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ABSTRACT 

Introduction and purpose: 

The balance between catabolic and anabolic processes is crucial for achieving optimal athletic 

performance and maintaining the health of athletes. The cortisol-to-testosterone ratio (C/T) is a 

commonly used indicator to assess this balance, as it allows for monitoring the equilibrium 

between these two hormones. This literature review aims to evaluate the utility of T/C ratio  in 

monitoring this balance, providing insights into its relevance for athletic training and 

performance. The paper is based on a relevant review of literature about the practical aspects 

of measuring the C/T ratio and its correlation with athletic performance, recovery, overtraining, 

and training adaptation were analyzed. 

 

Description of the state of knowledge: 

The  cortisol-to-testosterone ratio is a useful indicator for evaluating between catabolic and 

anabolic states in athletes. It can be practically applied to fine-tune training regimens and help 

prevent overtraining. 

However, its effectiveness is dependent on various factors, including individual variability and 

the influence of external factors such as sleep. 

 

Summary: 

The C/T ratio remains a valuable tool for assessing the metabolic-anabolic balance in athletes. 

Practical aspects of measurement and interpretation are essential for its effective application. 

Continued research is needed to refine the use of this biomarker across different sports and 

training contexts. 

 

Keywords: Athletes, Exercise, Cortisol, Testosterone, Recovery 

 

Introduction and purpose 

Endocrinology, a branch of physiological medical science, is increasingly being adopted by 

exercise scientists in their research [1]. 

Glucocorticoids, originating from the adrenal cortex, play a key role in the metabolism of 

glucose, proteins, and fats [2] where circulating cortisol, the dominant glucocorticoid produced 

by the human adrenal glands, is regulated by the hypothalamic-pituitary-adrenal feedback 

system.[3]. During a stress condition, the human body synthesizes catecholamine 

neurotransmitters and specific hormones (called "stress hormones"), the most important of 

which is cortisol [4]. The primary actions of cortisol include regulating metabolism and immune 

functions. Prolonged stress leads to changes in circulating cortisol levels, which can result in 

alterations in both physical and mental states [5]. Cortisol and testosterone are biomarkers of 

significant interest owing to their association with the stress response and overall health [6, 7]. 

https://orcid.org/0009-0005-0626-0588
mailto:rygielskiartur92@gmail.com
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Physical exercise impacts the hormone levels of the hypothalamic-pituitary-gonadal axis in 

males and females, particularly in sports of high intensity and physical demands [8]. 

In sports physiology, the testosterone-to-cortisol ratio has been used to analyze the balance 

between anabolic and catabolic processes. Since testosterone exhibits anabolic effects and 

cortisol promotes catabolic effects, the testosterone-to-cortisol ratio has been considered a 

marker for overtraining syndromes [9]. 

Physical exercise plays a crucial role in the production and regulation of testosterone (T) and 

cortisol (C). The T to C ratio responds to metabolic stress related to fatigue and recovery from 

exercises, serving as an indicator of anabolic-catabolic balance, psychophysical stress, and 

fatigue, and providing information for adjusting training loads [10]. 

Tracking the workload of athletes during both training and competition has become a highly 

discussed topic in sports science [11]. The purpose of this literature review is to examine the 

role of the C/T ratio in assessing the catabolic-anabolic balance of athletes, discuss the practical 

aspects of its measurement, and present its usefulness in the context of monitoring the 

physiological status of athletes. 

 

Assessment of Training Adaptation 

Adaptation to training is a key element in improving athletic performance. The C/T ratio reflects 

the body's hormonal response to different types of training loads. 

The findings indicate that cortisol levels in athletes can affect both the immediate response to 

competition and the medium-term recovery phase. Additionally, the results suggest that coaches 

should avoid excessive training loads for at least two days after competitions, as physical and 

mental recovery may still be ongoing [12]. 

A study comparing the effects of high-intensity interval training (HIIT) and continuous aerobic 

training on testosterone and cortisol levels showed that both types of exercise significantly 

increased testosterone levels immediately after the session. However, the T/C ratio dropped 

below baseline levels after 12 hours only in the case of HIIT [13]. Although exercise increases 

plasma testosterone concentration, this effect depends on various factors, including age, weight, 

and the type of exercise performed. The T/C ratio can be used to assess athletes' recovery status 

and how different factors, such as training intensity and rest duration, can influence this 

indicator. The optimal T/C ratio varies depending on the individual characteristics of the athlete 

[14]. Monitoring the T/C ratio is crucial in preventing overtraining and optimizing workouts, 

indicating that prolonged physical exertion without adequate recovery leads to a decrease in the 

T/C ratio, which is a sign of a dominance of catabolic processes [15]. 

HIIT may be more effective in short-term increases in testosterone levels, which can support 

intense training sessions and rapid adaptations[16]; therefore, different training programs 

should be tailored to individual athletes' needs to optimize hormonal balance [17]. 

 

Monitoring overtraining 

The competition between athletes and the growth of sports knowledge have significantly 

influenced training methods, concurrently increasing their diversity. As a result, there is a 

growing number of athletes who have intensified both the frequency and intensity of their 

training sessions, while simultaneously reducing recovery time [18]. 



  

4 

Overtraining syndrome (OTS) is characterized by a prolonged and unexplained decline in 

athletic performance, typically accompanied by significant psychological symptoms. This 

condition arises from an imbalance in training, resulting in metabolic, endocrine, and 

biochemical changes associated with chronic energy deficiency and impaired recovery 

mechanisms [19]. 

Chronic competitive workload and the acute number of severe impacts are key parameters to 

monitor in order to prevent undesirable outcomes. High levels of chronic competitive workload 

can disrupt homeostasis, leading to a decreased T/C ratio, making it crucial to monitor this 

indicator during periods of congested fixtures [20]. Considering that testosterone (T) and 

cortisol (C) play significant roles in protein and carbohydrate metabolism, a decrease of more 

than 30% in their ratio is recognized as a marker of overtraining [21, 22]. 

The decrease in endocrinological markers observed in the post-season assessment suggests that 

athletes should transition more smoothly into off-season training to mitigate negative changes 

like fatigue and overtraining, thereby starting the off-season in a more advantageous position 

[23]. 

Athletes who physically overload themselves to improve performance may experience 

overtraining if they lack a proper balance between stress and recovery, and overtraining is 

difficult to diagnose as there is no definitive diagnostic marker [24]. 

Research studies encompass a wide array of sporting disciplines, ranging from endurance to 

strength sports. In each of these disciplines, monitoring the C/T ratio facilitates a better 

understanding of training adaptations and optimization of training programs. 

Taking into account other disciplines like swimming, where both male and female swimmers 

showed a significant increase in the T/C ratio over time, indicating a favorable (anabolic) 

response to nearly two months of intensive preseason training. The increase in T/C was 

primarily due to a steady decrease in serum cortisol levels, while serum testosterone levels 

remained unchanged [25]. The results suggest that proper management of training load and 

recovery is crucial for preventing overtraining. Athletes are advised to adhere to a structured 

plan during the transition period to the off-season to ensure complete physiological recovery 

and prepare for future challenges [26]. 

 

Individual variability in the T/C ratio, including additional personal aspects such as age, 

gender, and mood disorders related to stress. 

Understanding the internal effects of a competitive season on each player can enhance 

individualized programming. Monitoring plasma testosterone and cortisol levels is essential to 

manage stress from professional basketball demands, which vary by player position [27]. 

A thorough assessment of psycho-physiological responses to training can provide valuable 

insights during the gradual adaptation planning to intense professional demands, and also serve 

as an additional tool to enhance athletes' performance outcomes [28]. 

Athletes are constantly exposed to various physical and psychological stressors, both during 

training and competitions [29]. 

Changes in cortisol hormone levels can be influenced by various factors, including anticipation 

of the upcoming day [30].  
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The levels of cortisol (C) are not correlated with total mood disturbance during different 

competition periods, unlike testosterone (T) levels, which showed a relationship with total 

mood disturbance during the congested period, suggesting the influence of mood changes on T 

responsiveness. The positive correlation between the T/C ratio and total mood disturbance 

suggests that tracking changes in T may be more useful than changes in C in assessing fatigue 

levels and mood state changes [31]. 

One should also consider the differences in hormonal responses to training between women and 

men. Biological sex is a primary determinant of performance outcomes in many sports events 

and physical tasks. Models that offer insights into the role of sex steroid hormones in athletic 

performance, including their augmentation and suppression, are crucial for understanding these 

dynamics. 

The study aimed to analyze the chronic hormonal responses in CrossFit practitioners after a six-

month training period and compare these outcomes between genders. By the end of the study, 

testosterone (T) levels were notably elevated, with men demonstrating higher T levels than 

women. Conversely, cortisol (C) levels remained lower throughout the training period 

compared to baseline, with men consistently showing lower C levels than women. As a result, 

women maintained a consistently lower C/T ratio throughout the study duration [32]. 

Testosterone is considered one of the most important factors explaining the performance 

differences between male and female athletes, which can amount to a 10 to 20% variation in 

performance outcomes [33]. 

Physical exercise impacts the hormone levels of the hypothalamic-pituitary-gonadal axis in 

males and females, particularly in sports of high intensity and physical demands [34]. 

Men show greater adaptations in muscle mass than women after long-term endurance training 

(> 9 months), likely facilitated by high concentrations of endogenous testosterone [35]. 

While endocrine dysregulation is linked to aging, it's difficult to attribute these changes entirely 

to age alone. Factors like physical activity and exercise also play a significant role in shaping 

the hormonal environment [36]. 

In young athletes, stress rather than inadequate training can significantly influence performance 

outcomes. Just before outdoor races, cortisol levels were observed to decrease, while 

testosterone levels increased, especially prior to ergometer or boat races, continuing to rise 

towards the end of the race. Significant differences were noted in the testosterone-to-cortisol 

ratio between indoor and outdoor competitions, with higher ratios observed during indoor 

events across all considered time points [37]. 

The study suggests that despite unfavorable hormonal changes among Africans, the absence of 

overtraining symptoms may be due to their higher testosterone levels, which support the body's 

adaptation to intense training. These differences in training response between ethnic groups 

underscore the need to tailor training programs and healthcare for athletes based on their 

individual physiological characteristics [38]. 

Recently, research has been presented showing that this ratio can reveal even more important 

information about our health than either of these biomarkers alone [39]. 

A study was conducted to assess the impact of high training loads on endothelial function in 

female sprinters and middle-distance runners.  
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The athletes showed significantly reduced flow-mediated dilation (FMD) (p < 0.01) and higher 

baseline levels of hyaluronan (HA) and syndecan-1 (SDC-1) in serum (p < 0.05 and p < 0.001, 

respectively). Significantly lower T/C and fT/C ratios were observed in the athletes compared 

to the control group (p < 0.01). Additionally, the fT/C ratio was significantly positively 

correlated with FMD and negatively with HA in all women studied [40]. 

 

Personalization of Training 

The findings indicate that cortisol levels in athletes can affect both the immediate response to 

competition and the medium-term recovery phase. Additionally, the results suggest that coaches 

should avoid excessive training loads for at least two days after competitions, as physical and 

mental recovery may still be ongoing.[41] 

The results of studies evaluating the physical, physiological demands, and steroid hormone 

responses during basketball small-sided games (SSGs) with different tactical tasks and training 

regimens showed a significant increase in cortisol levels after the SSGs. Testosterone levels 

increased following the defense-long SSG, decreased after the offense-short SSG, and remained 

unchanged after both the defense-short and offense-long SSGs [42]. 

Understanding the internal effects of a competitive season on each player can enhance 

individualized programming. Monitoring plasma testosterone and cortisol levels is essential to 

manage stress from professional basketball demands, which vary by player position. 

Changes in cortisol hormone levels can be influenced by various factors, including anticipation 

of the upcoming day.[43] 

 

Conclusion 

The future of exercise endocrinology is promising, with researchers poised to build on the past 

60 years of work, uncovering new insights into human adaptation to exercise that will enhance 

health and performance.[44] Insufficient data exists regarding the stress and motivation 

responses of adolescent athletes during competitions. During this developmental stage, athletic 

performance can be significantly influenced by stress rather than by the effectiveness of training 

programs [45]. 

Physical activity induces significant changes in the C/fT ratio, potentially affecting GH and 

IGF-I secretion from the liver, making it a valuable diagnostic tool for assessing skeletal muscle 

regenerative capacity or identifying early stages of functional muscle overload [46]. 

Furthermore, the studies have shown that intense training loads can impair endothelial function 

in young female athletes, which is associated with disruptions in the balance of anabolic and 

catabolic hormones. Given that training-induced endothelial dysfunction may have a negative 

impact on vascular health, endothelial status should be regularly monitored during training to 

minimize health risks in athletes [47].  Since many established biomarker reference ranges cater 

to the general population rather than athletes specifically, repeated measurements are essential 

for  coaches to establish personalized benchmarks. The individual values can vary from day to 

day or week to week, allowing athletes and professionals to monitor chronic changes that may 

indicate risks such as injuries, overtraining, or performance decline [48].  
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Despite varying training levels, acute exercise appears capable of disrupting the circadian 

rhythm of the T:C ratio, leading to a reduced ratio observed several hours post-physical activity, 

potentially following a biphasic pattern. [49]. 

Steroid hormones enhance performance and influence physiological adaptation in response to 

a similar exercise dosage in both men and women  [50]. 

Reviewing these studies allows for a better understanding of how the cortisol to testosterone 

ratio can be a useful tool in assessing the catabolic-anabolic balance in athletes. It also 

highlights the practical implications of these findings for sports training and monitoring 

athletes' health. 

 

DISCLOUSURES 

Author’s contribution 

Conceptualization: EL, RJ;  Investigation: EL; Writing -rough preparation: ML, AR, BM; 

Writing -review and editing: EL, BM; Visualization: ML, RJ; Supervision: AR. 

 

All authors have read and agreed with the published version of the manuscript. 

 

Funding Statement 

This Research received no external funding. 

 

Institutional Review Board Statement 

Not applicable. 

 

Informed Consent Statement 

Not applicable. 

 

Data Availability Statement 

Not applicable. 

 

Conflicts of Interests 

The authors declare no conflict of interest. 

 

References 

1. La Torre ME, Monda A, Messina A, et al. The Potential Role of Nutrition in Overtraining 

Syndrome: A Narrative review. Nutrients. 2023;15(23):4916. doi:10.3390/nu15234916 

2. Cintineo HP, Bello ML, Walker AJ, Chandler AJ, McFadden BA, Arent SM. Monitoring 

training, performance, biomarkers, and psychological state throughout a competitive season: a 

case study of a triathlete. European Journal of Applied Physiology. 2024;124(6):1895-1910. 

doi:10.1007/s00421-023-05414-x 

3. Abate M, DI Carlo L, Cocco G, Cocco A, Salini V. Testosterone, cortisol, vitamin D and 

oxidative stress and their relationships in professional soccer players. J Sports Med Phys 

Fitness. 2022 Mar;62(3):382-388. doi: 10.23736/S0022-4707.21.12094-8. Epub 2021 Jun 1. 

PMID: 34080814. 



  

8 

4. Abate M, Di Carlo L, Cocco G, Cocco A, Salini V. Testosterone, cortisol, vitamin D and 

oxidative stress and their relationships in professional soccer players. The Journal of Sports 

Medicine and Physical Fitness. 2022;62(3). doi:10.23736/s0022-4707.21.12094-8 

5. Grandys M, Majerczak J, Frolow M, Chlopicki S, Zoladz JA. Training-induced impairment 

of endothelial function in track and field female athletes. Sci Rep. 2023 Mar 1;13(1):3502. doi: 

10.1038/s41598-023-30165-2. PMID: 36859449; PMCID: PMC9977863. 

6. Saidi K, Abderrahman AB, Boullosa DA, et al. The interplay between plasma hormonal 

concentrations, physical fitness, workload and mood state changes to periods of congested 

match play in professional soccer players. Frontiers in Physiology. 2020;11. 

doi:10.3389/fphys.2020.00835 

7. Kallen VL, Stubbe JH, Zwolle HJ, Valk P. Capturing effort and recovery: reactive and 

recuperative cortisol responses to competition in well-trained rowers. BMJ Open Sport & 

Exercise Medicine. 2017;3(1):e000235. doi:10.1136/bmjsem-2017-000235 

8. Zouhal H, Jayavel A, Parasuraman K, Hayes LD, Tourny C, Rhibi F, Laher I, Abderrahman 

AB, Hackney AC. Effects of Exercise Training on Anabolic and Catabolic Hormones with 

Advanced Age: A Systematic Review. Sports Med. 2022 Jun;52(6):1353-1368. doi: 

10.1007/s40279-021-01612-9. Epub 2021 Dec 22. PMID: 34936049; PMCID: PMC9124654. 

9. Schelling, X., Calleja-González, J., Torres-Ronda, L., & Terrados, N. (2015). Using 

Testosterone and Cortisol as Biomarker for Training Individualization in Elite Basketball. 

Journal of Strength and Conditioning Research, 29(2), 368–378. 

doi:10.1519/jsc.0000000000000642 

10. Sansone P, Tessitore A, Paulauskas H, et al. Physical and physiological demands and 

hormonal responses in basketball small-sided games with different tactical tasks and training 

regimes. Journal of Science and Medicine in Sport. 2019;22(5):602-606. 

doi:10.1016/j.jsams.2018.11.017 

11. Ficarra G, Caccamo D, Rottura M, Bitto A, Trimarchi F, Di Mauro D. Testosterone:cortisol 

ratio as a predictor of podium in adolescent rowing athletes. Heliyon. 2023 Nov 

14;9(11):e22315. doi: 10.1016/j.heliyon.2023.e22315. PMID: 38053894; PMCID: 

PMC10694314. 

12. Kallen VL, Stubbe JH, Zwolle HJ, Valk P. Capturing effort and recovery: reactive and 

recuperative cortisol responses to competition in well-trained rowers. BMJ Open Sport & 

Exercise Medicine. 2017;3(1):e000235. doi:10.1136/bmjsem-2017-000235 

13. Cofré-Bolados C, Reuquen-López P, Herrera-Valenzuela T, Orihuela-Diaz P, Garcia-

Hermoso A, Hackney AC. Testosterone and cortisol responses to HIIT and continuous aerobic 

exercise in active young men. Sustainability. 2019;11(21):6069. doi:10.3390/su11216069 

14. Riachy R, McKinney K, Tuvdendorj DR. Various Factors May Modulate the Effect of 

Exercise on Testosterone Levels in Men. J Funct Morphol Kinesiol. 2020 Nov 7;5(4):81. doi: 

10.3390/jfmk5040081. PMID: 33467296; PMCID: PMC7739287. 

15.Snyder AC, Hackney AC. The endocrine system in overtraining. In: Humana Press eBooks. 

; 2013:523-534. doi:10.1007/978-1-62703-314-5_27 

16. Cofré-Bolados C, Reuquen-López P, Herrera-Valenzuela T, Orihuela-Diaz P, Garcia-

Hermoso A, Hackney AC. Testosterone and cortisol responses to HIIT and continuous aerobic 

exercise in active young men. Sustainability. 2019;11(21):6069. doi:10.3390/su11216069 



  

9 

17. Use of the Testosterone/Cortisol Ratio Variable in Sports 

DOI: 10.2174/1875399X01609010104 

18. De Pero R, Minganti C, Cibelli G, Cortis C, Piacentini MF. The stress of competing: cortisol 

and amylase response to training and competition. Journal of Functional Morphology and 

Kinesiology. 2021;6(1):5. doi:10.3390/jfmk6010005 

19. Cadegiani FA, Kater CE. Novel causes and consequences of overtraining syndrome: the 

EROS-DISRUPTORS study. BMC Sports Sci Med Rehabil. 2019 Sep 18;11:21. doi: 

10.1186/s13102-019-0132-x. PMID: 31548891; PMCID: PMC6751688. 

20. Dijkhuis TB, Otter R, Aiello M, Velthuijsen H, Lemmink K. Increase in the Acute:Chronic 

Workload Ratio relates to Injury Risk in Competitive Runners. International Journal of Sports 

Medicine. Published online June 2, 2020. doi:10.1055/a-1171-2331 

21. Abate M, Di Carlo L, Cocco G, Cocco A, Salini V. Testosterone, cortisol, vitamin D and 

oxidative stress and their relationships in professional soccer players. Journal of Sports 

Medicine and Physical Fitness/the Journal of Sports Medicine and Physical Fitness. 2022;62(3). 

doi:10.23736/s0022-4707.21.12094-8 

22. Cadegiani FA, Kater CE. Novel causes and consequences of overtraining syndrome: the 

EROS-DISRUPTORS study. BMC Sports Science Medicine and Rehabilitation. 2019;11(1). 

doi:10.1186/s13102-019-0132-x 

23. Riachy R, McKinney K, Tuvdendorj DR. Various factors may modulate the effect of 

exercise on testosterone levels in men. Journal of Functional Morphology and Kinesiology. 

2020;5(4):81. doi:10.3390/jfmk5040081 

24. Hough J, Leal D, Scott G, Taylor L, Townsend D, Gleeson M. Reliability of salivary cortisol 

and testosterone to a high-intensity cycling protocol to highlight overtraining. J Sports Sci. 2021 

Sep;39(18):2080-2086. doi: 10.1080/02640414.2021.1918362. Epub 2021 Apr 27. PMID: 

33906585. 

25. Rusnak M, VanderMeulen M, Byrd B, et al. Muscle damage, soreness, and stress during 

preseason training in collegiate swimmers. Clinical Journal of Sport Medicine. 2021;31(3):237-

243. doi:10.1097/jsm.0000000000000736 

26. Riachy R, McKinney K, Tuvdendorj DR. Various factors may modulate the effect of 

exercise on testosterone levels in men. Journal of Functional Morphology and Kinesiology. 

2020;5(4):81. doi:10.3390/jfmk5040081 

27. Schelling, X., Calleja-González, J., Torres-Ronda, L., & Terrados, N. (2015). Using 

Testosterone and Cortisol as Biomarker for Training Individualization in Elite Basketball. 

Journal of Strength and Conditioning Research, 29(2), 368–378. 

doi:10.1519/jsc.0000000000000642 

28.  Kallen VL, Stubbe JH, Zwolle HJ, Valk P. Capturing effort and recovery: reactive and 

recuperative cortisol responses to competition in well-trained rowers. BMJ Open Sport & 

Exercise Medicine. 2017;3(1):e000235. doi:10.1136/bmjsem-2017-000235 

29 Saidi K, Abderrahman AB, Boullosa DA, et al. The interplay between plasma hormonal 

concentrations, physical fitness, workload and mood state changes to periods of congested 

match play in professional soccer players. Frontiers in Physiology. 2020;11. 

doi:10.3389/fphys.2020.00835 



  

10 

30. Powell DJ, Schlotz W. Daily life stress and the cortisol awakening response: Testing the 

anticipation hypothesis. PLoS ONE. 2012;7(12):e52067. doi:10.1371/journal.pone.0052067 

31. Saidi K, Abderrahman AB, Boullosa DA, et al. The interplay between plasma hormonal 

concentrations, physical fitness, workload and mood state changes to periods of congested 

match play in professional soccer players. Frontiers in Physiology. 2020;11. 

doi:10.3389/fphys.2020.00835 

32. Poderoso R, Cirilo-Sousa M, Júnior A, et al. Gender differences in chronic hormonal and 

immunological responses to CrossFit®. International Journal of Environmental Research and 

Public Health. 2019;16(14):2577. doi:10.3390/ijerph16142577 

33. Bezuglov E, Ahmetov II, Lazarev A, et al. The relationship of testosterone levels with sprint 

performance in young professional track and field athletes. Physiology & Behavior. 

2023;271:114344. doi:10.1016/j.physbeh.2023.114344 

34. Hayes LD, Grace FM, Baker JS, Sculthorpe N. Exercise-Induced responses in salivary 

testosterone, cortisol, and their ratios in Men: A Meta-Analysis. Sports Medicine. 

2015;45(5):713-726. doi:10.1007/s40279-015-0306-y 

35. Hunter SK, Angadi SS, Bhargava A, et al. The Biological Basis of sex Differences in 

Athletic Performance: Consensus Statement for the American College of Sports Medicine. 

Medicine & Science in Sports & Exercise. 2023;55(12):2328-2360. 

doi:10.1249/mss.0000000000003300 

36. Zouhal H, Jayavel A, Parasuraman K, et al. Effects of Exercise Training on Anabolic and 

Catabolic Hormones with Advanced Age: A Systematic Review. Sports Medicine. 

2021;52(6):1353-1368. doi:10.1007/s40279-021-01612-9 

37. Caine D, Walch T, Sabato T. The elite young athlete: strategies to ensure physical and 

emotional health. Open Access Journal of Sports Medicine. 2016;Volume 7:99-113. 

doi:10.2147/oajsm.s96821 

38. Abate M, Salini V. Oxidative stress, testosterone, cortisol, and vitamin D: differences in 

professional soccer players of African and Caucasian origin. Medical Principles and Practice. 

2022;31(4):352-358. doi:10.1159/000525728 

39. Hough J, Leal D, Scott G, Taylor L, Townsend D, Gleeson M. Reliability of salivary cortisol 

and testosterone to a high-intensity cycling protocol to highlight overtraining. Journal of Sports 

Sciences. 2021;39(18):2080-2086. doi:10.1080/02640414.2021.1918362 

40. Grandys M, Majerczak J, Frolow M, Chlopicki S, Zoladz JA. Training-induced impairment 

of endothelial function in track and field female athletes. Scientific Reports. 2023;13(1). 

doi:10.1038/s41598-023-30165-2 

41. Kallen VL, Stubbe JH, Zwolle HJ, Valk P. Capturing effort and recovery: reactive and 

recuperative cortisol responses to competition in well-trained rowers. BMJ Open Sport & 

Exercise Medicine. 2017;3(1):e000235. doi:10.1136/bmjsem-2017-000235 

42. Sansone P, Tessitore A, Paulauskas H, et al. Physical and physiological demands and 

hormonal responses in basketball small-sided games with different tactical tasks and training 

regimes. Journal of Science and Medicine in Sport. 2019;22(5):602-606. 

doi:10.1016/j.jsams.2018.11.017 

 



  

11 

43. Serpell BG, Horgan BG, Colomer CME, Field B, Halson SL, Cook CJ. Sleep and salivary 

testosterone and cortisol during a short preseason camp: A study in professional Rugby union. 

International Journal of Sports Physiology and Performance. 2019;14(6):796-804. 

doi:10.1123/ijspp.2018-0600 

44. Hackney AC, Elliott-Sale KJ. Exercise endocrinology: “What comes next?” Endocrines. 

2021;2(3):167-170. doi:10.3390/endocrines2030017 

45.Ficarra G, Caccamo D, Rottura M, Bitto A, Trimarchi F, Di Mauro D. 

TESTOSTERONE:CORTISOL ratio as a predictor of podium in adolescent rowing athletes. 

Heliyon. 2023;9(11):e22315. doi:10.1016/j.heliyon.2023.e22315 

46. Barbara M, Anna K, Agnieszka ZL. The impact of professional sports activity on GH-IGF-

I axis in relation to testosterone level. American Journal of Men S Health. 

2020;14(1):155798831990082. doi:10.1177/1557988319900829 

47. Grandys M, Majerczak J, Frolow M, Chlopicki S, Zoladz JA. Training-induced impairment 

of endothelial function in track and field female athletes. Scientific Reports. 2023;13(1). 

doi:10.1038/s41598-023-30165-2 

48. Saidi K, Abderrahman AB, Boullosa DA, et al. The interplay between plasma hormonal 

concentrations, physical fitness, workload and mood state changes to periods of congested 

match play in professional soccer players. Frontiers in Physiology. 2020;11. 

doi:10.3389/fphys.2020.00835 

49. De Barros De Luccia TP, Natali JES, Moreira A, Chaui-Berlinck JG, Bicudo JEPW. Bouts 

of exercise elicit discordant testosterone: cortisol ratios in runners and non-runners. Archives 

of Endocrinology and Metabolism. Published online May 7, 2018. doi:10.20945/2359-

3997000000042 

50. Hunter SK, Angadi SS, Bhargava A, et al. The Biological Basis of sex Differences in 

Athletic Performance: Consensus Statement for the American College of Sports Medicine. 

Medicine & Science in Sports & Exercise. 2023;55(12):2328-2360. 

doi:10.1249/mss.0000000000003300 


