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Abstract

        
The aim of this study was to evaluate the impact of using a cooling vest during physical exercise (per-cooling) in humid and temperate conditions (≈22°C, ≈80% relative humidity) on perceptual and physiological responses (tissue oxygenation and heart rate). 20 physically active men performed twice a 30-min cycling exercise at 70% of their theoretical maximum heart rate while using an activated (experimental condition) and a deactivated (control condition) cooling system in a randomized crossover study. Heart rate and tissue (cerebral and muscular) oxygenation were continuously measured during exercise and recovery, and skin temperature was measured every 10 min. Perception of temperature, humidity and comfort were assessed at the end of the recovery period. Results showed a decrease in trunk skin temperature (p<0.05), a faster heart rate recovery and an increase in the concentration of total hemoglobin at the brain level (p<0.05) compared with control condition. Moreover, an improved subjective rating of thermal sensations, wetness and comfort compared to control values (p<0.05) was noted. In conclusion, wearing a cooling vest during submaximal exercise improves perceptual and physiological responses in humid temperate conditions, which may be due to a better blood perfusion at the brain level and a better parasympathetic reactivation.

      


        
[bookmark: N10CF1]
Key words

        cooling device - 
        brain perfusion - 
        exercise - 
        thermoregulation - 
        per-cooling
      





[bookmark: info]
Publication History

Received: 11 February 2020


Accepted: 24 June 2020


Article published online:
13 September 2020



© 2020. Thieme. All rights reserved.

Georg Thieme Verlag KG
Rüdigerstraße 14, 70469 Stuttgart, Germany




 

[bookmark: ]

[bookmark: N112A8]
	
References


	
[bookmark: R8082-0001]1 
          
            Cleary MA, 
          
          
            Toy MG, 
          
          
            Lopez RM. 
          
        Thermoregulatory, cardiovascular, and perceptual responses to intermittent cooling during exercise in a hot, humid outdoor environment. J Strength Cond Res 2014; 28: 792-806 





CrossrefPubMedGoogle Scholar





	
[bookmark: R8082-0002]2 
          
            Cheung SS, 
          
          
            Lee JKW, 
          
          
            Oksa J. 
          
        Thermal stress, human performance, and physical employment standards. Appl Physiol Nutr Metab 2016; 41: S148-S164 





CrossrefPubMedGoogle Scholar





	
[bookmark: R8082-0003]3 
          
            Kenefick RW, 
          
          
            Cheuvront SN, 
          
          
            Palombo LJ. 
          
        et al. Skin temperature modifies the impact of hypohydration on aerobic performance. J Appl Physiol (1985) 2010; 109: 79-86 





CrossrefPubMedGoogle Scholar





	
[bookmark: R8082-0004]4 
          
            Che Muhamed AM, 
          
          
            Atkins K, 
          
          
            Stannard SR. 
          
        et al. The effects of a systematic increase in relative humidity on thermoregulatory and circulatory responses during prolonged running exercise in the heat. Temperature 2016; 3: 455-464 





CrossrefPubMedGoogle Scholar





	
[bookmark: R8082-0005]5 
          
            Veltmeijer MT, 
          
          
            Eijsvogels TM, 
          
          
            Thijssen DH. 
          
        et al. Incidence and predictors of exertional hyperthermia after a 15-km road race in cool environmental conditions. J Sci Med Sport 2015; 18: 333-337 





CrossrefPubMedGoogle Scholar





	
[bookmark: R8082-0006]6 
          
            Banzet S, 
          
          
            Koulmann N, 
          
          
            Bourdon L. 
          
        Activité physique et hyperthermie. Médecine et Armées 2012; 40: 207-216 





CrossrefPubMedGoogle Scholar





	
[bookmark: R8082-0007]7 
          
            Périard JD, 
          
          
            Racinais S. 
          
        Heat stress exacerbates the reduction in middle cerebral artery blood velocity during prolonged self-paced exercise. Scand J Med Sci Sports 2015; 25: 135-144 





CrossrefPubMedGoogle Scholar





	
[bookmark: R8082-0008]8 
          
            Trinity JD, 
          
          
            Pahnke MD, 
          
          
            Lee JF. 
          
        et al. Interaction of hyperthermia and heart rate on stroke volume during prolonged exercise. J Appl Physiol (1985) 2010; 109: 745-751 





CrossrefPubMedGoogle Scholar





	
[bookmark: R8082-0009]9 
          
            González-Alonso J, 
          
          
            Dalsgaard MK, 
          
          
            Osada T. 
          
        et al. Brain and central haemodynamics and oxygenation during maximal exercise in humans. J Physiol 2004; 557: 331-342 





CrossrefPubMedGoogle Scholar





	
[bookmark: R8082-0010]10 
          
            Rasmussen P, 
          
          
            Stie H, 
          
          
            Nybo L. 
          
        et al. Heat induced fatigue and changes of the EEG is not related to reduced perfusion of the brain during prolonged exercise in humans. J Therm Biol 2004; 29: 731-737 





CrossrefPubMedGoogle Scholar





	
[bookmark: R8082-0011]11 
          
            Guo T, 
          
          
            Shang B, 
          
          
            Duan B. 
          
        et al. Design and testing of a liquid cooled garment for hot environments. J Therm Biol 2015; 49: 47-54 





CrossrefPubMedGoogle Scholar





	
[bookmark: R8082-0012]12 
          
            Eijsvogels TMH, 
          
          
            Bongers C, 
          
          
            Veltmeijer MTW. 
          
        et al. Cooling during exercise in temperate conditions: Impact on performance and thermoregulation. Int J Sports Med 2014; 35: 840-846 





Article in Thieme ConnectPubMedGoogle Scholar





	
[bookmark: R8082-0013]13 
          
            Reilly T, 
          
          
            Drust B, 
          
          
            Gregson W. 
          
        Thermoregulation in elite athletes. Curr Opin Clin Nutr Metab Care 2006; 9: 666-671 





CrossrefPubMedGoogle Scholar





	
[bookmark: R8082-0014]14 
          
            Johnson JM, 
          
          
            Minson CT, 
          
          
            Kellogg DL. 
          
        Cutaneous vasodilator and vasoconstrictor mechanisms in temperature regulation. Compr Physiol 2014; 4: 33-89 





CrossrefPubMedGoogle Scholar





	
[bookmark: R8082-0015]15 
          
            Luomala MJ, 
          
          
            Oksa J, 
          
          
            Salmi JA. 
          
        et al. Adding a cooling vest during cycling improves performance in warm and humid conditions. J Therm Biol 2012; 37: 47-55 





CrossrefPubMedGoogle Scholar





	
[bookmark: R8082-0016]16 
          
            Al Sayed C, 
          
          
            Vinches L, 
          
          
            Dupuy O. 
          
        et al. Air/CO2 cooling garment: Description and benefits of use for subjects exposed to a hot and humid climate during physical activities. Int J Min Sci Technol 2019; 29: 899-903 





CrossrefPubMedGoogle Scholar





	
[bookmark: R8082-0017]17 
          
            CCWG Bongers, 
          
          
            DHJ Thijssen, 
          
          
            MTW Veltmeijer. 
          
        et al. Precooling and percooling (cooling during exercise) both improve performance in the heat: A meta-analytical review. Br J Sports Med 2015; 49: 377-384 





CrossrefPubMedGoogle Scholar





	
[bookmark: R8082-0018]18 
          
            Tyler CJ, 
          
          
            Sunderland C, 
          
          
            Cheung SS. 
          
        The effect of cooling prior to and during exercise on exercise performance and capacity in the heat: A meta-analysis. Br J Sports Med 2015; 49: 7-13 





CrossrefPubMedGoogle Scholar





	
[bookmark: R8082-0019]19 
          
            Ross M, 
          
          
            Abbiss C, 
          
          
            Laursen P. 
          
        et al. Precooling methods and their effects on athletic performance. Sports Med 2013; 43: 207-225 





CrossrefPubMedGoogle Scholar





	
[bookmark: R8082-0020]20 
          
            Duffield R. 
          
        Cooling interventions for the protection and recovery of exercise performance from exercise-induced heat stress. Med Sport Sci 2008; 53: 89-103 





CrossrefPubMedGoogle Scholar





	
[bookmark: R8082-0021]21 
          
            Douzi W, 
          
          
            Dugué B, 
          
          
            Vinches L. 
          
        et al. Cooling during exercise enhances performances, but the cooled body areas matter: A systematic review with meta-analyses. Scand J Med Sci Sports 2019; 29: 1660-1676 





CrossrefPubMedGoogle Scholar





	
[bookmark: R8082-0022]22 
          
            Douzi W, 
          
          
            Dupuy O, 
          
          
            Theurot D. 
          
        et al. Per-cooling (using cooling systems during physical exercise) enhances physical and cognitive performances in hot environments. A narrative review. Int J Environ Res Public Health 2020; 17: 1031 





CrossrefPubMedGoogle Scholar





	
[bookmark: R8082-0023]23 
          
            Cuttell SA, 
          
          
            Kiri V, 
          
          
            Tyler C. 
          
        A comparison of 2 practical cooling methods on cycling capacity in the heat. J Athl Train 2016; 51: 525-532 





CrossrefPubMedGoogle Scholar





	
[bookmark: R8082-0024]24 
          
            Kenny GP, 
          
          
            Schissler AR, 
          
          
            Stapleton J. 
          
        et al. Ice cooling vest on tolerance for exercise under uncompensable heat stress. J Occup Environ Hyg 2011; 8: 484-491 





CrossrefPubMedGoogle Scholar





	
[bookmark: R8082-0025]25 
          
            Barwood MJ, 
          
          
            Newton PS, 
          
          
            Tipton MJ. 
          
        Ventilated vest and tolerance for intermittent exercise in hot, dry conditions with military clothing. Aviat Space Environ Med 2009; 80: 353-359 





CrossrefPubMedGoogle Scholar





	
[bookmark: R8082-0026]26 
          
            Chinevere TD, 
          
          
            Cadarette BS, 
          
          
            Goodman DA. 
          
        et al. Efficacy of body ventilation system for reducing strain in warm and hot climates. Eur J Appl Physiol 2008; 103: 307-314 





CrossrefPubMedGoogle Scholar





	
[bookmark: R8082-0027]27 
          
            Zhao M, 
          
          
            Gao C, 
          
          
            Wang F. 
          
        et al. A study on local cooling of garments with ventilation fans and openings placed at different torso sites. Int J Ind Ergon 2013; 43: 232-237 





CrossrefPubMedGoogle Scholar





	
[bookmark: R8082-0028]28 
          
            Harriss DJ, 
          
          
            MacSween A, 
          
          
            Atkinson G. 
          
        Ethical standards in sport and exercise science research: 2020 update. Int J Sports Med 2019; 40: 813-817 





Article in Thieme ConnectPubMedGoogle Scholar





	
[bookmark: R8082-0029]29 
          
            Weinert D, 
          
          
            Waterhouse J. 
          
        The circadian rhythm of core temperature: effects of physical activity and aging. Physiol Behav 2007; 90: 246-256 





CrossrefPubMedGoogle Scholar





	
[bookmark: R8082-0030]30 
          
            Villringer A, 
          
          
            Planck J, 
          
          
            Hock C. 
          
        et al. Near infrared spectroscopy (NIRS): A new tool to study hemodynamic changes during activation of brain function in human adults. Neurosci Lett 1993; 154: 101-104 





CrossrefPubMedGoogle Scholar





	
[bookmark: R8082-0031]31 
          
            Miyazawa T, 
          
          
            Horiuchi M, 
          
          
            Komine H. 
          
        et al. Skin blood flow influences cerebral oxygenation measured by near-infrared spectroscopy during dynamic exercise. Eur J Appl Physiol 2013; 113: 2841 





CrossrefPubMedGoogle Scholar





	
[bookmark: R8082-0032]32 
          
            Gagnon DD, 
          
          
            Peltonen JE, 
          
          
            Rintamäki H. 
          
        et al. The effects of skin and core tissue cooling on oxygenation of the vastus lateralis muscle during walking and running. J Sports Sci 2017; 35: 1995-2004 





CrossrefPubMedGoogle Scholar





	
[bookmark: R8082-0033]33 
          
            Morrison SA, 
          
          
            Sleivert GG, 
          
          
            Neary JP. 
          
        et al. Prefrontal cortex oxygenation is preserved and does not contribute to impaired neuromuscular activation during passive hyperthermia. Appl Physiol Nutr Metab 2009; 34: 66-74 





CrossrefPubMedGoogle Scholar





	
[bookmark: R8082-0034]34 
          
            Filingeri D, 
          
          
            Fournet D, 
          
          
            Hodder S. 
          
        et al. Body mapping of cutaneous wetness perception across the human torso during thermo-neutral and warm environmental exposures. J Appl Physiol (1985) 2014; 117: 887-897 





CrossrefPubMedGoogle Scholar





	
[bookmark: R8082-0035]35 
          
            Chan APC, 
          
          
            Yang Y, 
          
          
            Wong DP. 
          
        et al. Factors affecting horticultural and cleaning workers’ preference on cooling vests. Build Environ 2013; 66: 181-189 





CrossrefPubMedGoogle Scholar





	
[bookmark: R8082-0036]36 
          
            Borg G. 
          
        Borg’s Perceived Exertion and Pain Scales. Human Kinetics. 1998 





PubMedGoogle Scholar





	
[bookmark: R8082-0037]37 
          
            Ciuha U, 
          
          
            Grönkvist M, 
          
          
            Mekjavic IB. 
          
        et al. Strategies for increasing evaporative cooling during simulated desert patrol mission. Ergonomics 2016; 59: 298-309 





CrossrefPubMedGoogle Scholar





	
[bookmark: R8082-0038]38 
          
            Buchheit M, 
          
          
            Papelier Y, 
          
          
            Laursen PB. 
          
        et al. Noninvasive assessment of cardiac parasympathetic function: postexercise heart rate recovery or heart rate variability?. Am J Physiol Heart Circ Physiol 2007; 293: H8-H10 





CrossrefPubMedGoogle Scholar





	
[bookmark: R8082-0039]39 
          
            House JR, 
          
          
            Lunt HC, 
          
          
            Taylor R. 
          
        et al. The impact of a phase-change cooling vest on heat strain and the effect of different cooling pack melting temperatures. Eur J Appl Physiol 2013; 113: 1223-1231 





CrossrefPubMedGoogle Scholar





	
[bookmark: R8082-0040]40 
          
            Chan APC, 
          
          
            Yang Y, 
          
          
            Wong FKW. 
          
        et al. Reduction of physiological strain under a hot and humid environment by a hybrid-cooling vest. J Strength Cond Res 2019; 33: 1429-1436 





CrossrefPubMedGoogle Scholar





	
[bookmark: R8082-0041]41 
          
            Hadid A, 
          
          
            Fuks Y, 
          
          
            Erlich T. 
          
        et al. Effect of a personal ambient ventilation  system on physiological strain during heat stress wearing body armour. In: Proceedings of the 13th International Conference on Environmental Ergonomics. University of Wollongong. 2009: 252-254 





Google Scholar





	
[bookmark: R8082-0042]42 
          
            Hadid A, 
          
          
            Fuks Y, 
          
          
            Erlich T. 
          
        et al. Effect of a personal ambient ventilation system on physiological strain during heat stress wearing a ballistic vest. Eur J Appl Physiol 2008; 104: 311-319 





CrossrefPubMedGoogle Scholar





	
[bookmark: R8082-0043]43 
          
            Smolander J, 
          
          
            Kuklane K, 
          
          
            Gavhed D. 
          
        et al. Effectiveness of a light-weight ice-vest for body cooling while wearing fire fighter’s protective clothing in the heat. Int J Occup Saf Ergon 2004; 10: 111-117 





CrossrefPubMedGoogle Scholar





	
[bookmark: R8082-0044]44 
          
            Shvartz E. 
          
        Effect of neck versus chest cooling on responses to work in heat. J Appl Physiol (1985) 1976; 40: 668-672 





CrossrefPubMedGoogle Scholar





	
[bookmark: R8082-0045]45 
          
            Maw GJ, 
          
          
            Boutcher SH, 
          
          
            Taylor NA. 
          
        Ratings of perceived exertion and affect in hot and cool environments. Eur J Appl Physiol 1993; 67: 174-179 





CrossrefPubMedGoogle Scholar





	
[bookmark: R8082-0046]46 
          
            Cheung SS. 
          
        Interconnections between thermal perception and exercise capacity in the heat. Scand J Med Sci Sports 2010; 20: 53-59 





CrossrefPubMedGoogle Scholar





	
[bookmark: R8082-0047]47 
          
            Filingeri D. 
          
        Neurophysiology of skin thermal sensations. Compr Physiol 2016; 6: 1429 





CrossrefPubMedGoogle Scholar





	
[bookmark: R8082-0048]48 
          
            Nishihara N, 
          
          
            Tanabe S, 
          
          
            Hayama H. 
          
        et al. A cooling vest for working comfortably in a moderately hot environment. J Physiol Anthropol Appl Human Sci 2002; 21: 75-82 





CrossrefPubMedGoogle Scholar





	
[bookmark: R8082-0049]49 
          
            Muza SR, 
          
          
            Pimental NA, 
          
          
            Cosimini HM. 
          
        et al. Portable, ambient air microclimate cooling in simulated desert and tropic conditions. Aviat Space Environ Med 1988; 59: 553-558 





PubMedGoogle Scholar





	
[bookmark: R8082-0050]50 
          
            Teunissen LPJ, 
          
          
            Haan de A, 
          
          
            Koning de JJ. 
          
        et al. Effects of wind application on thermal perception and self-paced performance. Eur J Appl Physiol 2013; 113: 1705-1717 





CrossrefPubMedGoogle Scholar





	
[bookmark: R8082-0051]51 
          
            Borg GA. 
          
        Physical Performance and Perceived Exertion. Gleerup Lund. 1962 





PubMedGoogle Scholar





	
[bookmark: R8082-0052]52 
          
            Konishi M, 
          
          
            Tabata H, 
          
          
            Ando K. 
          
        et al. Mild decrease in skin temperature reduces the heart rate during moderate exercise. J Sports Sci 2017; 5: 305-312 





PubMedGoogle Scholar





	
[bookmark: R8082-0053]53 
          
            Gao C, 
          
          
            Kuklane K, 
          
          
            Holmér I. 
          
        Cooling vests with phase change materials: the effects of melting temperature on heat strain alleviation in an extremely hot environment. Eur J Appl Physiol 2011; 111: 1207-1216 





CrossrefPubMedGoogle Scholar





	
[bookmark: R8082-0054]54 
          
            Hasegawa H, 
          
          
            Takatori T, 
          
          
            Komura T. 
          
        et al. Wearing a cooling jacket during exercise reduces thermal strain and improves endurance exercise performance in a warm environment. J Strength Cond Res 2005; 19: 122-128 





PubMedGoogle Scholar





	
[bookmark: R8082-0055]55 
          
            Hausswirth C, 
          
          
            Duffield R, 
          
          
            Pournot H. 
          
        et al. Postexercise cooling interventions and the effects on exercise-induced heat stress in a temperate environment. Appl Physiol Nutr Metab 2012; 37: 965-975 





CrossrefPubMedGoogle Scholar





	
[bookmark: R8082-0056]56 
          
            Wegmann M, 
          
          
            Faude O, 
          
          
            Poppendieck W. 
          
        et al. Pre-cooling and sports performance. Sports Med 2012; 42: 545-564 





CrossrefPubMedGoogle Scholar





	
[bookmark: R8082-0057]57 
          
            Nazeran H. 
          
        Heart rate variability signal parameters quantify skin-cooling effect of energy patches during rest and exercise in young healthy individuals. In: Wilson OC, Tran BQ, Vossoughi J, Eds. Biomedical Engineering Recent Developments. Maryland, USA; Medical and Engineering Publishers, Inc.. 2007 13–19 





PubMedGoogle Scholar





	
[bookmark: R8082-0058]58 
          
            Bogerd N, 
          
          
            Perret C, 
          
          
            Bogerd CP. 
          
        et al. The effect of pre-cooling intensity on cooling efficiency and exercise performance. J Sports Sci 2010; 28: 771-779 





CrossrefPubMedGoogle Scholar





	
[bookmark: R8082-0059]59 
          
            Castellani JW, 
          
          
            Young AJ, 
          
          
            Sawka MN. 
          
        et al. Human thermoregulatory responses during serial cold-water immersions. J Appl Physiol (1985) 1998; 85: 204-209 





CrossrefPubMedGoogle Scholar





	
[bookmark: R8082-0060]60 
          
            Davis SL, 
          
          
            Fadel PJ, 
          
          
            Cui J. 
          
        et al. Skin blood flow influences near-infrared spectroscopy-derived measurements of tissue oxygenation during heat stress. J Appl Physiol (1985) 2006; 100: 221-224 





CrossrefPubMedGoogle Scholar





	
[bookmark: R8082-0061]61 
          
            Ogoh S, 
          
          
            Ainslie PN, 
          
          
            Miyamoto T. 
          
        Onset responses of ventilation and cerebral blood flow to hypercapnia in humans: rest and exercise. J Appl Physiol (1985) 2009; 106: 880-886 





CrossrefPubMedGoogle Scholar





	
[bookmark: R8082-0062]62 
          
            Périard JD, 
          
          
            Thompson MW, 
          
          
            Caillaud C. 
          
        et al. Influence of heat stress and exercise intensity on vastus lateralis muscle and prefrontal cortex oxygenation. Eur J Appl Physiol 2013; 113: 211-222 





CrossrefPubMedGoogle Scholar





	
[bookmark: R8082-0063]63 
          
            Johnson E, 
          
          
            Sporer B, 
          
          
            Sleivert GG. 
          
          et al. 
        The effect of precooling and ambient temperature on 20 km time trial performance in trained cyclists. In Proceedings of the CSEP Annual Scientific Conference 2008; 15-18 





PubMedGoogle Scholar





	
[bookmark: R8082-0064]64 
          
            Gonzales B, 
          
          
            Chopard G, 
          
          
            Charry B. 
          
        et al. Effects of a training program involving body cooling on physical and cognitive capacities and quality of life in multiple sclerosis patients: A pilot study. Eur Neurol 2017; 78: 71-77 





CrossrefPubMedGoogle Scholar










 









    
  

  
    
      
        


      

    

    
      
        
        


      

    

  


  

  
  
    
      
      
    
    
      
        
        
      

    
  




  
  
    
      
      
    
    
      
        
        
      

    
  



  







    
    


















  






      

      

  
    Top of Page
  

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

      
        Your Current IP Address: 34.205.43.164
      

    

    

  




      


  
    
  
  
  
    
    
      
        
        
        
        
      
      
      
      
    
  
  




    

    






    

    
      
        
      
    

    
    


    
      
      
      
    

  