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    Abstract
Background and aims Asthma comorbidity, such as depression and obesity, has been associated with greater healthcare use, decreased quality of life and poor asthma control. Treating this comorbidity has been shown to improve asthma outcomes as well as overall health. Despite this, asthma comorbidity remains relatively under-recognised and understudied—perhaps because most asthma occurs in young people who are believed to be healthy and relatively free of comorbidity. The aim of this study was to quantify empirically the amount of comorbidity associated with asthma.

Methods A population-based cohort study was conducted using the health administrative data of the 12 million residents of Ontario, Canada in 2005. A validated health administrative algorithm was used to identify individuals with asthma.

Results The amount of comorbidity among individuals with asthma, as reflected in rates of hospitalisations, emergency department visits and ambulatory care claims, was found to be substantial and much greater than that observed among individuals without asthma. Together, asthma and asthma comorbidity (the extra comorbidity found in individuals with asthma compared with those without asthma) were associated with 6% of all hospitalisations, 9% of all emergency room visits and 6% of all ambulatory care visits that occurred in Ontario.

Conclusions Asthma comorbidity places a significant burden on individuals and the healthcare system and should be considered in the management of asthma. Further research should focus on which types of asthma comorbidity are responsible for the greatest burden and how such comorbidity should be prevented and managed.
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Introduction
Asthma comorbidity has been associated with increased healthcare use, decreased quality of life and poor asthma control, and evidence suggests that treating it improves asthma outcomes.1–4 Thus, asthma comorbidity prevention and management offers a potentially important approach to improving the overall health of people with asthma and decreasing its burden on the healthcare system.
Despite its potential importance, comorbidity in asthma has been a relatively under-recognised and understudied area, as evident by its comparative lack of attention in the literature and asthma guidelines.5 This is in contrast to other prevalent chronic diseases, such as diabetes and coronary artery disease, where treatment of comorbidities such as renal disease and hypercholesterolaemia is considered very important. This may be because asthma is most prevalent in populations that are assumed to be relatively free of comorbidity such as children and young adults. It may also be because clear pathological links between asthma and potentially associated comorbidity have not been established—like they have been, for example, between diabetes and renal disease. Finally, asthma comorbidity may be under-recognised because its burden on individuals and society has never been well quantified and appreciated.6 Therefore, in order to estimate the amount of asthma comorbidity and its impact on the healthcare system, we conducted a population-based study using health administrative data to measure empirically the amount of comorbidity that occurred in individuals with asthma compared with those without asthma. Thus we were able to estimate the extra comorbidity that accompanied asthma or the amount of ‘asthma comorbidity’ in individuals with asthma. We then used this individual estimate to determine the overall burden of asthma comorbidity on the healthcare system.7

Methods
Study design
A population-based study was conducted using health administrative data.

Setting
Ontario is a province in Canada with a diverse, multicultural population of ∼12 million people. Since universal healthcare insurance is provided to all residents regardless of ability to pay, Ontario health administrative databases contain virtually complete individual-level information on all the health services (including physician visits, emergency department visits and hospitalisations) used by the population. The only exception is the provision of prescription medications, which are only provided to those aged ≥65 years and those who are on welfare.

Data sources
Four Ontario population-based health administrative databases were used to identify individuals with asthma and estimate the amount of comorbidity. The Ontario Health Insurance Plan (OHIP) database contains information on all claims made by Ontario physicians (except for claims from some salaried physicians and for some aboriginal populations, patients in the Armed Forces and patients in penal institutions). The Canadian Institute for Health Information (CIHI) Discharge Abstract Database is a national database that contains discharge information from every acute hospitalisation in Canada since 1991. The CIHI National Ambulatory Care Reporting System (NACRS) contains information on patient visits to emergency departments. Finally, the Ontario Registered Persons Database (RPDB) captures and maintains demographic information, including date of birth and gender, on all individuals living in the province of Ontario regardless of whether or not they had received any medical care. Linkage of the above three databases (which are exclusive of each other) on an individual level with the RPDB (and therefore with each other) was performed through an encrypted version of the unique Ontario health card number given to all Ontario residents. Such linkage allows for access to a complete health service use profile of every resident of Ontario while protecting their confidentiality.

Participants
All Ontario residents in 2005 were included. Those who died or moved out of the province were excluded. Individuals with asthma were identified using the Ontario Asthma Surveillance Information System (OASIS) database which is a validated registry of all Ontario residents identified as having asthma between 1991 and 2005 (the most recent year for which data were available). To generate the database, a previously validated asthma case-definition algorithm based on claims data was used. Details of the validated algorithm have been published elsewhere.8 9 Once entered into the database, patients remained part of the asthma population until they moved out of the province or died. Individuals with asthma were further subdivided into ‘active’ (those who had used health services for asthma in 2005) and ‘less active’ (those who did not use health services for asthma in 2005) groups. Asthma health services claims were identified using the OHIP and International Classification of Disease (ICD) 9th revision code 493 or ICD 10th revision codes J45 and 46. All health services use (ambulatory care, emergency department and hospital) for these individuals in 2005 were used for analysis.

Outcomes
The primary outcome was the amount of comorbidity in individuals with asthma which was compared with the amount of comorbidity in those without asthma. As a direct correlation between amount of comorbidity and health service claims has been previously well validated, the amount of comorbidity was estimated to be the rate of non-asthma health services use per individual per year.10 11 All non-asthma health services use, instead of just claims for comorbidities proven to be associated with asthma, were considered because empiric studies have shown that excess comorbidity associated with asthma can be found in most disease areas.1 12 The rate of extra comorbidity in those with asthma, or ‘asthma comorbidity’, was estimated by subtracting the rate of non-asthma claims in the asthma group from the rate of (‘non-asthma’) claims in the non-asthma group. Thus any comorbid condition could be considered asthma comorbidity as long as it was more commonly found in the asthma group.
The overall burden of asthma comorbidy in Ontario was estimated by determining the proportion of overall healthcare claims associated with it.

Analyses
Normal approximation (z) tests for equivalence were conducted to determine if the study populations were statistically equivalent in terms of demographic characteristics. Socioeconomic status was inferred from neighbourhood income derived from postal codes and census data.13 Rural status (rural vs urban) was determined using postal code and was based on Statistics Canada's definition of rurality.14
Non-asthma ambulatory care, emergency department visit and hospitalisation claim rates were calculated for the active and less active asthma groups, and overall (‘non-asthma’) claim rates were calculated for the non-asthma group for 2005. For ambulatory care claims only one diagnostic code is provided per claim but, since it was possible for multiple claims to occur during one ambulatory care encounter (eg, one claim for a physician visit and another for an immunisation), only one ambulatory care claim per physician per patient per service day was used to avoid overcounting healthcare use. Since the CIHI databases permitted multiple diagnostic codes per hospitalisation, to avoid double counting, if any of the diagnoses were asthma the hospitalisation or emergency department visit was considered to be due to asthma, otherwise it was considered to be due to a non-asthma condition. All rates were calculated per 100 individuals per year, and age and sex standardised to the 2001 Ontario population.15 The 95% CIs were calculated using the γ distribution.16 All analyses were done using SAS 9.1 software.
To estimate the proportion of all healthcare claims in Ontario in 2005 associated with asthma comorbidity, the number of asthma comorbidity claims in 2005 was first calculated by multiplying the asthma comorbidity claim rate (as calculated above) by the number of individuals with asthma and then dividing by 100. This figure was then divided by the total number of healthcare claims made for any cause for any person in the province of Ontario (derived directly from the health administrative data). The total number of claims associated specifically with asthma was determined directly from the health administrative data.

Secondary analysis
In order to determine if asthma comorbidity rates varied in different segments of the population, results were stratified for children (≤15 years) and adults (>15 years), gender, socioeconomic status and rural or urban residence location. All rates were standardised to the 2001 Ontario population.
To explore further what diagnoses asthma comorbidity was comprised of, the approximate proportion of asthma comorbidity claims for respiratory conditions (eg. upper respiratory tract infection, pneumonia, allergic rhinitis) that might precipitate an asthma exacerbation was estimated.
In another secondary analysis, in order to begin to explore what conditions and diseases made up asthma comorbidity, standardised rates of ambulatory care claims in 16 disease areas based on ICD 9th revision chapters were compared between the asthma and non-asthma groups.


Results
Participants
In 2005, there were 1 662 577 individuals (12.8% of the population) who had been diagnosed with asthma and 11 286 149 individuals who had never been diagnosed with asthma in Ontario. Less than 0.3% of the study population died or moved out of the province during the year. Of the individuals with asthma, 436 403 (26.2%) had active asthma and the rest less active asthma. Demographic characteristics of the active asthma, less active asthma and non-asthma populations can been seen in table 1.
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Table 1 Demographic characteristics of the active asthma, less active and non-asthma populations




Amount of comorbidity in individuals with asthma
Individuals with asthma had a higher amount of comorbidity than those without asthma (table 2). Individuals with active asthma had, on average, 1616 (95% CI 1615 to 1618) non-asthma ambulatory claims per 100 individuals per year. This amount was much greater than the 200 (95% CI 199 to 200) asthma claims per 100 individuals per year that they also had. In addition they also had 68.2 (95% CI 68.0 to 68.5) emergency department visits and 25.8 (95% CI 25.6 to 26.0) hospitalisations per 100 individuals for non-asthma conditions. The amount of comorbidity in individuals with less active asthma was less than in those with active asthma but still notably more than in those without asthma (table 2).
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Table 2 Amount of asthma-specific, non-asthma and asthma comorbidity* health services use in individuals with active asthma, less active asthma and without asthma




Additional comorbidity in individuals with asthma
Individuals with asthma had significantly more comorbidity than those without asthma, as seen in table 1. The additional amount of comorbidity, or ‘asthma comorbidity’, in individuals with active asthma accounted for 674, 35.6 and 10.3 ambulatory care claims, emergency department visits and hospitalisations per 100 individuals, respectively (see table 2 and figures 1–3). The asthma comorbidity in individuals with less active asthma was less, accounting for 359, 21.5 and 6.0 ambulatory care claims, emergency department visits and hospitalisations per 100 individuals, respectively (see table 2 and figures 1–3).
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Figure 1 Asthma comorbidity ambulatory care claim rates in individuals with active asthma and less active asthma, overall and stratified by age, socioeconomic status and rural or urban residence location.
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Figure 2 Asthma comorbidity emergency department visit rates in individuals with active asthma and less active asthma, overall and stratified by age, socioeconomic status and rural or urban residence location.
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Figure 3 Asthma comorbidity hospitalisation rates in individuals with active asthma and less active asthma, overall and stratified by age, socioeconomic status and rural or urban residence location.




Proportion of healthcare claims associated with asthma comorbidity
When all the healthcare claims in Ontario in 2005 for any cause and for any person were considered (a total of 131.3 million ambulatory care claims, 4.7 million emergency department visits and 2.2 million hospitalisations), an estimated 5.6% of all ambulatory claims, 7.7% of all emergency department visits and 5.5% of all hospitalisations were found to be associated with asthma comorbidity. When asthma comorbidity claims were added to asthma-specific claims, it accounted for 6.3% of all ambulatory claims, 9.2% of all emergency department visits and 6.3% of all hospitalisations in Ontario.

Secondary analysis
The rate of asthma comorbidity appeared to be substantial regardless of age, gender, socioeconomic status or living in a rural or urban area (figures 1–3).
When claims for asthma comorbidity were examined more closely, it was found that about half were for respiratory conditions (eg, upper respiratory tract infection, pneumonia, allergic rhinitis) that might precipitate an asthma exacerbation.
When standardised ambulatory care claim rates in 16 disease areas based on ICD 10th revision chapters were compared between the asthma and non-asthma groups, much greater comorbidity was found in the asthma group (table 3). The greatest absolute differences in rates were observed for respiratory disease other than asthma, psychiatric disease and musculoskeletal disease.
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Table 3 Age- and sex-standardised ambulatory care claim rates in 16 major disease areas in asthma and non-asthma groups





Discussion
We conducted a population-based study using health administrative data that demonstrated that the amount of comorbidity among individuals with asthma, as reflected in rates of hospitalisations, emergency department visits and ambulatory care claims, was substantial and much greater than (in some cases more than double) the amount among individuals without asthma. Together, asthma and asthma comorbidity (the extra comorbidity found in individuals with asthma) were found to be associated with 6% of the 2.2 million hospitalisations, 9% of the 4.7 million emergency room visits and 6% of the 131.3 million ambulatory care visits in Ontario in 2005. To the best of our knowledge, this is the first large-scale study to measure the burden of asthma and asthma comorbidity and reveal its full impact on individuals and society.17–19
Our findings suggest that, despite asthma being a disease of younger and healthier populations and despite it having few proven causal links with other diseases, asthma comorbidity is common and has a significant impact on individuals and healthcare systems. Our findings can help clinicians appreciate the likelihood that their own patients with asthma suffer from asthma comorbidity and, through its recognition and management, provide them with means to improve their care. On a population level our findings offer an alternative, and probably more accurate, estimate of the burden of asthma on the healthcare system that may be used to conduct effective healthcare planning. Finally, our findings emphasise the importance of asthma comorbidity and the need for more investigation into its pathophysiology and management.
We are not aware of any previous studies that have empirically estimated the amount of comorbidity associated with asthma. There have, however, been studies that have compared certain types of comorbidity in individuals with and without asthma and reported results consistent with our findings. Soriano et al found significantly higher rates of comorbidity in most major organ systems—including respiratory, cardiac, injuries and poisonings, and neurological—in individuals with asthma compared with those without asthma.1 Adams et al found that individuals with asthma were almost twice as likely to report having diabetes, arthritis, heart disease, stroke, cancer and osteoporosis.20 Other studies have demonstrated an association between many different types of comorbidity, such as back problems, obesity and psychosocial stress, and asthma.21–23 Our study builds on these previous findings by empirically quantifying the overall amount of different types of asthma comorbidity combined.
Comorbidity may occur in patients with asthma for several reasons and since our study was descriptive causality could not be determined. First, asthma itself may cause or contribute to comorbidity. For example, asthma control is often suboptimal and the consequent physical activity limitations and disturbed sleep could contribute to depression, osteoporosis and obesity.24 Secondly, treatments for asthma may also cause or contribute to comorbidity. Oral corticosteroids are well known to produce significant adverse effects, but even inhaled corticosteroids may predispose to osteoporosis, increased fracture risk and pneumonia.25–27 Thirdly, some comorbidity such as allergic rhinitis and atopic dermatitis may be linked to asthma via common genetic and environmental factors as part of a larger diathesis. Fourthly, some comorbidities may increase the risk or severity of asthma. This has been well documented for allergic rhinitis and, more controversially, may also be true for gastro-oesophageal reflux and obesity.23 28 29 Fifthly, some comorbidity may represent diagnostic confusion or lack of precision. Codings for ‘bronchitis’ or ‘chronic obstructive pulmonary disease’ in claims data may fall into this category. Future studies exploring the reason for increased comorbidity in individuals with asthma would be important to learn how best to prevent and manage it.
The strengths of this study were its population base, wide generalisability and comparison of individuals with asthma with a non-asthma reference group. Its main limitation was its use of health services as a surrogate marker for comorbidity. While this is a valid association supported by the literature, there are other reasons why individuals with asthma may use health services.10 11 First, use of health services relies on access, and individuals with asthma may have established some form of access for their treatment and therefore may be more likely to use healthcare services than individuals without asthma. In Canada, universal healthcare paid for by the government ensures that lack of money is not a barrier to access; however, other barriers such as lack of time and education may still exist. Secondly, using healthcare may be a learned behaviour, and individuals who have consistent contact with their physician because of their asthma may have learned to use, and perhaps overuse, healthcare resources, while those who have not might be more likely to self-treat. Nonetheless, it seems implausible that the substantial burden of asthma comorbidity seen in the current study would be explained solely by these factors. Future studies investigating the reasons for increased health services use in individuals with asthma would help determine if they are contributors. Finally, even though our health administrative case definition has been validated, some individuals with asthma may have been misclassified as non-asthma, and vice versa. However, any such misclassification would have caused the asthma group and the non-asthma group to be more similar than they actually were. Since our measures of asthma comorbidity were based on the differences between these groups, mixing of these groups would mean our results were an underestimate of the true asthma comorbidity. Likewise, any misclassification between the ‘active’ and ‘less active’ asthma groups would have also led to an underestimate of the true differences between them.
In conclusion, asthma comorbidity appears to be common and have significant impact on individuals with asthma and on the healthcare system. Future study should confirm these findings in clinical populations, determine which conditions are responsible for the greatest burden and explore how prevention and optimisation of asthma comorbidity could decrease the overall burden of disease in the population.

Acknowledgments
The authors gratefully acknowledge Drs Kenneth Chapman MD, University Health Network, Toronto, Ontario, Canada and Matthew Stanbrook MD, University Health Network, Toronto, Ontario, Canada for their helpful comments and suggestions in the drafting of the manuscript.

References
	↵	Soriano  JB, 
	Visick  GT, 
	Muellerova  H, 
	et al

. Patterns of comorbidities in newly diagnosed COPD and asthma in primary care. Chest 2005;128:2099–107.
OpenUrlCrossRefPubMedWeb of Science


	↵	Wijnhoven  HA, 
	Kriegsman  DM, 
	Hesselink  AE, 
	et al

. The influence of co-morbidity on health-related quality of life in asthma and COPD patients. Respir Med 2003;97:468–75.
OpenUrlCrossRefPubMedWeb of Science


	↵	Lehrer  PM, 
	Karavidas  MK, 
	Lu  SE, 
	et al

. Psychological treatment of comorbid asthma and panic disorder: a pilot study. J Anxiety Disord 2008;22:671–83.
OpenUrlCrossRefPubMedWeb of Science


	↵	Deshmukh  VM, 
	Toelle  BG, 
	Usherwood  T, 
	et al

. The association of comorbid anxiety and depression with asthma-related quality of life and symptom perception in adults. Respirology 2008;13:695–702.
OpenUrlCrossRefPubMed


	↵	Reddel  HK, 
	Taylor  DR, 
	Bateman  ED, 
	et al

. An official American Thoracic Society/European Respiratory Society statement: asthma control and exacerbations: standardizing endpoints for clinical asthma trials and clinical practice. Am J Respir Crit Care Med 2009;180:59–99.
OpenUrlCrossRefPubMedWeb of Science


	↵	Masoli  M, 
	Fabian  D, 
	Holt  S, 
	et al

. The global burden of asthma: executive summary of the GINA Dissemination Committee report. Allergy 2004;59:469–78.
OpenUrlCrossRefPubMedWeb of Science


	↵	Gershon  AS, 
	Wang  C, 
	Vasilevska-Ristovska  J, 
	et al

. Estimating the burden of comorbidity on individuals with asthma. Am J Respir Crit Care Med 2008;177:A91.
OpenUrl


	↵	To  T, 
	Dell  S, 
	Dick  PT, 
	et al

. Case verification of children with asthma in Ontario. Pediatr Allergy Immunol 2006;17:69–76.
OpenUrlCrossRefPubMedWeb of Science


	↵	Gershon  AS, 
	Wang  C, 
	Vasilevska-Ristovska  J, 
	et al

. Identifying patients with physician diagnosed asthma in health administrative databases. Can Respir J 2009;16:183–8.
OpenUrlPubMedWeb of Science


	↵	Starfield  B, 
	Lemke  KW, 
	Bernhardt  T, 
	et al

. Comorbidity: implications for the importance of primary care in 'case' management. Ann Fam Med 2003;1:8–14.
OpenUrlAbstract/FREE Full Text


	↵	Starfield  B, 
	Lemke  KW, 
	Herbert  R, 
	et al

. Comorbidity and the use of primary care and specialist care in the elderly. Ann Fam Med 2005;3:215–22.
OpenUrlAbstract/FREE Full Text


	↵	Ben Noun  L

. Characteristics of comorbidity in adult asthma. Public Health Rev 2001;29:49–61.
OpenUrlPubMed


	↵	Wilkins  R

. PCCF+ Version 4D User's Guide (Geocodes/PCCF). Automated Geographic Coding Based on the Statistics Canada Postal Code Conversion Files, Including Postal Codes to December 2003. Ottawa: Statistics Canada, 2004.



	↵Statistics Canada. Postal Code Conversion File, 2009. Ottawa, Canada: Minister of Industry.



	↵	Anderson  RN, 
	Rosenberg  HM

. Age standardization of death rates: implementation of the year 2000 standard. Natl Vital Stat Rep 1998;47:1–16, 20.
OpenUrlPubMed


	↵	Fay  MP, 
	Feuer  EJ

. Confidence intervals for directly standardized rates: a method based on the gamma distribution. Stat Med 1997;16:791–801.
OpenUrlCrossRefPubMedWeb of Science


	↵	Braman  SS

. The global burden of asthma. Chest 2006;130:4S–12S.
OpenUrlCrossRefPubMedWeb of Science


	↵	Accordini  S, 
	Corsico  A, 
	Cerveri  I, 
	et al

. The socio-economic burden of asthma is substantial in Europe. Allergy 2008;63:116–24.
OpenUrlPubMed


	↵Canadian Institute for Health Information, Canadian Lung Association, Health Canada, and Statistics Canada. Respiratory disease in Canada. Ottawa: Health Canada, 2001.



	↵	Adams  RJ, 
	Wilson  DH, 
	Taylor  AW, 
	et al

. Coexistent chronic conditions and asthma quality of life: a population-based study. Chest 2006;129:285–91.
OpenUrlCrossRefPubMed


	↵	Ikaheimo  P, 
	Hartikainen  S, 
	Tuuponen  T, 
	et al

. Comorbidity and medication load in adult asthmatics. Scand J Prim Health Care 2005;23:88–94.
OpenUrlCrossRefPubMed


	↵	Chun  TH, 
	Weitzen  SH, 
	Fritz  GK

. The asthma/mental health nexus in a population-based sample of the United States. Chest 2008;134:1176–82.
OpenUrlCrossRefPubMedWeb of Science


	↵	Flaherman  V, 
	Rutherford  GW

. A meta-analysis of the effect of high weight on asthma. Arch Dis Child 2006;91:334–9.
OpenUrlAbstract/FREE Full Text


	↵	Chapman  KR, 
	Boulet  LP, 
	Rea  RM, 
	et al

. Suboptimal asthma control: prevalence, detection and consequences in general practice. Eur Respir J 2008;31:320–5.
OpenUrlAbstract/FREE Full Text


	↵	Hanania  NA, 
	Chapman  KR, 
	Sturtridge  WC, 
	et al

. Dose-related decrease in bone density among asthmatic patients treated with inhaled corticosteroids. J Allergy Clin Immunol 1995;96:571–9.
OpenUrlCrossRefPubMedWeb of Science


	↵	Calverley  PM, 
	Anderson  JA, 
	Celli  B, 
	et al

. Salmeterol and fluticasone propionate and survival in chronic obstructive pulmonary disease. N Engl J Med 2007;356:775–89.
OpenUrlCrossRefPubMedWeb of Science


	↵	Hubbard  RB, 
	Smith  CJ, 
	Smeeth  L, 
	et al

. Inhaled corticosteroids and hip fracture: a population-based case-control study. Am J Respir Crit Care Med 2002;166:1563–6.
OpenUrlCrossRefPubMedWeb of Science


	↵	Watson  WT, 
	Becker  AB, 
	Simons  FE

. Treatment of allergic rhinitis with intranasal corticosteroids in patients with mild asthma: effect on lower airway responsiveness. J Allergy Clin Immunol 1993;91:97–101.
OpenUrlCrossRefPubMedWeb of Science


	↵	Field  SK, 
	Sutherland  LR

. Does medical antireflux therapy improve asthma in asthmatics with gastroesophageal reflux?: a critical review of the literature. Chest 1998;114:275–83.
OpenUrlCrossRefPubMedWeb of Science







  


  
  



  
      
  
  
    Footnotes
	Funding ASG is supported by a Career Scientist Award from the Ontario Ministry of Health and Long Term Care, and was supported by a Research Fellowship from the Canadian Institutes of Health Research, Institute of Population and Public Health and The Public Health Agency of Canada while working on this study. TT is supported by The Dales Award in Medical Research from the University of Toronto, Toronto, Ontario, Canada. Funding for this project was made available through the Canadian Institutes of Health Research (PHE - 85212); Government of Ontario; and the Public Health Agency of Canada who had no role in study design, collection, analysis, interpretation of data, writing of the report or in the decision to submit the report for publication. This study was also supported by the Institute for Clinical Evaluative Sciences (ICES), which is funded by an annual grant from the Ontario Ministry of Health and Long-Term Care. The opinions, results and conclusions reported in this paper are those of the authors and are independent from the funding sources. No endorsement by ICES or any of the funding sources is intended or should be inferred and none had any role in study design, collection, analysis, interpretation of data, writing of the report, or in the decision to submit the report for publication.

	Competing interests None.

	Ethics approval This study was conducted with the approval of the The Hospital for Sick Children and Sunnybrook Health Sciences Centre, Toronto, Ontario, Canada.

	Provenance and peer review Not commissioned; externally peer reviewed.





  


  
  



  
        Linked Articles

    
  
  
    	AirwavesAirwaves

Wisia Wedzicha


Thorax 2010; 65 i-i   Published Online First:  13 Jul 2010. doi: 10.1136/thx.2010.145102 







  


  
  



  





  


  
  



  
        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?




  


  
  



  



  


  
  



      

    

  
  
   
  
    



  


  
  



      

      
    

    
    
      
        
  
      
  
  
      


  
  



      

    

  
  
   
    
    
    
      
        
  
      
  
  
    
  
      
  
     
          

          

          

          

          




  


  
  



      

    

  
  
   
  


  



  

          

        


        
        
      

    

   

 


    
    
      
          
    

    
  
    
  
    
  
      
  
  
    	[image: British Thoracic Society]

  


  
  



  



  



  

      

    

  
    
    
      
          
    

    
  
    
  	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.

      

    

  
      
    
        
    

    
  
    
  
    
  
      
  
  
    


  



  


  
  



  



  



  

    

  

  
  




