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Classical studies of H. Selye [[27]] on the general adaptation syndrome evidenced involvement of the adrenal cortex in adaptation processes. Accordingly, cortisol has been nominated as the adaptation hormone. However, during the past 15 - 20 years several researchers in exercise physiology and sports medicine have had the opinion that the decreased ratio of testosterone/cortisol indicates a predominance of catabolism that is undesirable for adaptation and improvement of performance in athletes. In their opinion, an increased cortisol concentration is “guilty” of association with maladaptation.

In 1986 Adlercreutz and coworkers [[1]] focused attention to the ratio testosterone/cortisol. They proposed using the ratio between free testosterone and cortisol as an indication of overstrain if the ratio decreases more than 30 % or if the ratio is less than 0.35 · 10-3. This way, an extreme situation in the balance of anabolic and catabolic stimuli may be detected. However, the proposed quantitative measure was later forgotten and any decrease in the ratio was considered as a bad indication including an association with overtraining. Attention has not paid to the fact that Adlercreutz et al. [[1]] considered free but not total testosterone concentration in the blood. Moreover, Adlercreutz's team focused on the overreaching rather than overtraining. Actually, in a number of studies the decreased ratio was associated with improved performance of athletes [[17], [32]]. In high-level rowers, the cortisol response to all-out exercise increased in conjunction with improved performance during a training year [[28]].

The purpose of the present editorial is to comment the actual significance of cortisol in exercise and to correct several misunderstandings in evaluation of cortisol responses in athletes.




References


	
[bookmark: R214-1]1 
              Adllercreutz H, Härkönen K, Kuoppasalmi K, Näveri H, Huthtaniemi H, Tikkanen H, Remes K, Dessyris A, Karvonen J. 
              Effect of training on plasma anabolic and catabolic steroid hormones and their responses during physical exercise. 
              Int J Sports Med. 
              1986; 
              7 (Suppl) 
              27-28 
            





Article in Thieme ConnectPubMedGoogle Scholar





	
[bookmark: R214-2]2 
              Booth F W, Thomasson D B. 
              Molecular and cellular adaptation of muscle in response to exercise: perspectives of various models. 
              Physiol Rev. 
              1991; 
              71 
              541-585 
            





PubMedGoogle Scholar





	
[bookmark: R214-3]3 
              Brandenberger G, Follenius M, Muzet A. 
              Interactions between spontaneous and provoked cortisol secretory episodes in man. 
              J Clin Endocrin Metab. 
              1984; 
              59 
              406-411 
            





PubMedGoogle Scholar





	
[bookmark: R214-4]4 
              Clausen T. 
              Regulation of active Na+, K+-transport in skeletal muscle. 
              Physiol Rev. 
              1986; 
              66 
              542-580 
            





PubMedGoogle Scholar





	
[bookmark: R214-5]5 
              Dohm C A. 
              Protein as a fuel for endurance exercise. 
              Exerc Sports Sci Rev. 
              1986; 
              14 
              143-173 
            





PubMedGoogle Scholar





	
[bookmark: R214-6]6 Fain J N. Inhibition of glucose transport in rat cells and activation of lipolysis by glucocorticoids. Baxter JD, Rousseau GG Glucocorticoid Hormone Action. Berlin, Heidelberg, New York; Springer 1979: 547-560 



Google Scholar





	
[bookmark: R214-7]7 Felig P, Baxter J D, Broadus A E, Frohman L A. Endocrinology and Metabolism. 2nd ed. New York; McGraw-Hill 1987 



Google Scholar





	
[bookmark: R214-8]8 
              Goodman H M. 
              Permissive effects of hormones in lipolysis. 
              Endocrinology. 
              1970; 
              86 
              1064-1974 
            





PubMedGoogle Scholar





	
[bookmark: R214-9]9 
              Gorski J, Nowacka M, Namiot Z, Kiryluk T. 
              Effect of exercise on energy substrates metabolism in tissues of adrenalectomized rats. 
              Acta Physiol Pol. 
              1987; 
              38 
              331-337 
            





PubMedGoogle Scholar





	
[bookmark: R214-10]10 Granner D K. The role of glucocorticoid hormones as biological amplifiers. Baxter JD, Rousseau GG Glucocorticoid Hormone Action. Berlin, Heidelberg, New York; Spinger 1979: 593-611 



Google Scholar





	
[bookmark: R214-11]11 
              Hickson R S, Davis J R. 
              Partial prevention of glucocorticoid-induced muscle atrophy by endurance training. 
              Am J Physiol. 
              1981; 
              241 
              E226-232 
            





PubMedGoogle Scholar





	
[bookmark: R214-12]12 
              Hickson R C, Kurowski T T, Capaccio J A, Chatterton R T. 
              Androgen cytosol binding in exercise-induced sparing of muscle atrophy. 
              Am J Physiol. 
              1984; 
              247 
              E597-603 
            





PubMedGoogle Scholar





	
[bookmark: R214-13]13 
              Ingle D J. 
              The role of adrenal cortex in homeostasis. 
              J Endocrinol. 
              1952; 
              8 
              XXII-XXXVII 
            





PubMedGoogle Scholar





	
[bookmark: R214-14]14 
              Kjaer M. 
              Regulation of hormonal and metabolic responses during exercise in humans. 
              Exerc Sport Sci Rev. 
              1992; 
              20 
              161-184 
            





PubMedGoogle Scholar





	
[bookmark: R214-15]15 
              Kõrge P, Roosson S, Oks M. 
              Heart adaptation to physical exertion in relation to work duration. 
              Acta Cardiol. 
              1974; 
              29 
              303-320 
            





PubMedGoogle Scholar





	
[bookmark: R214-16]16 
              Kõrge P, Roosson S. 
              The importance of adrenal glands in the improved adaptation of trained animals to physical exertion. 
              Endokrinologie. 
              1975; 
              64 
              232-238 
            





PubMedGoogle Scholar





	
[bookmark: R214-17]17 
              Kuipers H, Keizer H A. 
              Overtraining in elite athletes: review and directions for the future. 
              Sports Med. 
              1988; 
              6 
              79-92 
            





CrossrefPubMedGoogle Scholar





	
[bookmark: R214-18]18 
              Litvinova L, Viru A, Smirnova T. 
              Renal urea clearance in normal and adrenalectomized rats after exercise. 
              Jpn J Physiol. 
              1989; 
              39 
              713-723 
            





PubMedGoogle Scholar





	
[bookmark: R214-19]19 
              Litvinova L, Viru A. 
              Effect of exercise and adrenal insufficiency on urea production in rats. 
              Eur J Appl Physiol. 
              1995; 
              70 
              536-540 
            





CrossrefPubMedGoogle Scholar





	
[bookmark: R214-20]20 
              Mader A. 
              A transcription-translation activation feedback circuit as a function of protein degradation, with the quality of protein mass adaptation related to average functional load. 
              J Theor Biol. 
              1988; 
              134 
              135-157 
            





PubMedGoogle Scholar





	
[bookmark: R214-21]21 
              Malig H, Stern D, Atland P, Highman B, Brodie B. 
              The physiological role of the sympathetic system in exercise. 
              J Pharmacol Exper Therap. 
              1966; 
              154 
              35-45 
            





PubMedGoogle Scholar





	
[bookmark: R214-22]22 
              Matlina E, Schreiberg G, Voinova M, Dunajeva L. 
              The interrelationships between catecholamines and corticosteroids in the course of muscular fatigue. 
              Sechenov Physiol J USSR. 
              1978; 
              64 
              171-176 
            





PubMedGoogle Scholar





	
[bookmark: R214-23]23 
              Mayer M, Rosen R. 
              Interaction of glucocorticoids and androgens with skeletal muscle. 
              Metabolism. 
              1977; 
              96 
              937-962 
            





PubMedGoogle Scholar





	
[bookmark: R214-24]24 
              Pohorecky L A, Wurtman R J. 
              Adrenocortical control of epinephrine synthesis. 
              Pharmacol Rev. 
              1971; 
              23 
              1-35 
            





PubMedGoogle Scholar





	
[bookmark: R214-25]25 
              Seene T, Viru A. 
              The catabolic effects of glucocorticoids on different types of skeletal muscle fibers and its dependence upon muscle activity and interaction with anabolic steroids. 
              J Steroid Biochem. 
              1982; 
              16 
              349-352 
            





CrossrefPubMedGoogle Scholar





	
[bookmark: R214-26]26 
              Sellers T L, Jaussi A W, Yang H T, Heninger R W, Winder W W. 
              Effect of exercise-induced increase in glucocorticoids on endurance in the rat. 
              J Appl Physiol. 
              1988; 
              65 
              173-178 
            





PubMedGoogle Scholar





	
[bookmark: R214-27]27 Selye H. The Physiology and Pathology of Exposure to Stress. Montreal; Medical Publishers 1950 



Google Scholar





	
[bookmark: R214-28]28 
              Snegovskaya V, Viru A. 
              Elevation of cortisol and growth hormone levels in the course of further improvement of performance capacity in trained rowers. 
              Int J Sports Med. 
              1993; 
              14 
              202-206 
            





Article in Thieme ConnectPubMedGoogle Scholar





	
[bookmark: R214-29]29 
              Snegovskaya V, Viru A. 
              Steroid and pituitary hormone responses in rowing exercises. Relative significance of exercise intensity and duration. 
              Eur J Appl Physiol. 
              1993; 
              67 
              59-65 
            





CrossrefPubMedGoogle Scholar





	
[bookmark: R214-30]30 
              Steensberg A, Fischer C P, Keller C, Møller K, Pedersen B K. 
              IL-6 enhances plasma IL-1 ra, IL-10, and cortisol in humans. 
              Am J Physiol. 
              2003; 
              285 
              E433-E437 
            





CrossrefPubMedGoogle Scholar





	
[bookmark: R214-31]31 
              Struck P J, Tipton S M. 
              Effect of acute exercise on glycogen levels in adrenalectomized rats. 
              Endocrinology. 
              1974; 
              95 
              1385-1391 
            





PubMedGoogle Scholar





	
[bookmark: R214-32]32 
              Urhausen A, Gabriel H, Kindermann W. 
              Blood hormones as markers of training stress and overtraining. 
              Sports Med. 
              1995; 
              20 
              351-376 
            





PubMedGoogle Scholar





	
[bookmark: R214-33]33 
              Varrik E, Viru A, Ööpik V, Viru M. 
              Exercise-induced catabolic responses in various muscle fibers. 
              Can J Sports Sci. 
              1992; 
              17 
              125-128 
            





PubMedGoogle Scholar





	
[bookmark: R214-34]34 
              Viru A. 
              Plasma hormones and physical exercise. 
              Int J Sports Med. 
              1992; 
              13 
              201-209 
            





Article in Thieme ConnectPubMedGoogle Scholar





	
[bookmark: R214-35]35 
              Viru A. 
              Postexercise recovery period: carbohydrate and protein metabolism. 
              Scand J Med Sci Sports. 
              1996; 
              6 
              2-14 
            





PubMedGoogle Scholar





	
[bookmark: R214-36]36 
              Viru A, Eller A. 
              Adrenocortical regulation of protein metabolism during prolonged physical exertion. 
              Bull Eksp Biol Med. 
              1976; 
              82 
              1436-1439 
            





PubMedGoogle Scholar





	
[bookmark: R214-37]37 
              Viru A, Smirnova T. 
              Independence of physical working capacity from increased glucocorticoid level during short-term exercise. 
              Int J Sports Med. 
              1982; 
              3 
              80-83 
            





PubMedGoogle Scholar





	
[bookmark: R214-38]38 
              Viru A, Smirnova T. 
              Involvement of protein synthesis in the action of glucocorticoids on the working capacity of adrenalectomized rats. 
              Int J Sports Med. 
              1985; 
              6 
              225-228 
            





PubMedGoogle Scholar





	
[bookmark: R214-39]39 Viru A, Viru M. Biochemical Monitoring of Sport Training. Champaign; Human Kinetics 2001 



Google Scholar





	
[bookmark: R214-40]40 
              Viru A, Karelson K, Smirnova T. 
              Stability and variability in hormone responses to prolonged exercise. 
              Int J Sports Med. 
              1992; 
              13 
              230-235 
            





Article in Thieme ConnectPubMedGoogle Scholar





	
[bookmark: R214-41]41 
              Viru A, Litvinova L, Viru M, Smirnova T. 
              Glucocorticoids in metabolic control during exercise: alanine metabolism. 
              J Appl Physiol. 
              1994; 
              76 
              801-805 
            





PubMedGoogle Scholar





	
[bookmark: R214-42]42 
              Viru A, Hackney A C, Välja E, Karelson K, Janson T, Viru M. 
              Influence of prolonged continuous exercise on hormone responses to subsequent exercise in humans. 
              Eur J Appl Physiol. 
              2001; 
              85 
              578-585 
            





CrossrefPubMedGoogle Scholar





	
[bookmark: R214-43]43 
              Viru M, Litvinova L, Smirnova A, Viru A. 
              Glucocorticoids in metabolic control during exercise: glycogen metabolism. 
              J Sports Med Phys Fitness. 
              1994; 
              34 
              377-382 
            





PubMedGoogle Scholar









[bookmark: SIG1]A. Viru



Institute of Exercise Biology, University of Tartu




Ylikooli 18




Tartu 51041




Estonia




Email: atko.viru@ut.ee
























  >
  
  

    
  

  
    
      
        


      

    

    
      
        
        


      

    

  


  

  
  
    
      
      
    
    
      
        
        
      

    
  




  
  
    
      
      
    
    
      
        
        
      

    
  



  







    
    


















  






      

      

  
    Top of Page
  

  
    
      ©  Georg Thieme Verlag KG | 
      
      
        Imprint |
        Privacy policy statement |
      
      Smartphone Version
      

      
        Your Current IP Address: 54.242.37.42
      

    

    

  




      


  
    
  
  
  
    
    
      
        
        
        
        
      
      
      
      
    
  
  




    

    






    

    
      
        
      
    

    
    


    
      
      
      
    

  