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    Abstract
BACKGROUND The number of peak expiratory flow (PEF) readings required per day to assess diurnal variation accurately is not known; published studies have used between two and seven PEF readings per day. This study compares the diurnal variation calculated using 2–10 PEF readings per day.

METHODS All days with 10 readings were selected from a database of PEF records. For each day, diurnal variations calculated using 2–9 of the readings available were compared with that calculated using the full 10 PEF readings. Diurnal variation calculated using all 10 readings was taken as the true diurnal variation. When less than 10 readings were used the readings were evenly spaced over waking hours. Diurnal variation was calculated as maximum — minimum/predicted.

RESULTS Two hundred and 25 days with 10 readings per day were selected from PEF records provided by 63 individuals. When only two PEF readings per day were used, the limits of agreement suggested a possible underestimate of true diurnal variation, calculated using all 10 readings, of 1.23–15.10%. The possible underestimate fell to 0.27–3.96% when calculated using four evenly spaced readings. Analysis of the timing of the highest PEF reading of the day was undertaken for rest and work days. This showed a mean (SD) timing of 13:56 (4:56 hours) for rest days and 11:47 (5:59 hours) for work days.

CONCLUSIONS Clinically significant underestimates of true diurnal variation may be seen when only small numbers of PEF readings per day are used in its calculation. At and above four readings the results suggest that the underestimate becomes increasingly insignificant in terms of the diagnosis and treatment of asthma. Analysis of the timing of the highest PEF reading of the day showed a wide variation, precluding the ability to capture the true diurnal variation with just two or three carefully timed PEF readings per day. The authors suggests that at least four readings per day should be performed, evenly spaced during waking hours, to obtain an accurate assessment of diurnal variation in PEF.
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The number of PEF readings per day required to assess the degree of circadian (24 hour) variation in PEF accurately is not known. Clinically, diurnal (daytime) variation in PEF is used to assess the degree of airway lability. A review of published work shows a wide range in the number of PEF readings used to assess diurnal variation. Higgins et al,1 assessing the distribution of PEF variability in a population sample, requested two hourly PEF readings and used on average seven readings per day. Leeet al,2 surveying the diurnal variation in PEF among polyvinyl chloride workers, used six readings per day. Hetzel et al,3 looking at diurnal variation in normal and asthmatic subjects, used four readings per day while Revsbech et al,4 studying diurnal variation in PEF among grain elevator workers used three readings per day. Quackenbosset al,5 in a study of the normal range of diurnal variation in PEF, used 2–4 readings per day, having requested four readings per day. Many commercial therapeutic trials use two readings per day.
Few studies have looked at the effect of using different numbers of PEF readings on calculating diurnal variation. D’Alonzoet al
6 compared four evenly spaced PEF readings, or two PEF readings taken on rising and 12 hours later, with 13 two hourly PEF readings taken over a 24 hour period. They found that when only two readings were used variability was grossly underestimated with only 20–45% of actual variability being detected compared with 60–80% when four evenly spaced readings were used, which was thought to be clinically acceptable.
Malo et al
7 addressed this question specifically in relation to the investigation of occupational asthma and found that interpretation of PEF readings taken every two hours had two advantages over less frequent readings: (1) greater agreement among three readers as to the diagnosis and (2) a greater concordance in terms of diagnostic sensitivity and specificity compared with the results of specific bronchial challenge testing.
Thus there is no general consensus as to the number of readings required to assess diurnal variation accurately in either clinical practice or pharmaceutical study. This study was designed to determine the number of PEF readings required per day to assess diurnal variation accurately.
Methods
PEF records were obtained from workers performing two hourly PEF readings for the investigation of possible occupational asthma. PEF readings were requested two hourly between waking and sleeping. The readings were taken prior to regular or as required bronchodilator treatment. All days with 10 self recorded PEF readings were selected from a database of PEF records. Diurnal variation for each day was calculated using between two and 10 of the PEF readings. Diurnal variation calculated using all 10 readings was taken as the true diurnal variation. When fewer than 10 readings were used these were evenly spaced over waking hours (table 1). Diurnal variation was calculated as maximum — minimum/predicted.
View this table:	View inline
	View popup



Table 1 Spacing of peak expiratory flow (PEF) readings when fewer than 10 were used



Diurnal variations calculated using 2–9 of the available readings were compared with that calculated using the full 10 PEF readings for agreement using the statistical method described by Bland and Altman.8 This method can be used to assess agreement between two methods of clinical measurement—in this case diurnal variation calculated using 10 PEF readings per day and that using 2–9 readings per day. It calculates limits of agreement based on the mean difference and the standard deviation of the differences. Log transformation was undertaken prior to analysis due to the relationship between the difference in diurnal variation and the level of diurnal variation—that is, the difference in diurnal variation calculated using the two methods was likely to be greater with higher actual diurnal variation.
Analysis of the timing of the highest PEF reading of the day was undertaken for rest and work days to determine whether two or three carefully timed PEF readings per day could be used to capture the true diurnal variation.

Results
Two hundred and twenty five days with 10 PEF readings were selected from PEF records provided by 63 individuals (73% men) of mean age 41 (range 18–66) years, 83% days at work (5% night shift). Mean underestimates of diurnal variation calculated using less than 10 readings per day and limits of possible underestimates of diurnal variation are shown in table 1 and this information is graphically represented in fig 1.
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Figure 1 Mean underestimate of true diurnal variation and limits of possible underestimates by number of evenly spaced PEF readings used.



When two evenly spaced PEF readings were used to calculate diurnal variation the mean underestimate of true diurnal variation was 2.80 percentage points; the limits of agreement suggest a possible underestimates of 1.23–15.10 percentage points. When four evenly spaced PEF readings were used the mean underestimate of true diurnal variation was 1.30 percentage points with a possible underestimate of 0.27–3.96 percentage points. Mean underestimates and limits of possible underestimation continue to fall above four evenly spaced readings per day, but at a less impressive rate than between two and four readings per day (fig 1).
Analysis of the timing of the highest PEF reading of the day was undertaken for rest and work days and showed a mean (SD) timing of 13:56 (4:56) hours for rest days and 11:47 (5:59) hours for work days. A frequency distribution of the highest daily PEF reading is shown in fig 2.
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Figure 2 Frequency distribution of the timing of the highest daily PEF reading. Work days (unshaded) and rest days (shaded) are shown. The timing of the highest reading is earlier on work days which may be related to the earlier waking time.




Discussion
Although the PEF readings in this study were collected from workers under investigation for occupational asthma, the results should be applicable to a general population attending an asthma clinic. Possible confounding factors such as night work are present in only a small number of PEF records studied and are unlikely to have affected the overall results. All participants were of working age and were working. This may have influenced their ability to perform large numbers of PEF readings per day but their diurnal variation should have been the same as a non-working population, with the exception of workers who have significant allergic reactions to sensitising agents. The excess of male workers should not have influenced the results.
These results suggest that clinically significant underestimates of true diurnal variation may be seen when only small numbers of PEF readings per day are used in its calculation. In keeping with the work of D’Alonzo et al in which four or more readings were used, the underestimate becomes increasingly insignificant.
In the results we have quantified the information lost in the underestimate of diurnal variation as a reduction of percentage points of diurnal variation calculated as maximum — minimum/predicted PEF. This may have served to reduce the apparent loss of variation compared with expressing the actual underestimate of PEF variation in absolute terms expressed as a percentage of the true absolute variation in litres per minute. This may have influenced our choice of the optimum number of PEF readings required to accurately assess PEF.
It is possible theoretically to capture the true diurnal variation with fewer than four readings by carefully choosing the timing of the readings to capture the predicted early morning trough and afternoon peak in PEF. However, as the afternoon peak has been shown to exhibit individual variation,9 and in our study showed a wide variation of timing around the mean peak of 14.00 hours on rest days with an earlier peak at 11.47 hours on working days, it is unlikely to be captured consistently with just two or three PEF readings per day. The earlier timing of the highest PEF reading on days at work may be related to the usual earlier waking time on those days.
It is also theoretically possible to capture most diurnal variation by performing a PEF reading before bronchodilators on waking and one following bronchodilators during the afternoon. However, this is likely to confuse the picture when dealing with allergic asthma or work related asthma, when the afternoon may be the timing of allergic asthmatic reactions.
The number of PEF readings required to capture the true diurnal variation is also likely to be influenced by the degree of diurnal variation exhibited by a patient, the higher the diurnal variation the greater the number of PEF readings required to assess the variation accurately.
In conclusion, the authors suggest that at least four evenly spaced PEF readings per day should be performed to obtain an accurate assessment of diurnal variation in PEF.

References
	↵	Higgins  BG, 
	Britton  JR, 
	Chinn  S, 
	et al.

 (1989) The distribution of peak expiratory flow variability in a population sample. Am Rev Respir Dis 140:1368–1372, .
OpenUrlPubMedWeb of Science


	↵	Lee  HS, 
	Ng  TP, 
	Phoon  WH

 (1991) Diurnal variation in peak expiratory flow among polyvinylchloride workers. Br J Ind Med 48:275–278, .
OpenUrlPubMedWeb of Science


	↵	Hetzel  MR, 
	Clark  TJH

 (1980) Comparison of normal and asthmatic circadian rhythms in peak expiratory flow rate. Thorax 35:732–738, .
OpenUrlAbstract/FREE Full Text


	↵	Revsbech  P, 
	Andersen  G

 (1989) Diurnal variation in peak expiratory flow among grain elevator workers. Br J Ind Med 46:566–569, .
OpenUrlPubMedWeb of Science


	↵	Quackenboss  JJ, 
	Lebowitz  MD, 
	Krzyzanowski  M

 (1991) The normal range of diurnal changes in peak expiratory flow rates. Relationship to symptoms and respiratory disease. Am Rev Respir Dis 143:323–330, .
OpenUrlCrossRefPubMedWeb of Science


	↵	D’Alonzo  GE, 
	Volker  WS, 
	Keller  A

 (1995) Measurements of morning and evening airflow grossly underestimate the circadian variability of FEV1 and peak expiratory flow rate in asthma. Am J Respir Crit Care Med 152:1097–1099, .
OpenUrlPubMed


	↵	Malo  JL, 
	Cote  J, 
	Cartier  A, 
	et al.

 (1993) How many times per day shoulf peak expiratory flow rates be assessed when investigating occupational asthma. Thorax 48:1211–1217, .
OpenUrlAbstract/FREE Full Text


	↵	Bland  JM, 
	Altman  DG

 (1986) Statistical methods for assessing agreement between two methods of clinical measurement. Lancet i:307–310, .



	↵	Randem  B, 
	Smolensky  MH, 
	Hsi  B, 
	et al.

 (1987) Field survey of circadian rhythm in PEF of electronics workers suffering from colophony-induced asthma. Chronobiology Int 4:263–271, .
OpenUrlPubMed







  


  
  



  
      
  
  
    

  


  
  



  





  


  
  



  
        Read the full text or download the PDF:

    
  
  
    
  
    
  
    
    
      
        
  
      
  
  
      


  
  



      

    


    
      
        
  
      
  
  
    Subscribe  


  
  



      

    

    
    
      
        
  
      
  
  
    Log in   


  
  



  
      
  
  
    
  
    
  
      
  
  
    Log in via Institution
Log in via OpenAthens
  


  
  



  
      
  
  
    Log in using your username and password

 For personal accounts OR managers of institutional accounts



  Username *
 



  Password *
 




Forgot your log in details?Register a new account?

Forgot your user name or password?




  


  
  



  



  


  
  



      

    

  
  
   
  
    



  


  
  



      

      
    

    
    
      
        
  
      
  
  
      


  
  



      

    

  
  
   
    
    
    
      
        
  
      
  
  
    
  
      
  
     
          

          

          

          

          




  


  
  



      

    

  
  
   
  


  



  

          

        


        
        
      

    

   

 


    
    
      
          
    

    
  
    
  
    
  
      
  
  
    	

  


  
  



  



  



  

      

    

  
    
    
      
          
    

    
  
    
  	Content	Latest content
	Current issue
	Archive
	Browse by collection
	Visual Abstracts
	Most read articles
	Top cited articles
	Responses


	Journal	About
	Editorial board
	Sign up for email alerts
	Subscribe
	Thank you to our reviewers


	Authors	Instructions for authors
	Submit an article
	Editorial policies
	Open Access at BMJ
	BMJ Author Hub


	Help	Contact us
	Reprints
	Permissions
	Advertising
	Feedback form





  



  

      
            
        
            
    

    
  
    
  
    
  
      
  
  
    	 RSS
	 Twitter
	 Facebook
	 Blog
	 Soundcloud

  


  
  



  



  



  

        
      

          

  
      
    
      
    

    
      
        	Website Terms & Conditions
	Privacy & Cookies
	Contact BMJ


        
        Cookie Settings
        
        Online ISSN: 1468-3296Print ISSN: 0040-6376

        Copyright © 2023 BMJ Publishing Group Ltd & British Thoracic Society. All rights reserved.

      

    

  
      
    
        
    

    
  
    
  
    
  
      
  
  
    


  



  


  
  



  



  



  

    

  

  
  




