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Abstract





Often blood screening is repeatedly done in elite athletes although training and competition can affect its results and normal ranges for highly active individuals are widely unknown. This study was conducted to provide reference data in professional soccer players. 467 male soccer players of the 2 highest German leagues were observed over an entire season. Venous blood sampling was conducted 4 times in a standardized manner to determine complete blood count, AST, ALT, CK, creatinine, urea, uric acid, cholesterol, electrolytes, ferritin, CRP and TSH.







There were significant changes during the season in hematocrit, creatinine, uric acid (decrease), CK, AST, urea, sodium, potassium, magnesium, and TSH (increase). Only the changes in hematocrit and CK were large enough to possibly interfere with clinical decisions in soccer players. Upper limits of the 95% confidence intervals exceeded population reference ranges slightly in AST, urea, creatinine, and potassium. The mean intraindividual coefficient of variation was below 10% in complete blood count (except leukocytes), creatinine, uric acid, total cholesterol, and all electrolytes. There seems to be a profound effect of elite soccer training and competition on hematocrit (plasma volume) and CK only. Spontaneous variability of most parameters is too small to justify repeated sampling only for routine screening. 







Trial Registration: NCT00946855 Effect of Elite Soccer Training on Routine Laboratory Parameters (SOCCERLAB), http://www.clinicaltrials.gov/ct2/show/NCT00946855?term=soccerlab&rank=1
          








[bookmark: N10BF5]
Key words

athletes - 
exercise - 
reference range - 
plasma volume - 
variability





 

[bookmark: ]

[bookmark: N11944]
	
References


	
[bookmark: R2120-0001]1 Banfi G, Del Fabbro M, Lippi G. Creatinine values during a competitive season in elite athletes involved in different sport disciplines. J Sports Med Phys Fitness 2008; 48: 479-482 





PubMedGoogle Scholar





	
[bookmark: R2120-0002]2 Banfi G, Del Fabbro M, Lippi G. Relation between serum creatinine and body mass index in elite athletes of different sport disciplines. Br J Sports Med 2006; 40: 675-678 





CrossrefPubMedGoogle Scholar





	
[bookmark: R2120-0003]3 Banfi G, Del Fabbro M, Mauri C, Corsi MM, Melegati G. Haematological parameters in elite rugby players during a competitive season. Clin Lab Haematol 2006; 28: 183-188 





CrossrefPubMedGoogle Scholar





	
[bookmark: R2120-0004]4 Bangsbo J, Norregaard L, Thorso F. Activity profile of competition soccer. Can J Sport Sci 1991; 16: 110-116 





PubMedGoogle Scholar





	
[bookmark: R2120-0005]5 Dill DB, Costill DL. Calculation of percentage changes in volume of blood, plasma, and red cells in dehydration. J Appl Physiol 1974; 37: 247-248 





CrossrefPubMedGoogle Scholar





	
[bookmark: R2120-0006]6 Durstine JL, Grandjean PW, Davis PG, Ferguson MA, Alderson NL, DuBose KD. Blood lipid and lipoprotein adaptations to exercise: a quantitative analysis. Sports Med 2001; 31: 1033-1062 





CrossrefPubMedGoogle Scholar





	
[bookmark: R2120-0007]7 El-Sayed MS. Effects of exercise and training on blood rheology. Sports Med 1998; 26: 281-292 





CrossrefPubMedGoogle Scholar





	
[bookmark: R2120-0008]8 Fallon KE. Clinical utility of blood tests in elite athletes with short term fatigue. Br J Sports Med 2006; 40: 541-544 





CrossrefPubMedGoogle Scholar





	
[bookmark: R2120-0009]9 Fallon KE. Utility of hematological and iron-related screening in elite athletes. Clin J Sport Med 2004; 14: 145-152 





CrossrefPubMedGoogle Scholar





	
[bookmark: R2120-0010]10 Gabriel H, Schwarz L, Born P, Kindermann W. Differential mobilization of leucocyte and lymphocyte subpopulations into the circulation during endurance exercise. Eur J Appl Physiol 1992; 65: 529-534 





CrossrefPubMedGoogle Scholar





	
[bookmark: R2120-0011]11 Haralambie G. Neuromuscular irritability and serum creatine phosphate kinase in athletes in training. Int Z Angew Physiol 1973; 31: 279-288 





PubMedGoogle Scholar





	
[bookmark: R2120-0012]12 Haralambie G, Berg A. Serum urea and amino nitrogen changes with exercise duration. Eur J Appl Physiol 1976; 36: 39-48 





CrossrefPubMedGoogle Scholar





	
[bookmark: R2120-0013]13 Harriss DJ, Atkinson G. Update - Ethical Standards in Sport and Exercise Science Research. Int J Sports Med 2011; 32: 819-821 





Article in Thieme ConnectPubMedGoogle Scholar





	
[bookmark: R2120-0014]14 Herrmann M, Scharhag J, Miclea M, Urhausen A, Herrmann W, Kindermann W. Post-race kinetics of cardiac troponin T and I and N-terminal pro-brain natriuretic peptide in marathon runners. Clin Chem 2003; 49: 831-834 





CrossrefPubMedGoogle Scholar





	
[bookmark: R2120-0015]15 Jackson KA, O’Rourke KM, Kark A, Kennedy GA. Artefactual elevation of creatinine due to creatine water supplements. Med J Aust 2010; 193: 616-617 





PubMedGoogle Scholar





	
[bookmark: R2120-0016]16 Law YL, Ong WS, GillianYap TL, Lim SC, Von Chia E. Effects of two and five days of creatine loading on muscular strength and anaerobic power in trained athletes. J Strength Cond Res 2009; 23: 906-914 





CrossrefPubMedGoogle Scholar





	
[bookmark: R2120-0017]17 Malm C, Ekblom O, Ekblom B. Immune system alteration in response to increased physical training during a five day soccer training camp. Int J Sports Med 2004; 25: 471-476 





Article in Thieme ConnectPubMedGoogle Scholar





	
[bookmark: R2120-0018]18 Marcos E, Ribas J. Kinetics of plasma potassium concentrations during exhausting exercise in trained and untrained men. Eur J Appl Physiol 1995; 71: 207-214 





CrossrefPubMedGoogle Scholar





	
[bookmark: R2120-0019]19 McDonald CA. Enzyme levels after running. JAMA 1981; 246: 40-41 





CrossrefPubMedGoogle Scholar





	
[bookmark: R2120-0020]20 McKenna MJ, Harmer AR, Fraser SF, Li JL. Effects of training on potassium, calcium and hydrogen ion regulation in skeletal muscle and blood during exercise. Acta Physiol Scand 1996; 156: 335-346 





CrossrefPubMedGoogle Scholar





	
[bookmark: R2120-0021]21 McMillan K, Helgerud J, Grant SJ, Newell J, Wilson J, Macdonald R, Hoff J. Lactate threshold responses to a season of professional British youth soccer. Br J Sports Med 2005; 39: 432-436 





CrossrefPubMedGoogle Scholar





	
[bookmark: R2120-0022]22 Meyer T, Gabriel HHW, Rätz M, Müller HJ, Kindermann W. Anaerobic exercise induces moderate acute phase response. Med Sci Sports Exerc 2001; 33: 549-555 





CrossrefPubMedGoogle Scholar





	
[bookmark: R2120-0023]23 Morkeberg J, Belhage B, Ashenden M, Borno A, Sharpe K, Dziegiel MH, Damsgaard R. Screening for autologous blood transfusions. Int J Sports Med 2009; 30: 285-292 





Article in Thieme ConnectPubMedGoogle Scholar





	
[bookmark: R2120-0024]24 Mougios V. Reference intervals for serum creatine kinase in athletes. Br J Sports Med 2007; 41: 674-678 





CrossrefPubMedGoogle Scholar





	
[bookmark: R2120-0025]25 Newham DJ, Jones DA, Edwards RH. Plasma creatine kinase changes after eccentric and concentric contractions. Muscle Nerve 1986; 9: 59-63 





CrossrefPubMedGoogle Scholar





	
[bookmark: R2120-0026]26 Nicholson GA, Morgan G, Meerkin M, Strauss E, McLeod JG. The creatine kinase reference interval. An assessment of intra- and inter-individual variation. J Neurol Sci 1985; 71: 225-231 





CrossrefPubMedGoogle Scholar





	
[bookmark: R2120-0027]27 Noakes TD. Effect of exercise on serum enzyme activities in humans. Sports Med 1987; 4: 245-267 





CrossrefPubMedGoogle Scholar





	
[bookmark: R2120-0028]28 Parisotto R, Gore CJ, Hahn AG, Ashenden MJ, Olds TS, Martin DT, Pyne DB, Gawthorn K, Brugnara C. Reticulocyte parameters as potential discriminators of recombinant human erythropoietin abuse in elite athletes. Int J Sports Med 2000; 21: 471-479 





Article in Thieme ConnectPubMedGoogle Scholar





	
[bookmark: R2120-0029]29 Scharhag J, George K, Shave R, Urhausen A, Kindermann W. Exercise-associated increases in cardiac biomarkers. Med Sci Sports Exerc 2008; 40: 1408-1415 





CrossrefPubMedGoogle Scholar





	
[bookmark: R2120-0030]30 Schmidt W, Prommer N. Effects of various training modalities on blood volume. Scand J Med Sci Sports 2008; 18 (Suppl. 01) 57-69 





CrossrefPubMedGoogle Scholar





	
[bookmark: R2120-0031]31 Schwartz PL, Carroll HW, Douglas JSJ. Exercise-induced changes in serum enzyme activities and their relationship to max VO2. Int Z Angew Physiol 1971; 30: 20-33 





PubMedGoogle Scholar





	
[bookmark: R2120-0032]32 Sharpe K, Hopkins W, Emslie KR, Howe C, Trout GJ, Kazlauskas R, Ashenden MJ, Gore CJ, Parisotto R, Hahn AG. Development of reference ranges in elite athletes for markers of altered erythropoiesis. Haematologica 2002; 87: 1248-1257 





PubMedGoogle Scholar





	
[bookmark: R2120-0033]33 Sinclair D, Briston P, Young R, Pepin N. Seasonal pseudohyperkalaemia. J Clin Pathol 2003; 56: 385-388 





CrossrefPubMedGoogle Scholar





	
[bookmark: R2120-0034]34 Stolen T, Chamari K, Castagna C, Wisloff U. Physiology of soccer – an update. Sports Med 2005; 35: 501-536 





CrossrefPubMedGoogle Scholar





	
[bookmark: R2120-0035]35 Swanimathan R, Major P, Snieder H, Spector T. Serum creatinine and fat-free mass (lean body mass). Clin Chem 2000; 46: 1695-1696 





PubMedGoogle Scholar





	
[bookmark: R2120-0036]36 Thomas L. Labor und Diagnose (Laboratory and diagnosis). TH Books, Frankfurt 2008; 





PubMedGoogle Scholar





	
[bookmark: R2120-0037]37 Tucker AM, Vogel RA, Lincoln AE, Dunn RE, Ahrensfield DC, Allen TW, Castle LW, Heyer RA, Pellman EJ, Strollo Jr PJ, Wilson PW, Yates AP. Prevalence of cardiovascular disease risk factors among National Football League players. JAMA 2009; 301: 2111-2119 





CrossrefPubMedGoogle Scholar





	
[bookmark: R2120-0038]38 Urhausen A, Kindermann W. Biochemical monitoring of training. Clin J Sport Med 1992; 2: 52-61 





CrossrefPubMedGoogle Scholar





	
[bookmark: R2120-0039]39 Warren GL, Lowe DA, Armstrong RB. Measurement tools used in the study of eccentric contraction-induced injury. Sports Med 1999; 27: 43-59 





CrossrefPubMedGoogle Scholar





	
[bookmark: R2120-0040]40 Wong ET, Cobb C, Umehara MK, Wolff GA, Haywood LJ, Greenberg T, Shaw Jr ST. Heterogeneity of serum creatine kinase activity among racial and gender groups of the population. Am J Clin Pathol 1983; 79: 582-586 





PubMedGoogle Scholar










 









    
  

  
    
      
        


      

    

    
      
        
        


      

    

  


  

  
  
    
      
      
    
    
      
        
        
      

    
  




  
  
    
      
      
    
    
      
        
        
      

    
  



  







    
    


















  






      

      

  
    Top of Page
  

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

      
        Your Current IP Address: 3.85.162.126
      

    

    

  




      


  
    
  
  
  
    
    
      
        
        
        
        
      
      
      
      
    
  
  




    

    






    

    
      
        
      
    

    
    


    
      
      
      
    

  