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 Improved Criterion for Assessing   Lung Function 
Reversibility     
  Helen   Ward ,  MBChB ;  Brendan G.   Cooper ,  PhD ; and  Martin R.   Miller ,  MD  

  BACKGROUND:    Consensus on how best to express bronchodilator reversibility (BDR) is lack-
ing. We tested diff erent BDR criteria against the null hypotheses that BDR should show no sex 
or size bias. To determine the best criterion for defi ning BDR, we hypothesized that clinically 
important BDR should be associated with better survival in respiratory patients compared 
with that of patients without BDR. 
  METHODS:    We used the fi rst BDR test of 4,231 patients who had known subsequent survival 
status (50.8% male sex; mean age, 60.9 years; mean survival, 5.2 years [range, 0.1-16.5 years]). 
BDR for FEV 1  was expressed as absolute change, % baseline change, and change as % predicted 
FEV 1 . 
  RESULTS:    Having BDR defi ned from absolute change was biased toward men (male to female 
ratio, 2.70) and toward those with larger baseline FEV 1 . BDR defi ned by % change from base-
line was biased toward those with lower baseline values. BDR defi ned by % predicted had no 
sex or size bias. Multivariate Cox regression found those with FEV 1  BDR  .  8% predicted 
(33% of the subjects) had an optimal survival advantage (hazard ratio, 0.56; 95% CI  , 0.45-0.69) 
compared with those with FEV 1  BDR  �  8% predicted. The survival of those with FEV 1  
BDR  .  8% predicted was not signifi cantly diff erent from that of those with FEV 1  BDR  .  14% 
predicted but was signifi cantly better than that of those with FEV 1  BDR  ,  0. 
  CONCLUSIONS:    We have shown that expressing FEV 1  BDR as % predicted avoids sex and size 
bias. FEV 1  BDR  .  8% predicted showed optimal survival advantage and may be the most appro-
priate criterion to defi ne clinically important reversibility.      CHEST  2015; 148(4): 877 - 886  
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  Reversibility testing of lung function using short-acting 
bronchodilators (BDs) is commonly undertaken in lung 
function laboratories, usually by recording any change 
in the FEV 1 . Th ere are numerous guidelines as to how to 
determine whether the observed change in FEV 1  is clini-
cally important  1-9   (these are shown in  Table 1   ) and “the 
lack of a standardized procedure for assessing broncho-
dilator reversibility has led to signifi cant confusion sur-
rounding this concept.”  10     Th e change may be examined 
as absolute values, as percentage change from baseline, 
as change as a percentage of the subject’s predicted 
value, or as combinations of these. Using change as a 
percentage of start value potentially biases the results to 
be positive in those with the lowest start value. Adding 
an absolute threshold change, based on observations 
about short-term variability in FEV 1 ,  11   was thought to 
overcome some of this criticism. 

 To determine how lung function reversibility test 
results should best be expressed, we tested the 
methods for expressing lung function reversibility 
against the null hypotheses that a suitable method 
should fi nd no systematic diff erence in reversibility 
between the sexes and should not be size biased. A 
clinically important degree of reversibility is likely to 
be associated with the clinical condition of asthma and 
should mean that lung function may be improved by 
relevant drug therapy and that subsequent outcome 
may be improved. Lung conditions that usually do not 
have an important degree of reversibility (eg, COPD, 
pulmonary fi brosis, and bronchiectasis, to name a few) 
should have a worse prognosis than asthma. Th erefore, 
we also tested the null hypothesis that a clinically impor-
tant degree of BD reversibility (BDR) has no survival 
advantage. 

 Materials and Methods 
 All the records of patient visits to our hospital lung function labora-
tory were extracted from the database (N  5  41,411) on January 11, 
2012. Th e database was set up in 1996, and the use of anonymized data 
from it for research purposes was approved by the hospital’s Caldicott 
Guardian, who was the Medical Director overseeing all regulatory 
issues. From these data, results were obtained for the fi rst reversibil-
ity test for white subjects   where salbutamol 4  3  100  m g   was adminis-
tered via a spacer device. Th e data for patients of Asian and Caribbean 
extraction were not included because of the continued debate around 
adjustments for ethnicity regarding lung function. There were valid 
data before and 40 min aft er BD for FEV 1  and FVC for 4,227 separate sub-
jects aged  .  20 years with FEV 1   �  0.2 L and FEV 1 /FVC  �  0.2 (2,147 men 
[50.8%]) whose National Health Service number was available to 
determine their survival up to June 13, 2012. There were data for an 
additional 1,124 subjects referred by family doctors who did not have 
an National Health Service number and so could not be analyzed fur-
ther. Th ese 1,124 included signifi cantly more women (55.5% vs 49.2%, 
 P   ,  .001 [ x  2  test]) than did the study group and they were slightly older 
(mean  �  SD, 62.9  �  14.5 years vs 60.9  �  13.6 years;  P   ,  .001 [Kruskal-
Wallis test]). 

 All tests were conducted according to Association of Respiratory 
Technicians and Physiologists guidelines  12   and the ratio FEV 1 /FVC was 
taken from the best FEV 1  divided by the best FVC (which could be from 
separate blow eff orts). Subjects referred with FEV 1 /FVC greater than 
the lower limit of normal were not routinely tested for BDR. Using the 
Global Lung Initiative (GLI) 2012 equations, baseline values were con-
verted to standardized residuals (SRs), which are the same as  Z  scores.  13   
Th e SR values were termed FEV 1  SR, FVC SR, and FEV 1 /FVC SR and 
were derived from (recorded value  2  predicted value)/RSD  , where 
RSD is the residual SD for the scatter of values in the normal reference 
population.  3   

 Th e diff erence between the largest pre-BD FEV 1  and the largest post-
BD FEV 1  was called  D FEV 1 . Th is was standardized in two ways: (1) as a 
percentage of the pre-BD (ie, start) value and (2) as a percentage of the 
subject’s predicted value. 

 Statistical analysis was undertaken using Stata/SE 11.0 (StataCorp LP). 
Because the distribution of the change in FEV 1  aft er BD was skewed, 
comparisons were made using rank sum tests. Survival analysis was 
undertaken using Cox proportional hazards regression, with survival 
measured from the date of the BD test.    

 Results 
  Table 2    shows the median and interquartile range for 
pre-BD results for the 4,227 subjects, separated by sex 
and by survival status. By June 13, 2012, 444 subjects 
(10.5%) had died, with a signifi cantly higher mortality 
in the men than in the women (11.6% vs 9.3%,  P   ,  .02 
[ x  2  test]). Th e mean survival was 5.2 years (range, 
0.1-16.5 years; median, 4.7 years; interquartile range, 
2.7-7.5 years). For both sexes, those who died had, on 
average, worse lung function than did those alive at the 
end of the study, but the time at risk was no diff erent in 
the women who died and was slightly shorter in the men 
who died. When considering only those who had died, 
the men had a signifi cantly greater pack-year smoking 

exposure than did the women ( P   ,  .05 [rank sum test]), 
but for age, time at risk, and SR values for lung function, 
there were no diff erences between the sexes. In those 
alive at the end of the study, the men had signifi cantly 
higher pack-year smoking exposure, shorter time at 
risk, better FVC SR, and worse FEV 1 /FVC SR than did 
the women ( P   ,  .05 [rank sum test]). 

 On the request forms, the putative diagnosis or reason 
for requesting the test had asthma mentioned in 25% 
and COPD in 30% of subjects. Th ese possible diagnoses 
could not be verified independently. Most of the 
remaining indications were symptoms (28%), and 
5% were preprocedures such as bronchoscopy or general 
surgery. Most subjects were already receiving inhaled 
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