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Abstract


There is limited information on the ingestion of cold drinks after exercise. We investigated the thermoregulatory effects of ingesting drinks at 4°C (COLD) or 28°C (WARM) during work-rest cycles in the heat. On 2 separate occasions, 8 healthy males walked on the treadmill for 2 cycles (45 min work; 15 min rest) at 5.5 km/h with 7.5% gradient. Two aliquots of 400 mL of plain water at either 4°C or 28°C were consumed during each rest period. Rectal temperature (T



re


), skin temperature (T


sk


), heart rate and subjective ratings were measured. Mean decrease in T




re
 at the end of the final work-rest cycle was greater after the ingestion of COLD drinks (0.5±0.2°C) than WARM drinks (0.3±0.2°C; P<0.05). Rate of decrease in T



sk


 was greater after ingestion of COLD drinks during the first rest period (P<0.01). Mean heart rate was lower after ingesting COLD drinks (P<0.05). Ratings of thermal sensation were lower during the second rest phase after ingestion of COLD drinks (P<0.05). The ingestion of COLD drinks after exercise resulted in a lesser than expected reduction of T

re
. Nevertheless, the reduction in T

re
 implies a potential for improved work tolerance during military and occupational settings in the heat.





[bookmark: N10CFB]
Key words

thermoregulation - 
internal cooling - 
military





 

[bookmark: ]

[bookmark: N11218]
	
References


	
[bookmark: R3201-0001]1 
American College of Sports Medicine
. Position stand: heat and cold illnesses during distance running. Med Sci Sports Exerc 1996; 28: i-x 





PubMedGoogle Scholar





	
[bookmark: R3201-0002]2 Armstrong LE, Maresh CM, Gabaree CV, Hoffman JR, Kavouras SA, Kenefick RW, Castellani JW, Ahlquist LE. Thermal and circulatory responses during exercise: effects of hypohydration, dehydration, and water intake. J Appl Physiol 1997; 82: 2028-2035 





PubMedGoogle Scholar





	
[bookmark: R3201-0003]3 Arngrimsson SA, Petitt DS, Stueck MG, Jorgensen DK, Cureton KJ. Cooling vest worn during active warm-up improves 5-km run performance in the heat. J Appl Physiol 2004; 96: 1867-1874 





CrossrefPubMedGoogle Scholar





	
[bookmark: R3201-0004]4 Benzinger TH. Heat regulation: homeostasis of central temperature in man. Physiol Rev 1969; 49: 671-759 





PubMedGoogle Scholar





	
[bookmark: R3201-0005]5 Bogerd N, Perret C, Bogerd CP, Rossi RM, Daanen HA. The effect of precooling intensity on cooling efficiency and exercise performance. J Sports Sci 2010; 28: 771-779 





CrossrefPubMedGoogle Scholar





	
[bookmark: R3201-0006]6 Booth J, Marino F, Ward JJ. Improved running performance in hot humid conditions following whole body precooling. Med Sci Sports Exerc 1997; 29: 943-949 





CrossrefPubMedGoogle Scholar





	
[bookmark: R3201-0007]7 Borg GA. Psychological bases of perceived exertion. Med Sci Sports Exerc 1982; 14: 377-381 





PubMedGoogle Scholar





	
[bookmark: R3201-0008]8 Brearley M. Crushed ice ingestion – a practical strategy for lowering core body temperature. J Mil Veterans Health 2012; 20: 25-30 





PubMedGoogle Scholar





	
[bookmark: R3201-0009]9 Brophy-Williams N, Landers G, Wallman K. Effect of immediate and delayed cold water immersion after a high intensity exercise. J Sci Med Sport 2011; 10: 665-670 





PubMedGoogle Scholar





	
[bookmark: R3201-0010]10 Cotter JD, Sleivert GG, Roberts WS, Febbraio MA. Effect of precooling, with and without thigh cooling, on strain and endurance exercise performance in the heat. Comp Biochem Physiol A Mol Integr Physiol 2001; 128: 667-677 





CrossrefPubMedGoogle Scholar





	
[bookmark: R3201-0011]11 Durnin JV, Womersley J. Body fat assessed from total body density and its estimation from skinfold thickness: measurements on 481 men and women aged from 16 to 72 years. Br J Nutr 1974; 32: 77-97 





CrossrefPubMedGoogle Scholar





	
[bookmark: R3201-0012]12 Gagnon D, Jay O, Reardon FD, Journeay WS, Kenny GP. Hyperthermia modifies the non-thermal contribution to postexercise heat loss responses. Med Sci Sports Exerc 2008; 40: 513-522 





PubMedGoogle Scholar





	
[bookmark: R3201-0013]13 Galloway SD, Maughan RJ. Effects of ambient temperature on the capacity to perform prolonged cycle exercise in man. Med Sci Sports Exerc 1997; 29: 1240-1249 





CrossrefPubMedGoogle Scholar





	
[bookmark: R3201-0014]14 Gonzalez-Alonso J, Teller C, Andersen SL, Jensen FB, Hyldig T, Nielsen B. Influence of body temperature on the development of fatigue during prolonged exercise in the heat. J Appl Physiol 1999; 86: 1032-1039 





PubMedGoogle Scholar





	
[bookmark: R3201-0015]15 Harris DJ, Atkinson G. Ethical standards in sport and exercise science research. Int J Sports Med 2009; 30: 701-702 





Article in Thieme ConnectPubMedGoogle Scholar





	
[bookmark: R3201-0016]16 Hasegawa H, Takatori T, Komura T, Yamasaki M. Combined effects of precooling and water ingestion on thermoregulation and physical capacity during exercise in a hot environment. J Sports Sci 2006; 24: 3-9 





CrossrefPubMedGoogle Scholar





	
[bookmark: R3201-0017]17 Hausswirth C, Duffield R, Pournot H, Bieuzen F, Louis J, Brisswalter J, Castagna O. Post exercise cooling interventions and the effect of on exercise-induced heat stress in a temperate environment. Appl Physiol Nutr Metab 2012; 37: 965-975 





CrossrefPubMedGoogle Scholar





	
[bookmark: R3201-0018]18 Humphreys MA, Hancock M. Do people like to feel ‘neutral’? Exploring the variation of the desired thermal sensation on the ASHRAE scale. Energ Buildings 2007; 39: 867-874 





CrossrefPubMedGoogle Scholar





	
[bookmark: R3201-0019]19 Kaufman FL, Hughson RL, Schaman JP. Effect of exercise on recovery blood pressure in normotensive and hypertensive subjects. Med Sci Sports Exerc 1987; 19: 17-20 





PubMedGoogle Scholar





	
[bookmark: R3201-0020]20 Kay D, Taaffe DR, Marino FE. Whole-body precooling and heat storage during self-paced cycling performance in warm humid conditions. J Sports Sci 1999; 17: 937-944 





CrossrefPubMedGoogle Scholar





	
[bookmark: R3201-0021]21 Kenny GP, Jay O, Zaleski WM, Reardon ML, Sigal RJ, Journeay WS, Reardon FD. Post-exercise hypotension causes a prolonged perturbation in esophageal temperature recovery. Am J Physiol 2006; 291: R580-R588 





PubMedGoogle Scholar





	
[bookmark: R3201-0022]22 Lee DT, Haymes EM. Exercise duration and thermoregulatory responses after whole body precooling. J Appl Physiol 1995; 79: 1971-1976 





PubMedGoogle Scholar





	
[bookmark: R3201-0023]23 Lee JK, Shirreffs SM. The influence of drink temperature on thermoregulatory responses during prolonged exercise in a moderate environment. J Sports Sci 2007; 25: 975-985 





CrossrefPubMedGoogle Scholar





	
[bookmark: R3201-0024]24 Lee JK, Shirreffs SM, Maughan RJ. Cold drink ingestion improves exercise endurance capacity in the heat. Med Sci Sports Exerc 2008; 40: 1637-1644 





CrossrefPubMedGoogle Scholar





	
[bookmark: R3201-0025]25 Lee JK, Maughan RJ, Shirreffs SM. The influence of serial feeding of drinks at different temperatures on thermoregulatory responses during cycling. J Sports Sci 2008; 26: 583-590 





CrossrefPubMedGoogle Scholar





	
[bookmark: R3201-0026]26 Lee JK, Nio QX, Fun CY, Teo YS, Chia EV, Lim CL. Effects of heat acclimatization on work tolerance and thermoregulation in trained tropical natives. J Therm Biol 2012; 37: 366-373 





CrossrefPubMedGoogle Scholar





	
[bookmark: R3201-0027]27 Montain SJ, Coyle EF. Fluid ingestion during exercise increases skin blood flow independent of increases in blood volume. J Appl Physiol 1992; 73: 903-910 





PubMedGoogle Scholar





	
[bookmark: R3201-0028]28 Mundel T, King J, Collacott E, Jones DA. Drink temperature influences fluid intake and endurance capacity in men during exercise in a hot, dry environment. Exp Physiol 2006; 91: 925-933 





CrossrefPubMedGoogle Scholar





	
[bookmark: R3201-0029]29 Nadel ER, Hovarth SM. Peripheral involvement in thermoregulatory response to an imposed heat debt in man. J Appl Physiol 1969; 27: 484-488 





PubMedGoogle Scholar





	
[bookmark: R3201-0030]30 Nielsen B, Hales JR, Strange S, Christensen NJ, Warberg J, Saltin B. Human circulatory and thermoregulatory adaptations with heat acclimation and exercise in a hot, dry environment. J Physiol 1993; 460: 467-485 





CrossrefPubMedGoogle Scholar





	
[bookmark: R3201-0031]31 Parkin JM, Carey MF, Zhao S, Febbraio MA. Effect of ambient temperature on human skeletal muscle metabolism during fatiguing submaximal exercise. J Appl Physiol 1999; 86: 902-908 





PubMedGoogle Scholar





	
[bookmark: R3201-0032]32 Pescatello LS, Fargo AE, Leach CN, Scherzer HH. Short-term effect of dynamic exercise on arterial blood pressure. Circulation 1991; 83: 1557-1561 





CrossrefPubMedGoogle Scholar





	
[bookmark: R3201-0033]33 Ramanathan NL. A new weighting system for mean surface temperature of the human body. J Appl Physiol 1964; 19: 531-533 





PubMedGoogle Scholar





	
[bookmark: R3201-0034]34 Siri WE. The gross composition of the body. Adv Biol Med Phys 1956; 4: 239-280 





PubMedGoogle Scholar





	
[bookmark: R3201-0035]35 Siegel R, Mate J, Brearley MB, Watson G, Nosaka K, Laursen PB. Ice slurry ingestion increases core temperature capacity and running time in the heat. Med Sci Sports Exerc 2010; 42: 717-725 





PubMedGoogle Scholar





	
[bookmark: R3201-0036]36 Siegel R, Mate J, Watson G, Nosaka K, Laursen PB. Pre-cooling with ice slurry ingestion leads to similar run times to exhaustion in the heat as cold water immersion. J Sports Sci 2012; 30: 155-165 





CrossrefPubMedGoogle Scholar





	
[bookmark: R3201-0037]37 Stanley J, Leveritt M, Peake JM. Thermoregulatory responses to ice-slush beverage ingestion and exercise in the heat. Eur J Appl Physiol 2010; 110: 1163-1173 





CrossrefPubMedGoogle Scholar





	
[bookmark: R3201-0038]38 Vaile J, Halson S, Gill N, Dawson B. Effect of hydrotherapy on recovery from fatigue. Int J Sports Med 2008; 29: 539-544 





Article in Thieme ConnectPubMedGoogle Scholar





	
[bookmark: R3201-0039]39 Wilson TE, Cui J, Crandall CG. Effect of whole-body and local heating on cutaneous vasoconstrictor responses in humans. Auton Neurosci 2002; 97: 122-128 





CrossrefPubMedGoogle Scholar





	
[bookmark: R3201-0040]40 Wimer GS, Lamb DR, Sherman WM, Swanson SC. Temperature of ingested water and thermoregulation during moderate-intensity exercise. Can J Appl Physiol 1997; 22: 479-493 





CrossrefPubMedGoogle Scholar





	
[bookmark: R3201-0041]41 Yeo ZW, Fan WP, Nio AQ, Byrne C, Lee JK. Ice Slurry on outdoor running performance in heat. Int J Sports Med 2012; 33: 859-866 





Article in Thieme ConnectPubMedGoogle Scholar










 









    
  

  
    
      
        


      

    

    
      
        
        


      

    

  


  

  
  
    
      
      
    
    
      
        
        
      

    
  




  
  
    
      
      
    
    
      
        
        
      

    
  



  







    
    


















  






      

      

  
    Top of Page
  

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

      
        Your Current IP Address: 3.92.44.249
      

    

    

  




      


  
    
  
  
  
    
    
      
        
        
        
        
      
      
      
      
    
  
  




    

    






    

    
      
        
      
    

    
    


    
      
      
      
    

  