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Abstract 

Objectives: The aim of this study was to explore the impact of different training interventions on cortisol and 

inflammatory cytokines in elite athletes. Materials and Methods: The current study consisted of male, healthy, 

elite, and professional basketball athletes aged 18-34 years old from two elite teams from Greece and Turkey. 

The current experimental procedure involved measurements of serum cortisol, tumor necrosis factor A (TNF-

α), and creatine kinase (CK) levels as well as lymphocytes and neutrophils. The current study consisted of three 

different blood sample collection time points: before initiation, mid-season, and at the end of the training 

season. Statistical analysis was carried out using GraphPad Prism 9.2. Two-way Analyses of Variance 

(ANOVA) with repeated measures were performed for all the parameters. The P value was set at <0.05. 

Results: The Turkish elite athletes showed a 3.857-fold increase in TNFα in all measurements as well as 58% 

and 34% increases for the second and third measurements of cortisol compared to the Greek athletes. There was 

no statistically significant difference between the groups regarding serum CK, lymphocytes, and neutrophils. In 

addition, there was a trend of an increase in serum CK. However, it did not reach statistical significance. 

Conclusion: The current study shed light on the impact of different training regiments on cortisol and 

inflammatory cytokines. It was clearly highlighted how small training changes between countries can influence 

several biochemical markers. Our results highlight the crucial role of training design for cortisol and TNF-α 

levels in elite athletes during an entire training season. 
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Introduction 

Exercise training regimens play a very crucial role in improving metabolic and cardiovascular health 

as well as for maintaining a healthy immune system (Apostolopoulos et al., 2014; Beavers et al., 2010).  

The exercise-associated activation of the immune system can lead to a modified concentration of 

proinflammatory cytokines. The frequency and intensity of these exercise training stimuli can have a 

considerable impact on these adaptive mechanisms and modify the proinflammatory cytokines accordingly 

(Gokhale et al., 2007). 

One of the main inflammatory cytokines with very controversial results in the literature regarding 

exercise adaptations is Tumor Necrosis Factor alpha (TNF-α). TNF-α is a protein that is mainly produced by 

activated macrophages, T lymphocytes, and natural killer (NK) cells. Exercise can result in different 

modifications of TNF-a. A quite pronounced increase in TNF-α levels has been shown in endurance elite 

athletes (Bernecker et al., 2013). 

However, several controversial results in the literature have not resulted in a clear picture of the role of 

different types of exercise on specific cytokines (McMahon et al., 2019; Smart et al., 2011)  

Cortisol is a glucocorticoid hormone that is secreted via the adrenal cortex. It is generated as a response to 

several physical, physiological, and psychological stressors (Wittert 1996, Hackney 2006, Hill 2008). Exercise 

is considered one of the main stressors that can modify circulating serum cortisol levels (Davies & Few 1973, 

Hill 2008). In addition, moderate to high-intensity exercise can lead to skeletal muscle damage, resulting in 

elevation of serum CK. CK is a protein that is is widely recognized as a biomarker of muscle damage, and 

increased levels can indicate prevalence of muscle disease, myocardial infraction, or mitochondrial myopathies 

(Brancaccio et al. 2007) 

Collectively, the main literature findings have shown that moderate to high-intensity exercise can lead 

to modified circulating cortisol levels (Battaglini, 2008), TNF-α (Ulven 2015), and serum creatine kinase 

(Stelzer, 2015). Even though many studies have investigated the acute and chronic effects of exercise, there is 

no clear picture regarding the different training interventions and their impact on these parameters; thus, we 

explored this in this study. 
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Materials and Methods 

Participants 

The experimental population for the study was comprised of healthy male, elite basketball players 

from Greek and Turkish teams. The inclusion criteria for the current study included good health and no 

prevalence of any chronic pathological conditions or fever episodes for at least 4 weeks before each blood 

sampling. In addition, the participants were not allowed to use any medication or nutrition supplements for at 

least two weeks before each of the measurements (confirmed by dietary recall). In addition, the athletes 

participating were advised to follow a healthy lifestyle with stable dietary conditions during the entire training 

season. The current experimental procedure consisted of 31 participants—elite athletes competing in the Euro 

league. In total, 15 athletes competed in a Greek Basketball team, while the other group of 16 athletes competed 

in a Turkish basketball team. Before initiation of the measurements, both verbal and written informed consents 

were obtained from all the participants. Furthermore, all the basketball athletes went through routine clinical 

examinations, including echocardiogram (ECG), blood pressure, and heart rate measurements, chest X-rays, 

etc. 

Experimental procedure  

The experimental procedure included blood sampling at three different time points, conducted in a 12-

hour fasted state. The three time points were at the beginning of the training season, mid-way, and at the 

completion of the annual training season, and 20 mL of blood was collected each time from each participant. 

The sample was placed in special tubes, which accelerated coagulation, and it was left to coagulate at room 

temperature and was subsequently centrifuged at 3500 rpm for 5 min for (Eppendorf, UK) separation of the 

serum. The serum was stored at −20°C before measurement using automatic analyzers {(Mindray-BS-200 / 

China), [CLIA (Vidas, Roche, Basel, Switzerland)]}.  

Statistical analysis 

Graphpad Prism (9.2) was used for all analyses. The values are presented via the utilization of means ± 

SEM. For comparison of the repeated measurements in the groups, two-way ANOVA for repeated measures 

was used. The P-value was set at p<0.05 to determine the statistically significant results.  

 

Results 

The results of the current study are presented as means ± SEM. 

There were no significant differences in serum CK levels between the groups (Figure 1). In addition, even 

though there was an increasing trend at the second measurement mid-season, it did not reach statistical 

significance. 

 

 
 

Figure 1. Serum CK in elite athletes from Greece or Turkey at the start (measurement 1), mid-season 

(measurement 2), and at the end (measurement 3) of the training season. Results are presented as means ± SEM, 

n=15–16 per group. 

 

One of the most important results highlighted the importance of training stimuli and their role on 

cortisol levels. More specifically, the Turkish elite athletes showed 58% and 34% increased cortisol levels at 

the second measurements mid-season and at the third measurements at the end of the season, respectively, 

compared to the Greek basketball team. 
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Figure 2. Serum circulating cortisol levels in elite athletes from Greece or Turkey at the start (measurement 1), 

mid-season (measurement 2), and at the end (measurement 3) of the training season. Results are presented as 

means ± SEM, n=15–16 per group. 

In addition, the Turkish elite athletes showed a 3.857-fold increase in TNFα levels in all measurements 

compared to the Greek athletes. 

 
Figure 3. TNFα levels in elite athletes from Greece or Turkey at the start (measurement 1), mid-season 

(measurement 2), and at the end (measurement 3) of the training season. Results are presented as means ± SEM, 

n=15–16 per group. 

In terms of the number of lymphocytes or neutrophils, the measurements showed no differences 

between the groups or among the different measurements. 

A                                             B 

 
Figure 4. (A) Lymphocytes and (B) neutrophils in elite athletes from Greece or Turkey at the start 

(measurement 1), mid-season (measurement 2), and at the end (measurement 3) of the training season. Results 

are presented as means ± SEM, n=15–16 per group. 
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Discussion 

To elucidate the impact of training design and parameters on several biochemical markers, we carried 

out serial measurements of creatine kinase, cortisol, TNF-α levels as well as lymphocytes and neutrophils 

during an entire annual training season. The current study included measurements from players from two elite 

basketball teams (Euroleague level) from Greece and Turkey. This was the first study to conduct these types of 

serial measurements and comparisons between the two countries during an entire training season. 

The impacts of acute and chronic exercise on creatine kinase, cortisol, TNF-α levels as well as on 

lymphocytes and neutrophils have been mentioned in several scientific papers showing many different and 

contradictory results (Araujo et al., 2019; Kilic et al., 2019; Estrela et al., 2017; Lira et al., 2015; Nieman et al., 

2005). It is likely that the role of different training stimuli in different settings plays a major role at some of 

these parameters, including TNF-α and cortisol. This specific field of research has not been investigated in 

depth, and results have been contradictory; this is the reason why we explored this topic in the current study. 

First, serum CK is widely recognized as a representative biomarker indicating skeletal muscle damage 

and recovery (Nikolaidis et al., 2003). It has been primarily shown to increase after strenuous exercise and stay 

elevated for days when there is no adequate recovery or in the prevalence of any skeletal muscle pathological 

condition, myocardial infraction, or mitochondrial myopathy (Brancaccio et al., 2007; Baird et al., 2012; 

Koutedakis et al., 1993). Overall, the serum CK levels of both groups were increased compared to non-athlete 

normal individuals. However, for both groups in the current study that were comprised of elite athletes, there 

was no statistically significant differences between the groups. There is a strong trend for increased serum CK 

levels at mid-season, most likely because of the increased training load and training intensities. However, 

because both groups were from the same level, it was very hard to obtain significant differences from such 

subtle differences. In addition, the variability of the results in the second measurement may be a reason for the 

lack of statistical significance. An increase of sample number in each group could potentially lead to 

statistically significant differences in the serum CK levels, especially mid-season. This is the reason why a 

greater participant number is recommended for future studies.  

Second, circulating cortisol levels have been shown to be either increased (Peters et al., 2001; Lee et 

al., 2015) or reduced (Rist & Pearce, 2019) in elite athletes. The increase or reduction of this particular 

hormone can be attributed to chronic stress because of continuous games and leagues during the training season 

(Lee et al., 2015; Rist & Pearce, 2019). However, the precise regulation of this hormone is not yet clear. In the 

current study, the cortisol levels were greatly increased for athletes that were on the Tuskish team. This was 

most likely due to the chronic stress, the increased number of games and leagues during the season, as well the 

different training design, organization, and volume. 

Furthermore, physical exercise training leads to several exercise adaptations and benefits via 

modifying the immune system and metabolic health. One of the main cytokines that plays a crucial role during 

acute and chronic exercise is TNF-α. TNF-α is released as a part of an inflammatory response to exercise 

stimuli (Abedelmalek et al., 2013; Andersson et al., 2010; Gokhale et al., 2007). Its levels depend on several 

exercise parameters. However, very high or very low levels of TNF-α have been associated with oxidative 

stress (Simioni et al., 2018). In the current study, the athletes from the Turkish team showed an approximate 

3.9-fold increase in TNF-α, which is indicative of potential stress and oxidative stress, likely due to overtraining 

and other associated parameters. Because this finding is descriptive, more research is required to identify the 

specific mechanisms linking exercise training regimes in elite athletes and TNF-α responses. 

Regarding the immune cell count (lymphocytes and neutrophils) as a response to exercise stimuli in 

elite training regimes, it has been previously shown that the cell count may be lower in athletes participating in 

selected endurance-associated sports (Horn et al., 2010). However, many parameters can influence this, 

including the time of measurement post-exercise and exercise intensity. In our current study, there was no 

difference in the cell counts between the groups. This can be attributed to the fact that all athletes were at the 

same performance level. In addition, basketball includes endurance bouts of exercise, but it also has other 

components. This is likely to have influenced the result. More research is required to shed light on this. 

 

Conclusions 

The impact of different training regimens and different training designs between elite basketball teams 

in different countries has not been addressed adequately in the literature. This is the first study that attempted to 

explore this to shed light on the different training adaptations and how these are addressed in different 

countries. The measured parameters in this study can be a basis for future research and screening during serial 

measurements in elite basketball teams to prevent chronic stress and fatigue and to optimize the performance 

and well-being of athletes. 

Conflicts of interest - The authors declare that they have no competing interests. 

Ethical approval: 

All procedures performed in our studies involving human participants were in accordance with the ethical 

standards of the institutional (National and Kapodistrian University of Athens Ethics Committee) and national 

research committee with the 1964 Helsinki Declaration and its later amendments or comparable ethical 

standards. 



C. TOKATLIDOU, C. E. XIROUCHAKI, N. KOSTOPOULOS, E. ARMENIS
 

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

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

JPES ®      www.efsupit.ro  
3610

Acknowledgements 

The authors would like to thank Falcon Scientific Editing (https://falconediting.com) for proofreading the 

English language in this paper. 

 

References 

Abedelmalek, S., Souissi, N., Chtourou, H., Denguezli, M., Aouichaoui, C., Ajina, M., . . . Tabka, Z. (2013). 

Effects of partial sleep deprivation on proinflammatory cytokines, growth hormone, and steroid 

hormone concentrations during repeated brief sprint interval exercise. Chronobiol Int, 30(4), 502-509. 

https://doi.org/10.3109/07420528.2012.742102  

Andersson, J., Jansson, J. H., Hellsten, G., Nilsson, T. K., Hallmans, G., & Boman, K. (2010). Effects of heavy 

endurance physical exercise on inflammatory markers in non-athletes. Atherosclerosis, 209(2), 601-

605. https://doi.org/10.1016/j.atherosclerosis.2009.10.025  

Apostolopoulos, V., Borkoles, E., Polman, R., & Stojanovska, L. (2014). Physical and immunological aspects 

of exercise in chronic diseases. Immunotherapy, 6(10), 1145-1157. https://doi.org/10.2217/imt.14.76  

Araujo, N. C., Neto, A. M. M., Fujimori, M., Bortolini, M. S., Justino, A. B., Honorio-França, A. C., & Luzía 

França, E. (2019). Immune and Hormonal Response to High-intensity Exercise During Orienteering. 

Int J Sports Med, 40(12), 768-773. https://doi.org/10.1055/a-0970-9064  

Baird, M. F., Graham, S. M., Baker, J. S., & Bickerstaff, G. F. (2012). Creatine-kinase- and exercise-related 

muscle damage implications for muscle performance and recovery. J Nutr Metab, 2012, 960363. 

https://doi.org/10.1155/2012/960363  

Beavers, K. M., Brinkley, T. E., & Nicklas, B. J. (2010). Effect of exercise training on chronic inflammation. 

Clin Chim Acta, 411(11-12), 785-793. https://doi.org/10.1016/j.cca.2010.02.069  

Bernecker, C., Scherr, J., Schinner, S., Braun, S., Scherbaum, W. A., & Halle, M. (2013). Evidence for an 

exercise induced increase of TNF-α and IL-6 in marathon runners. Scand J Med Sci Sports, 23(2), 207-

214. https://doi.org/10.1111/j.1600-0838.2011.01372.x  

Brancaccio, P., Maffulli, N., & Limongelli, F. M. (2007). Creatine kinase monitoring in sport medicine. Br Med 

Bull, 81-82, 209-230. https://doi.org/10.1093/bmb/ldm014  

Davies, C. T., & Few, J. D. (1973). Effects of exercise on adrenocortical function. J Appl Physiol, 35(6), 887-

891. https://doi.org/10.1152/jappl.1973.35.6.887  

Estrela, A. L., Zaparte, A., da Silva, J. D., Moreira, J. C., Turner, J. E., & Bauer, M. E. (2017). High Volume 

Exercise Training in Older Athletes Influences Inflammatory and Redox Responses to Acute Exercise. 

J Aging Phys Act, 25(4), 559-569. https://doi.org/10.1123/japa.2016-0219  

Gokhale, R., Chandrashekara, S., & Vasanthakumar, K. C. (2007). Cytokine response to strenuous exercise in 

athletes and non-athletes--an adaptive response. Cytokine, 40(2), 123-127. 

https://doi.org/10.1016/j.cyto.2007.08.006  

Hackney, A. C. (2006). Stress and the neuroendocrine system: the role of exercise as a stressor and modifier of 

stress. Expert Rev Endocrinol Metab, 1(6), 783-792. https://doi.org/10.1586/17446651.1.6.783  

He, C. S., Tsai, M. L., Ko, M. H., Chang, C. K., & Fang, S. H. (2010). Relationships among salivary 

immunoglobulin A, lactoferrin and cortisol in basketball players during a basketball season. Eur J 

Appl Physiol, 110(5), 989-995. https://doi.org/10.1007/s00421-010-1574-8  

Hill, E. E., Zack, E., Battaglini, C., Viru, M., Viru, A., & Hackney, A. C. (2008). Exercise and circulating 

cortisol levels: the intensity threshold effect. J Endocrinol Invest, 31(7), 587-591. 

https://doi.org/10.1007/BF03345606  

Horn, P. L., Pyne, D. B., Hopkins, W. G., & Barnes, C. J. (2010). Lower white blood cell counts in elite 

athletes training for highly aerobic sports. Eur J Appl Physiol, 110(5), 925-932. 

https://doi.org/10.1007/s00421-010-1573-9  

Kılıc, Y., Cetin, H. N., Sumlu, E., Pektas, M. B., Koca, H. B., & Akar, F. (2019). Effects of Boxing Matches on 

Metabolic, Hormonal, and Inflammatory Parameters in Male Elite Boxers. Medicina (Kaunas), 55(6). 

https://doi.org/10.3390/medicina55060288  

Kindermann, W. (2016). Creatine Kinase Levels After Exercise. Dtsch Arztebl Int, 113(19), 344. 

https://doi.org/10.3238/arztebl.2016.0344a  

Koutedakis, Y., Raafat, A., Sharp, N. C., Rosmarin, M. N., Beard, M. J., & Robbins, S. W. (1993). Serum 

enzyme activities in individuals with different levels of physical fitness. J Sports Med Phys Fitness, 

33(3), 252-257.  

Lee, D. Y., Kim, E., & Choi, M. H. (2015). Technical and clinical aspects of cortisol as a biochemical marker 

of chronic stress. BMB Rep, 48(4), 209-216. https://doi.org/10.5483/bmbrep.2015.48.4.275  

Lira, F. S., Panissa, V. L., Julio, U. F., & Franchini, E. (2015). Differences in metabolic and inflammatory 

responses in lower and upper body high-intensity intermittent exercise. Eur J Appl Physiol, 115(7), 

1467-1474. https://doi.org/10.1007/s00421-015-3127-7  

McMahon, G., Morse, C. I., Winwood, K., Burden, A., & Onambélé, G. L. (2019). Circulating Tumor Necrosis 

Factor Alpha May Modulate the Short-Term Detraining Induced Muscle Mass Loss Following 

Prolonged Resistance Training. Front Physiol, 10, 527. https://doi.org/10.3389/fphys.2019.00527  



C. TOKATLIDOU, C. E. XIROUCHAKI, N. KOSTOPOULOS, E. ARMENIS
 

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

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

JPES ®      www.efsupit.ro  
3611

Mougios, V. (2007). Reference intervals for serum creatine kinase in athletes. Br J Sports Med, 41(10), 674-

678. https://doi.org/10.1136/bjsm.2006.034041  

Nieman, D. C., Davis, J. M., Henson, D. A., Gross, S. J., Dumke, C. L., Utter, A. C., . . . Triplett, N. T. (2005). 

Muscle cytokine mRNA changes after 2.5 h of cycling: influence of carbohydrate. Med Sci Sports 

Exerc, 37(8), 1283-1290. https://doi.org/10.1249/01.mss.0000175054.99588.b1  

Nieman, D. C., & Pedersen, B. K. (1999). Exercise and immune function. Recent developments. Sports Med, 

27(2), 73-80. https://doi.org/10.2165/00007256-199927020-00001  

Nikolaidis, M. G., Protosygellou, M. D., Petridou, A., Tsalis, G., Tsigilis, N., & Mougios, V. (2003). 

Hematologic and biochemical profile of juvenile and adult athletes of both sexes: implications for 

clinical evaluation. Int J Sports Med, 24(7), 506-511. https://doi.org/10.1055/s-2003-42014  

Peters, E. M., Anderson, R., Nieman, D. C., Fickl, H., & Jogessar, V. (2001). Vitamin C supplementation 

attenuates the increases in circulating cortisol, adrenaline and anti-inflammatory polypeptides 

following ultramarathon running. Int J Sports Med, 22(7), 537-543. https://doi.org/10.1055/s-2001-

17610  

Rist     Billymo, P. A. J. (2019). Tiered Levels of Resting Cortisol in an Athletic Population. A Potential Role 

for Interpretation in Biopsychosocial Assessment? In (Vol. 4, pp. 8). J. Funct. Morphol. Kinesiol.     

2019. 

Simioni, C., Zauli, G., Martelli, A. M., Vitale, M., Sacchetti, G., Gonelli, A., & Neri, L. M. (2018). Oxidative 

stress: role of physical exercise and antioxidant nutraceuticals in adulthood and aging. Oncotarget, 

9(24), 17181-17198. https://doi.org/10.18632/oncotarget.24729  

Smart, N. A., Larsen, A. I., Le Maitre, J. P., & Ferraz, A. S. (2011). Effect of exercise training on interleukin-6, 

tumour necrosis factor alpha and functional capacity in heart failure. Cardiol Res Pract, 2011, 532620. 

https://doi.org/10.4061/2011/532620  

Stelzer, I., Kröpfl, J. M., Fuchs, R., Pekovits, K., Mangge, H., Raggam, R. B., . . . Mächler, P. (2015). Ultra-

endurance exercise induces stress and inflammation and affects circulating hematopoietic progenitor 

cell function. Scand J Med Sci Sports, 25(5), e442-450. https://doi.org/10.1111/sms.12347  

Ulven, S. M., Foss, S. S., Skjølsvik, A. M., Stadheim, H. K., Myhrstad, M. C., Raael, E., . . . Holven, K. B. 

(2015). An acute bout of exercise modulate the inflammatory response in peripheral blood 

mononuclear cells in healthy young men. Arch Physiol Biochem, 121(2), 41-49. 

https://doi.org/10.3109/13813455.2014.1003566  

Wittert, G. A., Livesey, J. H., Espiner, E. A., & Donald, R. A. (1996). Adaptation of the hypothalamopituitary 

adrenal axis to chronic exercise stress in humans. Med Sci Sports Exerc, 28(8), 1015-1019. 

https://doi.org/10.1097/00005768-199608000-00011  

 

 

 


