., 2023). In parasympathotonic patients (LF/HF >1.5), the 
autonomic balance shifted towards sympathetic regulation in response to similar loads. At the same time, the 

cortisol concentration in the blood and CPK activity increased but LDH parameters did not change. The athletes’ 
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reaction to the load in the CPKES regime indicates a high level of adaptative reserves and body resistance 

(Finlay et al., 2023; Mousavi et al., 2023). Opposite adaptive and compensatory reactions were found in 

sympathotonic and parasymathonic wreslers after exercise in the AGES regime. A decrease in the parameters of 
LF/HF and the cortisol level in the blood was observed in representatives of both types of regulation during this 

regime. The LDH activity in the blood significantly increased but there were no changes in CPK level. The 

obtained physiological changes in wrestlers' bodies reflect compensatory reactions connected with a decrease in 

muscle glycogen reserves and activation of the gluconeogenesis process (Martínez et al., 2022; Shtefiuk et al., 

2024). After similar loads, there was an increase in vegetative balance and cortisol levels in the blood of 

sympathotonics and parasympathotonics of other subgroups. The CPK activity grew by 50% compared to the 

state of rest but the LDH level in the blood serum changed minimally. The obtained data demonstrated the 

manifestation of effective mechanisms of temporary adaptation of athletes to loads in AGES regime and 

sufficient reserves of creatinephosphate in muscles (Manolachi et al., 2023; Schoenfeld et al., 2023). 

 

Conclusions 
The study results demonstrated the expediency of simultaneously using biochemical indicators of blood 

and HRV as informative markers for assessing the adaptative reserves of elite wrestlers. Control of the 

vegetative balance allows the regulation type determination in athletes with identical training experience and 

technical and tactical training levels before exercise. Based on the analysis of the studied indicators it was 

concluded that using special loads with different modes of anaerobic energy supply allows for determining the 

nature of adaptive and compensatory reactions to the stimulus. An effective algorithm for implementing short-

term adaptation to anaerobic-glycolytic loads is the depletion of creatine phosphate reserves and then muscle 

glycogen. The lack of the required level of creatine phosphate reserves, which ensures the body's resistance to 

intense loads, causes the use of anaerobic glycolysis resources (compensatory reactions). Appropriate actions, 

especially with long-term use, will lead to adaptation disruption. The revealed changes in cortisol, LDH, CPK in 

the blood, and HRV indicators of athletes with different vegetative balances will change the concept of 

optimizing functional training. 
Conflicts of interest - There is no conflict of interest. 

 

References: 

Athanasiou, N., Bogdanis, G., Mastorakos, G. (2023). Endocrine responses of the stress system to different types 

of exercise. Rev Endocr Metab Disord. 24(2):251-266. https://doi.org/10.1007/s11154-022-09758-1 
Bentley, R., Vecchiarelli, E., Banks, L., Gonçalves, P., Thomas, S., Goodman, J. (2020). Heart rate variability 

and recovery following maximal exercise in endurance athletes and physically active individuals. Applied 

Physiology, Nutrition, and Metabolism. 45(10):1138-1144. https://doi.org/10.1139/apnm-2020-0154  

Brockmann, L., & Hunt, K. (2023). Heart rate variability changes with respect to time and exercise intensity 

during heart-rate-controlled steady-state treadmill running. Journal of Scientific Reports. 13: 8515. 

https://doi.org/10.1038/s41598-023-35717-0  
Chycki, J., Krzysztofik, M., Sadowska-Krępa, E., Baron-Kaczmarek, D., Zając, A., Poprzęcki, S., Petr, M. 

(2024). Acute Hormonal and Inflammatory Responses following Lower and Upper Body Resistance 

Exercises Performed to Volitional Failure. International Journal of Molecular Sciences. 25(13):7455. 

https://doi.org/10.3390/ijms25137455.  

Chernozub, A., Korobeynikov, G., Mytskan, B., Korobeinikova, L., Cynarski, W. (2018). Modelling mixed 

martial arts power training needs depending on the predominance of the strike or Wrestling fighting style. 
Ido Movement for Culture. 18(3): 28-36. https://doi.org/10.14589/ido.18.3.5 

Chernozub, A., Manolachi, V., Tsos, A., Potop, V., Korobeynikov, G., Manolachi, V., Sherstiuk, L., Zhao, J., 

Mihaila, I. 2023. Adaptive changes in bodybuilders in conditions of different energy supply modes and 

intensity of training load regimes using machine and free weight exercises. PeerJ 11:e14878 

https://doi.org/10.7717/peerj.14878  

Chernozub, A., Manolachi, V., Korobeynikov, G., Potop, V., Sherstiuk, L., Manolachi, V., Mihaila, I. (2022). 
Criteria for assessing the adaptive changes in mixed martial arts (MMA) athletes of strike fighting style 

in different training load regimes. PeerJ. 10:e13827. https://doi.org/10.7717/peerj.13827 

Claiborne, A., Alessio, H., Slattery, E., Hughes, M., Barth, E., Cox, R. (2021). Heart Rate Variability Reflects 

Similar Cardiac Autonomic Function in Explosive and Aerobically Trained Athletes. Int J Environ Res 

Public Health. 18(20):10669. https://doi.org/10.3390/ijerph182010669  
DeBlauw, J., Drake, N., Kurtz, B., Crawford, D., Carper, M., Wakeman, A., Heinrich, K. (2021). High-Intensity 

Functional Training Guided by Individualized Heart Rate Variability Results in Similar Health and 

Fitness Improvements as Predetermined Training with Less Effort. Journal of Functional Morphology 

and Kinesiology. 6(4):102. https://doi.org/10.3390/jfmk6040102  

Finlay, M., Greig, M., Page, R., Bridge, C. (2023). Acute physiological, endocrine, biochemical and 

performance responses associated with amateur boxing: A systematic review with meta-analysis. 

European Journal of Sport Science. 23(5):774-788. https://doi.org/10.1080/17461391.2022.2063072.  



ANDRII CHERNOZUB, GEORGIY KOROBEYNIKOV, YAROSLAV ZORIY, VADYM KOVAL, IRYNA 

HUSIEVA, VLADYSLAV HRYHORIEV, WANG XIANYU, OTABEK KHASANOV, VLADIMIR POTOP
 

--------------------------------------------------------------------------------------------------------------------------------------- 

---------------------------------------------------------------------------------------------------------------------------- 

JPES ®      www.efsupit.ro  
1079

Gronwald, T., Rogers, B., Hottenrott, L., Hoos, O., Hottenrott, K. (2021). Correlation Properties of Heart Rate 

Variability during a Marathon Race in Recreational Runners: Potential Biomarker of Complex 

Regulation during Endurance Exercise. Journal of Sports Science and Medicine. 20(4): 557-563. 
https://doi.org/10.52082/jssm.2021.557  

Haller, N., Behringer, M., Reichel, T., Wahl, P., Simon, P., Krüger, K., Zimmer, P., Stöggl, T. (2023). Blood-

Based Biomarkers for Managing Workload in Athletes: Considerations and Recommendations for 

Evidence-Based Use of Established Biomarkers. Sports Med. 53(7):1315-1333. 

https://doi.org/10.1007/s40279-023-01836-x  

Henríquez, O., Báez, S., Oetinger, A., Cañas, J., Ramírez, C. (2013). Autonomic control of heart rate after 

exercise in trained wrestlers. Biol Sport. 30(2):111-115. https://doi.org/10.5604/20831862.1044429  

Huang, C., Kong, Z., Nie, J., Pan, M., Zhang, H., Shi, Q., George, K. (2021). Impact of high-intensity interval 

and moderate-intensity continuous exercise on heart rate variability and cardiac troponin. Journal of 

Sports Medicine and Physical Fitness. 61(9):1301-1308. https://doi.org/10.23736/S0022-4707.20.11657 

Iellamo, F., Lucini, D., Volterrani, M., Casasco, M., Salvati, A., Gianfelici, A., Gianfrancesco, A., Urso, A., 
Manzi, V. (2019). Autonomic nervous system responses to strength training in top‐level weight lifters. 

Physiol Rep. 7(20):e14233. https://doi.org/10.14814/phy2.14233  

Kayacan, Y., Makaracı, Y., Ucar, C., Amonette, W., Yıldız, S. (2023). Journal of Strength and Conditioning 

Research. 37(7):1479-1485. https://doi.org/10.1519/JSC.0000000000004411  

Korobeynikov, G., Imas, Y., Korobeynikova, L., Ludanov, K., Shatskykh, V., Tolkunova, I., Grigorenko, A., 

Mishchenko, V. (2021). Body composition and heart rhythm variability in elite wrestlers. Sport Mont. 

19(S2):147-151. https://doi.org/10.26773/smj.210925  

Leite, V., Silva, L., Oliveira, A., Machado, W., Reis, M. (2021). Immediate effects of the high-velocity low-

amplitude thrust on the heart rate autonomic modulation of judo athletes. Journal of Bodywork and 

Movement Therapies. 27:535-542. https://doi.org/10.1016/j.jbmt.2021.04.006  

Lopes-Silva, J., Panissa, V., Julio, U., Franchini, E. (2021). Influence of Physical Fitness on Special Judo Fitness 

Test Performance: A Multiple Linear Regression Analysis. Journal of Strength and Conditioning 

Research. 35(6):1732-1738. https://doi.org/10.1519/JSC.0000000000002948  

Manolachi, V., Chernozub, A., Tsos, A., Potop, V., Kozina, Z., Zoriy, Y., Shtefiuk, I. (2023). Integral method 

for improving precompetition training of athletes in Mixed Martial Arts. Journal of Physical Education 

and Sport. 23 (6):1359-1366. https://doi.org/0.7752/jpes.2023.06166 

Manolachi, V., Chernozub, A., Tsos, A., Syvokhop, E., Marionda, I., Fedorov, S., Shtefiuk, I., Potop, V. (2023). 
Modeling the correction system of special kick training in Mixed Martial Arts during selection fights. 

Journal of Physical Education and Sport. 23 (8):2203-2211. https://doi.org/0.7752/jpes.2023.08252 

Marasingha-Arachchige, S., Rubio-Arias, Alcaraz, J., Chunga, L. (2022). Factors that affect heart rate variability 

following acute resistance exercise: A systematic review and meta-analysis. Journal of Sport and 

Health Science. 11(3):376–392. https://doi.org/10.1016/j.jshs.2020.11.008  

Martínez, A., Martín, M., González-Gross, M. (2022). Basal Values of Biochemical and Hematological 
Parameters in Elite Athletes. Int J Environ Res Public Health. 19(5):3059. 

https://doi.org/10.3390/ijerph19053059.  

Mishica, C., Kyröläinen, H., Hynynen, E., Nummela, A., Holmberg, H., Linnamo, V. (2021). Relationships 

between Heart Rate Variability, Sleep Duration, Cortisol and Physical Training in Young Athletes. J 

Sports Sci Med. 20(4):778-788. https://doi.org/10.52082/jssm.2021.778  

Molins, F., & Serrano, M. (2020). Heart rate variability after vigorous physical exercise is positively related to 
loss aversion. Anxiety Stress Coping. 34(3):308-319. https://doi.org/10.1080/10615806.2020.1865531  

Mousavi, E., Sadeghi-Bahmani, D., Khazaie, H., Brühl, A., Stanga, Z., Brand, S. (2023). The Effect of a 

Modified Mindfulness-Based Stress Reduction (MBSR) Program on Symptoms of Stress and 

Depression and on Saliva Cortisol and Serum Creatine Kinase among Male Wrestlers. Healthcare 

(Basel). 11(11):1643. https://doi.org/10.3390/healthcare11111643.  

Perrone, M., Volterrani, M., Manzi, V., Barchiesi, F., Iellamo, F. (2021). Heart rate variability modifications in 
response to different types of exercise training in athletes. Journal of Sports Medicine and Physical 

Fitness. 61(10):1411-1415. https://doi.org/10.23736/S0022-4707.21.12480-6  

Schoenfeld, B., Androulakis-Korakakis, P., Piñero, A., Burke, R., Coleman, M., Mohan, A., Escalante, G., 

Rukstela, A., Campbell, B., Helms, E. (2023). Alterations in Measures of Body Composition, 

Neuromuscular Performance, Hormonal Levels, Physiological Adaptations, and Psychometric 
Outcomes during Preparation for Physique Competition: A Systematic Review of Case Studies. J Funct 

Morphol Kinesiol. 8(2):59. https://doi.org/10.3390/jfmk8020059 

Shtefiuk, I., Tsos, A., Chernozub, A., Aloshyna, A., Marionda, I., Syvokhop, E., Potop, V. (2024). Developing a 

training strategy for teenage athletes in mixed martial arts for high-level competitions. Journal of 

Physical Education and Sport. 24 (2):329-337. https://doi.org/10.7752/jpes.2024.02039 

 


