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              COPD is a major cause of ill health and mortality 
worldwide, and the Burden of Obstructive Lung 

Disease (BOLD) study has found a high international 
prevalence of COPD as defi ned by spirometry.  1   Ciga-
rette smoking is the major cause of COPD in indus-
trialized countries, and important studies have been 
reported on the effects of smoking cessation.  2   Smoking 
cessation remains the single most important step in 
the management of cigarette smokers with and with-
out lung disease.  3   

 The landmark British study of Fletcher and Peto  4   
demonstrated that the hallmark of COPD is an accel-
erated rate of annual decline in FEV 1  in susceptible 
smokers. The North American Lung Health Study  5   
showed that slight improvement in FEV 1  can be seen 
in the fi rst year after smoking cessation, with more 
relative benefi t in patients with early COPD followed 
by a slower rate of decline in sustained quitters.  5   Data 
from the Framingham Offspring cohort confi rm that 
smoking cessation has more benefi t in earlier quitters,  6   

  Background:    Smoking cessation is of major importance for all smokers; however, in patients with 
COPD, little information exists on how smoking cessation infl uences lung function and high-
resolution CT (HRCT) scan appearances. 
  Methods:    In this single-center study, we performed screening spirometry in a group of heavy 
smokers aged 40 to 80 years (N  5  358). We then studied the effects of smoking cessation in two 
groups of selected subjects: smokers with COPD (n  5  38) and smokers with normal spirometry 
(n  5  55). In parallel to subjects undergoing smoking cessation, we studied a control group of non-
smokers (n  5  19). 
  Results:    Subjects with COPD who quit smoking had a marked, but transient improvement in 
FEV 1  at 6 weeks (184 mL, n  5  17,  P   ,  .01) that was still present at 12 weeks (81 mL, n  5  17,  P   ,  .05) and 
only partially maintained at 1 year. In contrast, we saw improvement in the transfer factor of lung for 
carbon monoxide at 6 weeks in both subjects with COPD who quit smoking (0.47 mmol/min/kPa, 
n  5  17,  P   ,  .01) and subjects who quit smoking with normal spirometry (0.40 mmol/min/kPa, n  5  35, 
 P   ,  .01). An upper-zone single HRCT image slice reliably identifi ed emphysema at baseline in 
74% of smokers with COPD (28 of 38) and 29% of healthy smokers (16 of 55). Smoking cessation 
had no signifi cant effect on the appearances of emphysema but decreased the presence of micronod-
ules on HRCT imaging. 
  Conclusions:    Cigarette smoking causes extensive lung function and HRCT image abnormalities, 
even in patients with normal spirometry. Smoking cessation has differential effects on lung func-
tion (FEV 1  and gas transfer) and features on HRCT images (emphysema and micronodules). Ces-
sation of smoking in patients with COPD causes a transient improvement in FEV 1  and decreases 
the presence of micronodules, offering an opportunity for concomitant therapy during smoking 
cessation to augment these effects. Smoking cessation at the earliest possible opportunity is vital 
to minimize permanent damage to the lungs.    CHEST 2014; 145(5):1006–1015   

  Abbreviations:  CO  5  carbon monoxide; FER  5  forced expiratory ratio; HRCT  5  high-resolution CT; T lco   5  transfer 
factor of lung for carbon monoxide; T lco c  5  transfer factor of lung for carbon monoxide corrected for hemoglobin 

 Smoking Cessation in COPD Causes 
a Transient Improvement in Spirometry 
and Decreases   Micronodules   on 
High-Resolution CT Imaging   
  Jaideep   Dhariwal ,  MD ;  Rachel C.   Tennant ,  MD ;  David M.   Hansell ,  MD ; 
 John   Westwick ,  PhD ;  Christoph   Walker ,  PhD  †�;  Simon P.   Ward ,  BSc ;  Neil   Pride ,  MD ; 
 Peter J.   Barnes ,  MD ,  FCCP ;  Onn Min   Kon ,  MD, PhD ; and  Trevor T.   Hansel ,  MD, PhD  



journal.publications.chestnet.org CHEST / 145 / 5 / MAY 2014   1007 

Good Clinical Practice guidelines. All subjects were fully advised 
of the need to quit smoking. 

 Study Design 

 Subjects were recruited through smoking cessation clinics, 
newspaper advertising, local primary care physicians, and a tele-
phone helpline. We performed spirometric evaluation of a group 
of heavy cigarette smokers aged 40 to 80 years. Having identifi ed 
those smokers with and without spirometric features of COPD, 
we then charted the progress of those who managed to give up cig-
arettes (smoking cessation phase) ( Fig 1 ).  

 Inclusion Criteria at Screening 

 Subjects were current smokers of at least fi ve cigarettes per 
day, with a  .  10-pack-year history. These individuals had no his-
tory of atopy, asthma, or other respiratory disease. Individuals 
with a malignancy or any potentially confounding systemic dis-
ease were excluded, including those with cardiovascular disease. 
Use of inhaled or oral drugs with any potential antiinfl ammatory 
action was not permitted; hence, nonsteroidal antiinfl ammatory 
drugs and statins were not allowed. 

 Smokers with COPD (GOLD groups II [moderate] and III 
[severe]) were defi ned by spirometry (volumetric spirometer; 
Vitalograph) as having a postbronchodilator FEV 1  of 30% to 80% 
predicted following the inhalation of salbutamol 400  m g through 
a metered dose inhaler.  12   The prebronchodilator forced expira-
tory ratio (FER) was  ,  70%, and bronchodilator reversibility was 
 ,  12% or 200 mL for FEV 1 , FVC, or both. Healthy smokers were 
defi ned by spirometry as having an FEV 1   .  90% predicted and 
FER  .  70%. They were matched with the subjects with COPD 
in terms of age, sex, and smoking history. These smokers did not 
have a productive cough or chronic bronchitis. Never smokers had 
an FEV 1   .  90% predicted, FER  .  70%, and no history of respira-
tory disease or respiratory symptoms. 

 Smoking Cessation Phase:   All smokers were offered a 6-week 
course of either group or one-to-one smoking cessation counseling 
and the option of additional nicotine replacement therapy. Ongoing 
support and advice to aid cessation was offered throughout the 
duration of the study. 

 Defi nition of Quitters:   Subjects completed smoking diaries 
to monitor cigarette consumption. Reported smoking of fewer 
than six cigarettes was allowed over the fi rst 6 weeks, but no ciga-
rettes were permitted after 6 weeks. In addition, quitters had to 
have negative exhaled breath carbon monoxide (CO) readings at 
 ,  6 parts per million (Micro Smokerlyzer; Bedfont Scientifi c Ltd) 
for all clinic and hospital visits. 

 Healthy Continuing Smokers:   A group of healthy smokers 
wished to carry on cigarette smoking. They maintained levels of 
at least 10 cigarettes per day despite advice on the health dan-
gers of cigarettes. 

 Lung Function Tests and HRCT Imaging 

 Details of lung function and HRCT imaging procedures are 
described in e-Appendix 1. 

 Statistical Analysis 

 The effects of smoking cessation were studied in quitters who 
had complete lung function tests and smoking diaries from base-
line (0) to each of the 6-, 12-, and 52-week time points, comprising 
a per-protocol lung function group up to each time point. In addi-
tion, some of these subjects had full lung function and CT scans 

and a more recent study found that smoking cessation 
in patients with COPD results in improved FEV 1  at 
12 weeks, but this is not sustained to 1 year.  7   Finally, 
the Evaluation of COPD Longitudinally to Identify 
Pre dictive Surrogate Endpoints (ECLIPSE) study 
found that the rate of postbronchodilator FEV 1  decline 
among patients with COPD is highly variable.  8,9   

 High-resolution CT (HRCT) imaging is a sensi-
tive and quantitative technique for the detection of 
low-attenuation areas corresponding to parenchymal 
destruction due to emphysema. The ECLIPSE study 
showed that patients with increasing GOLD (Global 
Initiative of Chronic Obstructive Lung Disease) sever-
ity tend to have a greater amount of emphysema.  8   
Emphysematous lesions are well described in symptom-
free smokers with normal lung function  10   and help 
to identify nonobstructed male smokers in whom air-
way obstruction is likely to develop.  11   

 We carried out a single-center, prospective, 1-year 
study of the effects of smoking cessation in a group 
of asymptomatic smokers, selected on the basis of 
moderate to severe COPD on spirometry, and in a 
group with normal spirometry. We then longitudinally 
assessed the effects of smoking cessation by measuring 
spirometric lung volume and gas transfer criteria. These 
lung function parameters were monitored in relation 
to the appearance of emphysema, micronodules, and 
ground-glass   opacifi cation on HRCT scan. 

 Materials and Methods 

 Ethics and Consent 

 This study was given assessment and authorization by the Royal 
Brompton, Harefi eld, and National Heart and Lung Institute 
Research Ethics Committee (Reference 01-222) and was carried 
out exclusively at the Royal Brompton Hospital. This study was 
carried out in accordance with the Declaration of Helsinki and 
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was small (n  5  11, change from baseline to 52 week 
nonsignifi cant at  P   5  .80). At 6 weeks, 12 weeks, and 
1 year, there was no signifi cant difference in FEV 1  from 
baseline within the healthy quitter and never smoker 
groups ( Fig 2 ).  

 Residual Volume:   There was a trend toward a 
decrease in residual volume at all time points in the 
COPD quitter group, but this did not reach signifi cance. 

 Gas Transfer:   Both smokers with COPD and healthy 
smokers showed abnormalities in gas transfer tests at 
baseline ( Table 1 ).  Improvements in the transfer factor 
of lung for carbon monoxide (T lco)  and transfer coef-
fi cient were seen in both groups at 6, 12, and 52 weeks. 
The COPD quitter group showed an increase in T lco  
of 0.47 mmol/min/kPa at 6 weeks (n  5  17,  P   ,  .01) for 
an increase of 5.5% predicted. There was an increase 
of 0.49 mmol/min/kPa at 12 weeks (n  5  17,  P   ,  .01), 
for an increase of 5.6% predicted. At 52 weeks, there 
was a change in T lco  corrected for hemoglobin con-
centration (T lco c) of 0.67 mmol/min/kPa (n  5  11, 
 P   ,  .01), for an increase of 8.2% predicted. The 
healthy quitter group showed an increase in T lco c 
of 0.40 mmol/min/kPa (6.2% predicted) at 6 weeks 
(n  5  35,  P   ,  .01), 0.40 mmol/min/kPa (4.6% predicted) 
at 12 weeks (n  5  33,  P   ,  .01), and 0.40 mmol/min/kPa 
(4.5% predicted) at 1 year (n  5  21,  P   ,  .05). 

 HRCT Scans at Baseline 

 HRCT scans from 112 subjects were analyzed 
( Fig 3 ).  Thirty-one of 38 subjects with COPD (82%) 

to 52 weeks, forming the per-protocol lung function and HRCT 
scan group. The Shapiro-Wilks test demonstrated that  .  90% of 
the lung function parameters and changes were normally distrib-
uted, and changes in lung function were tested using the paired  t  
test. For nonparametric CT scan data, we used the Wilcoxon rank 
sum test to assess differences between groups at baseline. Lon-
gitudinal changes on smoking cessation were calculated using the 
McNemar  x  2  test. 

 Results 

 Subject Disposition 

 A total of 387 volunteers underwent screening spi-
rometry; 358 were smokers, and 29 had never smoked. 
The baseline cohort comprised 112 subjects, of whom 
38 met postbronchodilator spirometric criteria for 
being smokers with COPD, 55 were healthy smokers 
with normal spirometry, and 19 never smoked. The 
number of subjects having quit to 12 and 52 weeks 
is shown in  Figure 1 . 

 Lung Function 

 Longitudinal Spirometry (FEV 1 ):   In subjects with 
complete data to 12 weeks, those with COPD showed 
a signifi cant increase from baseline in FEV 1  of 184 mL 
at 6 weeks (n  5  17,  P   ,  .01), which represented an 
increase in FEV 1  % predicted of 7.2% ( P   ,  .001). At 
12 weeks, the improvement in FEV 1  from baseline in 
the COPD quitter group was 81 mL (n  5  17,  P   ,  .05), 
with an increase in FEV 1  % predicted of 3.3% (n  5  17, 
 P   ,  .05). In the COPD quitter group, there was a small 
fall in FEV 1  from baseline at 12 months, although the 
number of smokers with COPD having quit to 1 year 

  Figure  1. Design of smoking cessation study. Screening spirometry: 387 volunteers (358 smokers and 29 never smokers). Baseline 
(d  2 14 to  2 1): 38 smokers with COPD, 55 healthy smokers, and 19 never smokers. Wk 12 per protocol for lung function: 17 COPD quit-
ters, 33 healthy quitters, 14 healthy continuing smokers, and 19 never smokers. Wk 12 per protocol for high-resolution CT scanning 
and lung function: 15 COPD quitters, 26 healthy quitters, and 12 healthy continuing smokers. Wk 52 per protocol for lung function: 
11 COPD quitters, 21 healthy quitters, 13 healthy smokers, and 19 never smokers. Wk 52 per protocol for high-resolution CT scanning 
and lung function: 10 COPD quitters, 12 healthy quitters, and eight healthy continuing smokers. GOLD  5  Global Initiative for Chronic 
Obstructive Lung Disease  .   
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( P   ,  .0001) and in healthy smokers compared with 
never smokers ( P   ,  .01). 

 Although micronodules were found most often in the 
upper levels of the HCRT image, the extent was under-
estimated if only level 1 was reviewed ( Fig 3B ). Using 
the maximum scores, there was no signifi cant difference 
in the extent of micronodules between subjects with 
COPD and healthy smokers. Nonsmokers, however, 
had signifi cantly fewer micronodules than subjects 

had at least one abnormality (emphysema, micronodules, 
or ground-glass opacification) at baseline imaging 
( Fig 3A ). Thirty-two of 55 healthy smokers (58%) 
but only three of 19 never smokers (16%) had at least 
one baseline HRCT scan abnormality. If emphysema 
was present anywhere on the fi ve HRCT image levels  , 
it was invariably detected in level 1 ( Fig 3B ). There 
was a signifi cantly greater extent of emphysema in sub-
jects with COPD than in either of the other groups 

  Figure  2. Changes in FEV 1 , TLCOc, and RV after smoking cessation in per-protocol subjects. The left 
side shows per-protocol subjects to 12 wk, with the equal numbers of subjects at baseline, 6 wk, and 12 wk 
(COPD quitters, 17; healthy quitters, 33; healthy smokers, 14; never smokers, 19). The right side shows 
per-protocol subjects to 1 y, with equal numbers of subjects at each time point (COPD quitters, 11; 
healthy quitters, 21; healthy smokers, 13; never smokers, 19). Data are presented as means with 95% CIs. 
Signifi cant changes from baseline are shown as * P   ,  .05, ** P   ,  .01, and *** P   ,  .0001. RV  5  residual 
volume; TLCOc  5  transfer factor of lung for carbon monoxide corrected for hemoglobin concentration.   
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spirometry, he or she may still have profound abnor-
malities of lung function and defects on lung HRCT 
scan. Hence, for the individual cigarette smoker, a nor-
mal FEV 1  on spirometry should not provide reassur-
ance because abnormal spirometry identifi es just the 
tip of the iceberg. In almost 30% of smokers with nor-
mal spirometry in this study, some degree of emphy-
sema was found on HRCT scan, indicating that all 
smokers should quit smoking. 

 In this single-center study of a large screened group, 
we selected small groups of highly defi ned subjects. 
These subjects met strict criteria in relation to FEV 1  
and did not have concomitant medications and comor-
bidities. We then studied subjects who had completely 
given up smoking and an ever-decreasing cohort up 
to 12 months. In contrast to large-scale natural history 
studies of COPD, the effects of smoking cessation in 
the present study are so marked that the fi ndings are 
signifi cant in small numbers. A positive feature of smok-
ing cessation studies is that participation can help the 
smoker to quit.  13   Indeed, approximately one-third of 
the subjects in the present study had given up smoking 
to 1 year. 

 The daily smoking of cigarettes for many years con-
tributes to the cause of COPD, and smoking cessation 
provides a clinical research model of the effects of 
abrupt withdrawal of the known noxious respiratory 
stimulus. On smoking cessation in patients with COPD, 
there is an acute and transient improvement in FEV 1  

with COPD ( P   ,  .01) and healthy smokers ( P   ,  .05). 
Consideration of just the upper level of the HCRT 
image is suffi cient to detect emphysema, but for 
detection of micronodules and ground-glass opaci-
fi cation, it is better to study all fi ve levels ( Fig 3B ). 

 Longitudinal Changes in HRCT Appearances 

 The number of subjects included for longitudinal 
analysis of HRCT image appearances are shown in 
 Figure 1  and  Table 2 .  There was no signifi cant change 
in the presence of emphysema on smoking cessation 
in the COPD quitter group, healthy quitter group, 
or in a combined group of COPD and healthy quit-
ters ( Table 2 ). Although a trend toward a decrease in 
the number of micronodules present in both COPD 
quitter and healthy quitter groups was observed, this 
did not reach signifi cance. When looking at the com-
bined group of those who quit smoking, however, there 
was a signifi cant decrease in the presence of micronod-
ules at both 12 weeks (n  5  41,  P   ,  .05) and 52 weeks 
(n  5  22,  P   ,  .05). Ground-glass opacifi cation appear-
ance was generally maintained at 12 and 52 weeks. 

 Discussion 

 This study illustrates that spirometry only detects 
a fraction of patients with cigarette-associated lung dis-
ease. Indeed, if a heavy cigarette smoker has normal 

 Table 1— Baseline Demographics, Spirometry, and Lung Function  

  Characteristic  Smokers With COPD (n  5  38) Healthy Smokers (n  5  55) Never Smokers (n  5  19)  

  Age, y 58.9 (42-80) 54.6 (40-79) 54.1 (40-77) 
 Male (female) sex 19 (19) 26 (29) 9 (10) 
 Smoking history, pack-y 66 (25-150) 53 (10-160) (0-0) 
 Prebronchodilator FEV 1 ,  a   L 1.54 (1.36-1.71) 3.05 (2.85-3.24) 3.11 (2.80-3.43) 
 Prebronchodilator FEV 1 ,  a   % predicted 55.4 (50.6-60.3) 106.0 (102.9-109.0) 113.4 (107.1-119.7) 
 Postbronchodilator FEV 1 ,  a   L 1.62 (1.45-1.79)  b  …  c  …  c   
 Postbronchodilator FEV 1 ,  a   % predicted 58.4 (53.7-63.2)  b  …  c  …  c   
 Postbronchodilator FEV 1  absolute change,  a   mL 71 (32-110)  b  …  c  …  c   
 Postbronchodilator reversibility,  a   % 

{[(post  2  pre)/pre]  3  100}
5.6 (3.3-7.8)  b  …  c  …  c   

 Prebronchodilator FER  a  0.53 (0.50-0.56) 0.77 (0.76-0.79) 0.78 (0.76-0.81) 
 FEV 1 , L 1.59 (1.40-1.77) 3.05 (2.84-3.25) 3.16 (2.85-3.47) 
 FVC, L 3.19 (2.93-3.46) 4.00 (3.74-4.26) 4.03 (3.58-4.48) 
 MEF 25 , L/s 0.23 (0.19-0.27) 0.91 (0.77-1.04) 1.01 (0.86-1.17)  d   
 T lco c, mmol/min/kPa 5.08 (4.56-5.61) 6.96 (6.53-7.40) 7.85 (6.93-8.77) 
 K co c, mmol/min/kPa/L 1.00 (0.91-1.09) 1.31 (1.25-1.37) 1.50 (1.39-1.61) 
 RV, L 3.65 (3.36-3.94) 2.34 (2.21-2.47) 2.27 (2.02-2.52) 
 TLC, L 6.92 (6.49-7.35) 6.34 (6.02-6.66) 6.22 (5.71-6.93) 
 IVC, L 3.30 (3.03-3.56) 4.01 (3.75-4.27) 4.13 (3.66-4.59)  

  Data are presented as mean (minimum-maximum) for age and smoking history and as mean (95% CI) for lung function tests. FER  5  forced 
expiratory ratio; HRCT  5  high-resolution CT; IVC  5  inspiratory vital capacity; K co c  5  corrected transfer coeffi cient; MEF 25   5  forced expiratory 
fl ow at 25% FVC; RV  5  residual volume; TLC  5  total lung capacity; T lco c  5  transfer factor of lung for carbon monoxide corrected for hemoglobin 
concentration. 
  a Spirometry performed on Vitalograph volumetric spirometer on populations with full lung function and HRCT scans at baseline. 
  b n  5  37 for postbronchodilator spirometry. 
  c Bronchodilator not given. 
  d n  5  18.  
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that subjects are smoking because there may also be 
marked effects from smoking fewer cigarettes. In other 
words, the effect of smoking cessation or decreased 
smoking intake on increasing FEV 1  could confound 
clinical studies. The transient improvement in FEV 1  
after smoking cessation is analogous to the initial 
increases in FEV 1  seen in clinical studies in patients 
with COPD treated with an inhaled corticosteroid  14   and 
another phosphodiesterase 4 inhibitor (rofl umilast).  15   

 The marked and transient effects of smoking cessa-
tion on FEV 1  in patients with COPD has important 
implications for therapy because they demonstrate 

6 weeks after smoking cessation, with some of this 
benefi t being lost by 12 weeks, and FEV 1  returning to 
near baseline by 1 year. This response was described 
at 12 weeks in a smoking cessation study in patients 
with COPD, and the authors found that the benefi t 
diminished to nonsignifi cant by 1 year.  7   However, we 
found that the improvement in FEV 1  at 6 weeks is 
greater than that of 12 weeks and of a magnitude 
equivalent to a bronchodilator response of 13%. 

 For the design of clinical therapeutic trials in COPD, 
the effect of smoking cessation on FEV 1  suggests the 
importance of monitoring the number of cigarettes 

  Figure  3. HRCT scan abnormalities at baseline. A, Venn diagram of E, M, and GG opacifi cation (based 
on consideration of all fi ve HRCT scan levels and identifi cation of an abnormality in any scan level). 
B, Consideration of one, two, or fi ve levels. HRCT  5  high-resolution CT.   

http://journal.publications.chestnet.org
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malities were associated with a lesser amount of 
emphy sema.  24   Another study found that centrilobu-
lar nodules and ground-glass opacifi cation detected 
on HRCT scan can be improved by smoking ces-
sation.  25   However, the present study demonstrates 
that smok ing cessation causes a decrease in the num-
ber of micronodules, with no signifi cant changes in 
ground-glass opacifi cation. Hence, the association of 
micronodules, ground-glass opacifi cation, and emphy-
sema remains controversial. 

 We performed a careful visual analysis of HRCT 
scans by trained operators working with agreed defi -
nitions and did not use densitometry. Another study 
used low-dose CT scanning to detect lung density in 
cigarette smokers in conjunction with densitometry 
and found that smokers can have a higher lung density 
due to contamination of the lung with tar and infl am-
mation, which decreases on smoking cessation.  26   How-
ever, a study looking at sputum and bronchial biopsy 
specimens taken 12 months after smoking cessation in 
patients with COPD showed that infl ammation may 
persist and even increase.  27   

 A limitation of the present study is the small sample 
size in relation to studies on the natural history of lung 
function in COPD.  4   However, from a large screened 
population, we performed serial observation of four 
groups of highly defi ned subjects, using full lung func-
tion analysis in a single specialized laboratory and a 
strict per-protocol approach in individual subjects to 
assess longitudinal changes in lung function. Another 
limitation is that the CT scans were assessed by trained 
observers, but we did not use density masks or other 
quantitative image assessment procedures. 

 The public health message is that heavy cigarette 
smoking causes widespread damage throughout the 
bronchial tree of many asymptomatic cigarette smokers, 
despite normal spirometry. Lung physiology defects 
can be identifi ed by spirometric assessment of FEV 1  
in conjunction with measurement of gas transfer after 
cessation, and these two functions are improved with 
different kinetics. In particular, the mechanism of the 
transient improvement in FEV 1  could provide the 
basis for rational therapy, and therapy could be used 
concomitantly with smoking cessation to consolidate 
these effects. Furthermore, a single-slice upper-lobe 
HRCT scan will reliably identify the low-attenuation 
areas of centrilobular emphysema. The assessment of 
patients before and after smoking cessation forms a 
useful clinical research model that identifi es diverse 
early COPD phenotypes as well as provides clinical 
benefi t for participants. 

 Conclusions 

  • Spirometry only detects a fraction of patients with 
cigarette-associated lung disease. 

some element of reversibility in the complex range 
of lung pathology caused by smoking. There is poten-
tial for therapies to be given at the time of smoking 
cessation to conserve or even augment these effects. It 
would be of interest to study the mechanism of this 
FEV 1  improvement  7   in an effort to design drug therapy 
that uses this mechanism  . Of note, transient improve-
ments in acinar small airway function studied with the 
multiple breath washout technique have been reported 
after smoking cessation in smokers without airway 
obstruction.  16   In the present study, we noted extensive 
small airways disease   in the cigarette smokers, but 
measurement of maximal expiratory fl ow is too vari-
able to be useful on an individual patient basis. Gas 
transfer of CO was decreased at baseline in healthy 
smokers with normal spirometry mainly as a result 
of increased CO in the circulation from cigarette smok-
ing. However, complete restoration of gas transfer func-
tion at 1 year after smoking cessation was not observed, 
suggesting some residual defect in the lung intersti-
tium despite a normal FEV 1 . Other studies have noted 
diffusion defects in healthy current smokers  17   and 
found that smoking cessation caused restoration within 
1 month.  18   Furthermore, a longitudinal investigation 
over 10 years found that if healthy smokers stop smok-
ing, T lco  returns to normal  19  ; however, the revers-
ibility of effects on gas transfer is likely to depend on 
the prior smoking exposure and the extent of preex-
isting lung damage. 

 The present study confi rms that single-slice HRCT 
scans of the upper lung fi eld are effective at detecting 
centrilobular emphysema in smokers with COPD and 
normal spirometry.  20   Hence, in asymptomatic heavy 
smokers, emphysema can be detected through a mod-
ifi ed HRCT scanning protocol that uses low doses of 
radiation. A disparity between presence of emphysema 
and spirometry has previously been found,  21   and there 
are greater rates of lung function decline in smokers 
with severe emphysema as detected on CT scan.  11     
In the current study, no improvement was found, as 
expected, in the presence of emphysema on HRCT 
scan 12 months after smoking cessation. 

 Parenchymal micronodules and ground-glass opacifi -
cation were found in smokers with and without spiro-
metric abnormalities and occasionally in never smokers. 
Parenchymal micronodules are a feature of respiratory 
bronchiolitis-interstitial lung disease that may evolve 
to become areas of emphysema.  22   An analysis of mul ti-
detector CT and microCT scans in patients with var-
ious stages of COPD demonstrated that narrowing 
and loss of terminal bronchioles occurs prior to the 
development of both centrilobular and panlobular 
emphy sema.  23   However, a study reviewing HRCT 
scans from  .  2,000 cigarette smokers found that 
approximately one in 12 had respiratory bronchiolitis-
interstitial lung disease abnormalities, but these abnor-
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legacy of research in respiratory disorders. The authors thank 
Ann Want, BSc, for data management and Jackie Turner, MSc, for 
statistical analysis  . 
  Additional information:  The e-Appendix can be found in the 
“Supplemental Materials” area of the online article. 
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  • Cigarette smokers with normal spirometry have 
abnormalities on lung HRCT scan in almost 30% 
of cases. 

  • Patients with COPD who quit smoking have a 
transient improvement in FEV 1  at 6 weeks after 
smoking cessation; this improvement is only par-
tially maintained at 1 year. However, all smokers 
who quit have improvements in transfer factor. 

  • Smoking cessation does not improve emphy-
sema but decreases the presence of micronod-
ules detectable on HRCT scan. 

  • Smoking cessation at the earliest opportunity 
remains vital for lung health, and new therapies 
could be used during the cessation process to aug-
ment the benefi cial effects of cessation. 
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