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Abstract

        
This study examined the influence of 28 days of dietary carbohydrate (CHO) supplementation on plasma cytokine responses to cycle ergometry. Sixteen highly trained male cyclists and triathletes (age: 30.6±5.6 y; VO2
          max: 64.8±4.7 mL.kg−1.min−1; mean±SD) participated in the study. One group (n=8) consumed a higher-CHO (8.5±1.7 g.kg−1 body mass.day−1) diet for 28 days; a second group (n=8) consumed a moderate-CHO diet (5.3±0.4 g.kg−1.day−1). Total daily energy intakes were similar between the two groups. Cytokine responses to cycle ergometry were assessed prior to and again following the dietary intervention period. The cycle ergometry protocol involved 100 min steady state cycling at 70% VO2max followed by a time trial of ∼30 min. Athletes were provided with 15 mL.kg−1.h−1 of water during each trial. Blood samples were collected pre-, immediately post- and 1 h post-exercise for determination of plasma glucose and pro-inflammatory (IL-6, IL-8) and anti-inflammatory (IL-10, IL-1ra) cytokine concentrations. Cytokine responses to cycle ergometry were not substantially altered following the 28-day higher-CHO diet. In contrast, following the 28-day moderate-CHO diet, there were ∼30–50% reductions (p=0.08–0.11) in anti-inflammatory cytokine responses post-exercise. These findings suggest that increased dietary CHO content alone does not effectively attenuate the pro-inflammatory cytokine response to exercise, however, there may be a small reduction in the anti-inflammatory cytokine response.


      

Key words

inflammation - carbohydrate - diet - exercise






References


	
[bookmark: R1416-1]1 
              Achten J, Halson SL, Moseley L, Rayson MP, Casey A, Jeukendrup AE. 
              Higher dietary carbohydrate content during intensified running training results in better maintenance of performance and mood state. 
              J Appl Physiol. 
              2004; 
              96 
              1331-1340 
            





CrossrefPubMedGoogle Scholar





	
[bookmark: R1416-2]2 
              Batterham AM, Hopkins WG. 
              Making meaningful inferences about magnitudes. 
              Int J Sports Physiol Perform. 
              2006; 
              1 
              50-57 
            





PubMedGoogle Scholar





	
[bookmark: R1416-3]3 
              Bishop NC, Walsh NP, Haines DL, Richards EE, Gleeson M. 
              Pre-exercise carbohydrate status and immune responses to prolonged cycling: II. Effect on plasma cytokine concentration. 
              Int J Sport Nut Ex Metab. 
              2001; 
              11 
              503-512 
            





PubMedGoogle Scholar





	
[bookmark: R1416-4]4 
              Burke LM, Kiens B, Ivy JL. 
              Carbohydrates and fat for training and recovery. 
              J Sports Sci. 
              2004; 
              22 
              15-30 
            





CrossrefPubMedGoogle Scholar





	
[bookmark: R1416-5]5 
              Cox AJ, Pyne DB, Cox GR, Callister R, Gleeson M. 
              Pre-exercise carbohydrate status influences carbohydrate-mediated attenuation of post-exercise cytokine responses. 
              Int J Sports Med. 
              2008; 
              29 
              1003-1009 
            





Article in Thieme ConnectPubMedGoogle Scholar





	
[bookmark: R1416-6]6 
              Cox GR, Clark SA, Cox AJ, Halson SL, Hargreaves M, Hawley JA, Jeacocke N, Snow RJ, Yeo WK, Burke LM. 
              A high daily carbohydrate intake increases exogenous carbohydrate oxidation during sustained endurance exercise. 
              J Appl Physiol. 
              2009; 
              (in review) 
            



Google Scholar





	
[bookmark: R1416-7]7 
              Harriss DJ, Atkinson G. 
              International Journal of Sports Medicine – Ethical Standards in Sport and Exercise Science Research. 
              Int J Sports Med. 
              2009; 
              30 
              701-702 
            



Google Scholar





	
[bookmark: R1416-8]8 
              Henson DA, Nieman DC, Blodgett AD, Butterworth DE, Utter A, Davis JM, Sonnenfeld G, Morton DS, Fagoaga OR, Nehlsen-Cannarella SL. 
              Influence of exercise mode and carbohydrate on the immune response to prolonged exercise. 
              Int J Sport Nutr. 
              1999; 
              9 
              213-228 
            





PubMedGoogle Scholar





	
[bookmark: R1416-9]9 
              Henson DA, Nieman DC, Nehlsen-Cannarella SL, Fagoaga OR, Shannon M, Bolton MR, Davis JM, Gaffney CT, Kelln WJ, Austin MD, Hjertman JM, Schilling BK. 
              Influence of carbohydrate on cytokine and phagocytic responses to 2 h of rowing. 
              Med Sci Sports Exerc. 
              2000; 
              32 
              1384-1389 
            





CrossrefPubMedGoogle Scholar





	
[bookmark: R1416-10]10 
              Henson DA, Nieman DC, Pistilli EE, Schilling B, Colacino AR, Utter AC, Fagoaga OR, Vinci DM, Nehlsen-Cannarella SL. 
              Influence of carbohydrate and age on lymphocyte function following a marathon. 
              Int J Sport Nutr Ex Metab. 
              2004; 
              14 
              302-316 
            





PubMedGoogle Scholar





	
[bookmark: R1416-11]11 
              Jacobs KA, Sherman WM. 
              The efficacy of carbohydrate supplementation and chronic high-carbohydrate diets for improving endurance performance. 
              Int J Sport Nutr. 
              1999; 
              9 
              92-115 
            





PubMedGoogle Scholar





	
[bookmark: R1416-12]12 
              Lambert EV, Goedecke JH, vanZyl C, Murphy K, Hawley JA, Dennis SC, Noakes TD. 
              High-fat diet versus habitual diet prior to carbohydrate loading: Effects on exercise metabolism and cycling performance. 
              Int J Sport Nutr Ex Metab. 
              2001; 
              11 
              209-225 
            





PubMedGoogle Scholar





	
[bookmark: R1416-13]13 
              Lancaster GI, Jentjens RL, Moseley L, Jeukendrup AE, Gleeson M. 
              Effect of pre-exercise carbohydrate ingestion on plasma cytokine, stress hormone, and neutrophil degranulation responses to continuous, high-intensity exercise. 
              Int J Sport Nutr Ex Metab. 
              2003; 
              13 
              436-453 
            





CrossrefPubMedGoogle Scholar





	
[bookmark: R1416-14]14 
              Lim CL, Byrne C, Chew SA, Mackinnon LT. 
              Leukocyte subset responses during exercise under heat stress with carbohydrate or water intake. 
              Aviat Space Environ Med. 
              2005; 
              76 
              726-732 
            





PubMedGoogle Scholar





	
[bookmark: R1416-15]15 
              Nieman DC, Davis JM, Walberg-Rankin J, Shute M, Dumke CL, Utter AC, Vinci DM, Carson JA, Brown A, Lee WJ, McAnulty SR, McAnulty LS. 
              Carbohydrate ingestion influences skeletal muscle cytokine mRNA and plasma cytokine levels after a 3 h run. 
              J Appl Physiol. 
              2003; 
              94 
              1917-1925 
            





CrossrefPubMedGoogle Scholar





	
[bookmark: R1416-16]16 
              Nieman DC, Nehlsen-Cannarella SL, Fagoaga OR, Henson DA, Utter A, Davis MJ, Williams F, Butterworth DE. 
              Influence of mode and carbohydrate on the cytokine response to heavy exertion. 
              Med Sci Sports Exerc. 
              1998; 
              30 
              671-678 
            





CrossrefPubMedGoogle Scholar





	
[bookmark: R1416-17]17 
              Rowlands DS, Hopkins WG. 
              Effects of high-fat and high-carbohydrate diets on metabolism and performance in cycling. 
              Metabolism. 
              2002; 
              51 
              678-690 
            





CrossrefPubMedGoogle Scholar





	
[bookmark: R1416-18]18 
              Shephard RJ. 
              Regression to the mean. A threat to exercise science?. 
              Sports Med. 
              2003; 
              33 
              575-584 
            





CrossrefPubMedGoogle Scholar





	
[bookmark: R1416-19]19 
              Smith LL. 
              Tissue trauma: The underlying cause of overtraining syndrome?. 
              J Strength Cond Res. 
              2004; 
              18 
              185-193 
            





CrossrefPubMedGoogle Scholar





	
[bookmark: R1416-20]20 
              Starkie RL, Arkinstall MJ, Koukoulas I, Hawley JA, Febbraio MA. 
              Carbohydrate ingestion attenuates the increase in plasma Interleukin-6, but not skeletal muscle Interleukin-6 mRNA, during exercise in humans. 
              J Physiol. 
              2001; 
              533 
              585-591 
            





CrossrefPubMedGoogle Scholar





	
[bookmark: R1416-21]21 
              Suzuki K, Nakaji S, Kurakake S, Totsuka M, Sato K, Kuriyama T, Fujimoto H, Shibusawa K, Machida K, Sugawara K. 
              Exhaustive exercise and type-1/type-2 cytokine balance with special focus on Interleukin-12 p40/p70. 
              Exerc Immunol Rev. 
              2003; 
              9 
              48-58 
            





PubMedGoogle Scholar





	
[bookmark: R1416-22]22 
              Timmons BW, Tarnopolsky MA, Bar-or O. 
              Immune responses to strenuous exercise and carbohydrate intake in boys and men. 
              Pediatr Res. 
              2004; 
              56 
              227-234 
            





CrossrefPubMedGoogle Scholar





	
[bookmark: R1416-23]23 
              Tsintzas OK, Williams C, Singh R, Wilson W, Burrin J. 
              Influence of carbohydrate-electrolyte drinks on marathon running performance. 
              Eur J Appl Physiol. 
              1995; 
              70 
              154-160 
            





CrossrefPubMedGoogle Scholar








Correspondence


[bookmark: SIG1]Dr. Amanda Cox



University of Newcastle




School of Biomedical Sciences




University Drive




2308 Newcastle




Australia




Phone: +61/2/49855893




Fax: +61/2/49855895




Email: amanda.cox@newcastle.edu.au
























  >
  
  

    
  

  
    
      
        


      

    

    
      
        
        


      

    

  


  

  
  
    
      
      
    
    
      
        
        
      

    
  




  
  
    
      
      
    
    
      
        
        
      

    
  



  







    
    


















  






      

      

  
    Top of Page
  

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

      
        Your Current IP Address: 54.196.142.0
      

    

    

  




      


  
    
  
  
  
    
    
      
        
        
        
        
      
      
      
      
    
  
  




    

    






    

    
      
        
      
    

    
    


    
      
      
      
    

  