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Abstract


This study assessed the longer-term (12-month) variability in post-exercise heart rate recovery following a submaximal exercise test. Longitudinal data was analysed for 97 healthy middle-aged adults (74 male, 23 female) from 2 occasions, 12 months apart. Participants were retrospectively selected if they had stable physical activity habits, submaximal treadmill fitness and anthropometric measurements between the 2 assessment visits. A submaximal Bruce treadmill test was performed to at least 85% age-predicted maximum heart rate. Absolute heart rate and Δ heart rate recovery (change from peak exercise heart rate) were recorded for 1 and 2 min post-exercise in an immediate supine position. Heart rate recovery at both time-points was shown to be reliable with intra-class correlation coefficient values≥0.714. Absolute heart rate 1-min post-exercise showed the strongest agreement between repeat tests (r=0.867, P<0.001). Lower coefficient of variation (≤ 10.2%) and narrower limits of agreement were found for actual heart rate values rather than Δ heart rate recovery, and for 1-min rather than 2-min post-exercise recovery time points. Log-transformed values generated better variability with acceptable coefficient of variation for all measures (2.2–10%). Overall, 1 min post-exercise heart rate recovery data had least variability over the 12-month period in apparently healthy middle-aged adults.





[bookmark: N10BE4]
Key words

variability - 
intra-class correlation coefficients - 
limits of agreement - 
coefficient of variation





 

[bookmark: ]

[bookmark: N11199]
	
References


	
[bookmark: R3366-0001]1 Al Haddad H, Laursen PB, Chollet D, Ahmaidi S, Buchheit M. Reliability of resting and postexercise heart rate measures. Int J Sports Med 2011; 32: 598-605 





Article in Thieme ConnectPubMedGoogle Scholar





	
[bookmark: R3366-0002]2 Arduini A, Gomez-Cabrera MC, Romagnoli M. Reliability of different models to assess heart rate recovery after submaximal bicycle exercise. J Sci Med Sport 2011; 14: 352-357 





CrossrefPubMedGoogle Scholar





	
[bookmark: R3366-0003]3 Atkinson G, Nevill AM. Statistical methods for assessing measurement error (reliability) in variables relevant to sports medicine. Sports Med 26: 217-238 





PubMedGoogle Scholar





	
[bookmark: R3366-0004]4 Bosquet L, Gamelin FX, Berthoin S. Reliability of postexercise heart rate recovery. Int J Sports Med 2008; 29: 238-243 





Article in Thieme ConnectPubMedGoogle Scholar





	
[bookmark: R3366-0005]5 Bruce RA, Blackmon JR, Jones JW, Strait G. Exercise testing in adult normal subjects and cardiac patients. Pediatrics 1963; 32: 742-756 





PubMedGoogle Scholar





	
[bookmark: R3366-0006]6 Buchheit M, Al Haddad H, Laursen PB, Ahmaidi S. Effect of body posture on postexercise parasympathetic reactivation in men. Exp Physiol 2009; 94: 795-804 





CrossrefPubMedGoogle Scholar





	
[bookmark: R3366-0007]7 Christenfeld N, Glynn LM, Gerin W. On the reliable assessment of cardiovascular recovery: an application of curve-fitting techniques. Psychophysiology 2000; 37: 543-550 





CrossrefPubMedGoogle Scholar





	
[bookmark: R3366-0008]8 Cole CR, Blackstone EH, Pashkow FJ, Snader CE, Lauer MS. Heart rate recovery immediately after exercise as a predictor of mortality. N Engl J Med 1999; 341: 1351-1357 





CrossrefPubMedGoogle Scholar





	
[bookmark: R3366-0009]9 Cole CR, Foody JM, Blackstone EH, Lauer MS. Heart rate recovery after submaximal exercise testing as a predictor of mortality in a cardiovascularly healthy cohort. Ann Intern Med 2000; 132: 552-555 





CrossrefPubMedGoogle Scholar





	
[bookmark: R3366-0010]10 Daanen HA, Lamberts RP, Kallen VL, Jin A, Van Meeteren NL. A systematic review on heart-rate recovery to monitor changes in training status in athletes. Int J Sports Physiol Perform 2012; 7: 251-260 





PubMedGoogle Scholar





	
[bookmark: R3366-0011]11 Desai MY, De la Pena-Almaguer E, Mannting F. Abnormal heart rate recovery after exercise as a reflection of an abnormal chronotropic response. Am J Cardiol 2001; 87: 1164-1169 





CrossrefPubMedGoogle Scholar





	
[bookmark: R3366-0012]12 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: R3366-0013]13 Hautala AJ, Rankinen T, Kiviniemi Mäkikallio TH, Huikuri HV, Bouchard C, Tulppo MP. Heart rate recovery after maximal exercise is associated with acetylcholine receptor M2 (CHRM2) gene polymorphism. Am J Physiol 2006; 291: H459-H466 





PubMedGoogle Scholar





	
[bookmark: R3366-0014]14 Hopkins WG. A New View of Statistics: Typical error of measurement [Internet]. 2011  [cited 2012 Jan 28]. Available from http://www.sportsci.org/resource/stats/index.html 






PubMedGoogle Scholar





	
[bookmark: R3366-0015]15 Imai K, Sato H, Hori M, Kusuoka H, Ozaki H, Yokoyama H, Takeda H, Inoue M, Kamada T. Vagally mediated heart rate recovery after exercise is accelerated in athletes but blunted in patients with chronic heart failure. J Am Coll Cardiol 1994; 24: 1529-1535 





CrossrefPubMedGoogle Scholar





	
[bookmark: R3366-0016]16 Lamberts RP, KAPM Lemmink, Durandt JJ, Lambert MI. Variation in heart rate during submaximal exercise: Implications for monitoring training. J Strength Cond Res 2004; 18: 641-645 





PubMedGoogle Scholar





	
[bookmark: R3366-0017]17 Lamberts RP, Maskell S, Borresen J, Lambert MI. Adapting workload improves the measurement of heart rate recovery. Int J Sports Med 2011; 323: 698-702 





Article in Thieme ConnectPubMedGoogle Scholar





	
[bookmark: R3366-0018]18 Morise AP. Heart rate recovery: predictor of risk today and target of therapy tomorrow. Circulation 2004; 110: 2778-2780 





CrossrefPubMedGoogle Scholar





	
[bookmark: R3366-0019]19 Morshedi-Meibodi A, Marson MG, Levy D, O’Donnell CJ, Vasan RS. Heart rate recovery after treadmill exercise testing and risk of cardiovascular disease events (The Framingham Heart Study). Am J Cardiol 2002; 90: 848-852 





CrossrefPubMedGoogle Scholar





	
[bookmark: R3366-0020]20 Nunan D, Donovan G, Jakovljevic DG, Hodges LD, Sandercock GRH, Brodie DA. Validity and reliability of short-term heart rate variability from the Polar S810. Med Sci Sports Exerc 2009; 41: 243-250 





PubMedGoogle Scholar





	
[bookmark: R3366-0021]21 Yawn BP, Ammar KA, Thomas R, Wollan PC. Test-retest reproducibility of heart rate recovery after treadmill exercise. Ann Fam Med 2003; 1: 236-241 





CrossrefPubMedGoogle Scholar










 









    
  

  
    
      
        


      

    

    
      
        
        


      

    

  


  

  
  
    
      
      
    
    
      
        
        
      

    
  




  
  
    
      
      
    
    
      
        
        
      

    
  



  







    
    


















  






      

      

  
    Top of Page
  

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

      
        Your Current IP Address: 54.196.58.109
      

    

    

  




      


  
    
  
  
  
    
    
      
        
        
        
        
      
      
      
      
    
  
  




    

    






    

    
      
        
      
    

    
    


    
      
      
      
    

  