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ABSTRACT 
 
COPD, usually caused by tobacco smoking, is one of the leading causes of morbidity and 
mortality. Smoking cessation at an early stage of the disease usually stops further progression of 
the disease. Our aim was to determine if diagnosis of airway obstruction (AO) was associated 
with subsequent success in smoking cessation, as advised by a physician.  
 
Methods: 4494 current smokers (57.4% males) with a history of at least 10 pack-years of 
smoking were recruited from 100,000 subjects screened by spirometry for signs of AO. At the 
time of screening, all received simple smoking cessation advice. 1,177 (26.2%) subjects had AO 
and were told that they had COPD and that smoking cessation would halt rapid progression of 
their lung disease. No pharmacological treatment was proposed. After one year, all subjects were 
invited for a follow-up visit. Smoking status was assessed by history and validated by exhaled 
carbon monoxide level. 
 
Results: Nearly 70% attended a follow-up visit (n=3,077): 61% were men, mean age was 52±10 
years, mean tobacco exposure was 30±17 pack-years, and 33.3% had AO during the baseline 
exam.  The validated quit rate in those with AO was 16.3%, compared to 12.0% in those with 
normal spirometry (p=0.0003). After correction for age, gender, nicotine dependence, number of 
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cigarettes smoked daily and lung function success in quitting smoking was predicted by lower 
lung function, lower nicotine dependence, and lower tobacco exposure. 
Conclusions: Simple smoking cessation advice combined with spirometry test resulted in good 
one-year cessation rates, especially in subjects with AO.   
  
Chronic obstructive pulmonary disease (COPD) in one of the leading causes of morbidity and 
mortality worldwide, and is increasing in prevalence.[1] 
 
In the United States, between 1966 and 1995, age-adjusted death rate for stroke and coronary 
artery disease declined by 58% and 45% respectively,[2] whereas the death rate from COPD 
increased by 71%[1], making COPD the fourth leading cause of death. Direct annual costs for 
COPD in the U.S. were estimated to be over $18 billion[3] and the economic impact of work loss 
for additional $10 billion.[4] The morbidity and mortality from cardiovascular diseases have been 
successfully reduced over the last 40 years due to effective preventive measures.  However, the 
concurrent failure of pharmacological treatment to affect the increasing death rates from COPD 
should prompt us to seek new methods to reverse this trend.[5] 
 
Tobacco smoke is the main cause of COPD, responsible for 85-90% of all cases.[6-7] Smoking 
cessation at an early stage of the disease has been proven to slow down the FEV1 decline to that 
observed in healthy subjects.[8-9] The diagnosis of COPD at an early stage of the disease may be 
done by performing spirometry in smokers using case-finding[10] or population screening[11] 
methods.  
 
We hypothesized that the diagnosis of smoking-related lung disease would increase the efficacy 
of anti-smoking advice in affected subjects. The aim of this study was to compare effects of 
spirometry combined with a simple anti-smoking advice on smoking cessation rates in two 
groups of subjects: those with airway obstruction and those with normal spirometry. 
 
MATERIAL AND METHODS 
 
Investigations were performed as part of the National Program of Early Diagnosis and Prevention 
of COPD in Poland.[11] The National Program was introduced to promote early diagnosis and 
secondary prevention of COPD. Written materials were disseminated for  local TV, radio and 
journals. Special posters and leaflets were displayed in health care facilities. Materials included 
information on causes and symptoms of COPD. In some places it was felt that the term COPD 
was unfamiliar and was replaced by a better known term "emphysema". Information that not all 
smokers are susceptible to COPD and that a spirometry is a simple non-invasive method to detect 
COPD at an early stage of the disease were also included. Smokers aged 40+ years with a history 
of at least 10 pack-years were invited to outpatient chest clinics all over the country for a free 
breathing test.  However, all subjects who visited the clinic for spirometry whether younger than 
40 years of age or non-smokers were also accepted. All investigated subjects were volunteers 
responding to the offer of free spirometry and antismoking counselling. No patients  with chronic 
chest diseases were included into the study. Screening clinics were held on Saturday mornings 
and during the late afternoon on working days, facilitating fully employed subjects to attend the 
test. Outpatient chest clinics are usually located in a town center with an easy access by public 
transportation.  
 
Simple spirometry with measurements of FVC and FEV1 were performed by registered nurses 
additionally trained in spirometry testing at the lung function lab of a chest hospital. Training was 
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completed with an examination and certificate. A minority of the technologists completed a high 
school for medical technicians where spirometry testing is a part of the curriculum. Spirometry 
methods followed American Thoracic Society guidelines.[12]  Predicted spirometric values of 
ECCS/ERS were used.[13] Following the 1995 ERS guidelines,[14] the presence of airway 
obstruction was defined as an FEV1/FVC <88% predicted, and the severity of the impairment was 
classified using the FEV1 percent predicted as follows: >70% mild, 50-69% moderate, <50% 
severe. 
 
The physician in charge of the Program discussed the results of spirometry with each subject, 
relating the results to his/her smoking habit. The subject’s percent predicted FEV1 value was 
superimposed on a simplified Fletcher’s diagram,[15] showing the relationship of the actual 
result with the predicted value for age and the expected subsequent FEV1 decline in future if the 
subject continued to smoke (Fig. 1).  All participants were strongly encouraged to stop smoking 
and received an anti-smoking booklet to take home. The antismoking booklet provided 
information on the harmful effects of tobacco smoke, the positive health and economic effects of 
smoking cessation, and useful hints how to stop smoking. On the average antismoking advice 
together with the discussion on the breathing test result took 5-7 minutes. No pharmacological 
treatment of smoking addiction was offered.  Nicotine replacement therapy (NRT) was available 
over-the-counter in Poland at the time of this project; however, NRT gum, patches and inhalers 
are not reimbursed and rather expensive. In subjects with normal spirometry, smoking cessation 
advice was focused on the risk of developing COPD, lung cancer, coronary artery disease, and 
the harmful effects of smoke to family members. Fletcher’s diagram was also shown.  
 
A total of 110,000 subjects were screened in the Program.[11] Ten of the 60 chest clinics taking 
part in the Program wit the highest number of subjects enrolled in different regions of the country 
were chosen to assess the effects of the smoking cessation advice one year after the initial visit. 
Subjects screened at centres selected for this study did not differ from the subjects in the 
remaining centres in terms of gender (58.6 vs 58.0% of males), nicotine dependence (4.73 vs 4.76 
FTND points), and severity of airflow limitation (FEV1 % predicted 89.95 ±23.5 vs 86.79 ±27.4), 
respectively. There was statistically significant difference between subjects in the selected and in 
the remaining centres in age (54.2 ±12.3 vs 53.3 ±11.3 years), age of smoking initiation (19.9 
±5.0 vs 20.3 ±5.24 years), number of cigarettes smoked daily (19.5 ±9.9 vs 18.9 ±9.4) and 
cumulative exposure to tobacco smoke (30.1 ±19.3 vs 28.7 ±18.7 pack-years), respectively. 
Those differences however, disclosed due to the great number of subjects included (n=110,000), 
were considered clinically not significant.  
 
During the years 2000-2001, 4494 current smoking adults attended the Program at the clinics 
chosen: 2580 men (57.4%) and 1914 women (42.6%). From this group, 26.2% we found to have 
airway obstruction: 7.5% mild, 13.5% moderate, and 5.2% severe. The remaining 73.8% had 
either normal spirometry or mild reductions in FVC without airway obstruction.  
 
A letter of invitation for a follow-up visit was mailed to all subjects of the group during the 11th 
month from the initial visit. In five centers, the letter of invitation was repeated after a month if 
the invited person had not yet responded. Some of the subjects (13.2%) were invited for follow-
up by a phone call. In one center, a phone call was also repeated after 2-4 weeks if the subject did 
not respond to the first call.  
 
During the follow-up visit, subjects completed a standardized questionnaire including questions 
on current smoking status, number of cigarettes smoked, motivation to stop-smoking, and 
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Fagerström Test for Nicotine Dependence.[16] Those who declared complete abstention from 
smoking lasting one year were called sustained quitters.  Self-reported non-smoking status was 
validated by an exhaled carbon monoxide (CO) level of less than 10 ppm (Micro CO, Micro 
Medical Ltd, Rochester, UK).  

 
Statistical analysis 
 
Statistical analyses were performed using Statistica version 6.0 software (StatSoft, Inc., 2001, 
Tulsa, Oklahoma, US). Tests were considered significant when p<0.05. Data distribution was 
analyzed using the Kologomorov-Smirnov test with Lilliefors correction. Quantitative data were 
described using mean ±SD.  Between groups characteristics were described using analysis of 
variance. Homogeneity of variance was assessed using Levene’s test. If a variable demonstrated 
normal distribution and homogenous variance, the F ANOVA test was applied.  Otherwise, a 
nonparametric Kruskal-Wallis H test was used. To characterize the strength of relationships 
between continuous variables, Pearson correlations were used.  Categorized qualitative between 
groups analyses were performed using Pearson chi-square test with appropriate corrections for N. 
To assess the influence of confounding categorized and continuous variables on smoking 
cessation rate after one year a logistic regression model was used. Odds ratios (OR), confidence 
intervals (CI) and p were calculated. 
 
RESULTS 
 
A total number of 3077 subjects, representing 68.5% of those invited, attended a follow-up visit: 
1867 men and 1210 women.  At the baseline exam, one third (n=1026) had airway obstruction, 
which was mild in 271 (8.8%), moderate in 545 (17.7%) and severe in 210 (6.8%). There were no 
statistically significant differences in the smoking history, age or gender of those who attended 
the follow-up visit and those who did not (non-responders). However, smokers with airway 
obstruction were more likely to attend a follow-up visit  (87.2%) when compared to smokers with 
normal spirometry (61.6%, p<0.001). The follow-up response rate also differed slightly according 
to the severity of airway obstruction: 80.4% with mild, 89.9% with moderate, and 89.7% with 
severe impairment (p=0.025). 
 
The mean age of the 3077 subjects was 52.1 (±10.5 SD), and the mean smoking exposure was 
30.0 (±17.0) pack-years.  The mean Fagerström test for nicotine dependence (FTND) score was 
4.76 (±2.4) points. See Table 1 for detailed descriptive statistics categorized according to 
spirometry results and gender. 

 
Table 1.  Baseline anthropometrical characteristics, smoking status, and lung function, stratified 
by gender and spirometry results. 
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Normal spirometry Airway obstruction  
Variable 

 
Total Males Females Males Females 

N (%) 3077 (100) 1192 (38.7) 859 (27.9) 675 (21.9) 351 (11.4) 
Age (yr) 52.1 ±10.5 50.1 ±11.1 50.0 ±8.9 56.8 ±9.9 55.0 ±9.6 
Age of smoking 
initiation (yr) 

19.8 ±4.9 18.9 ±4.4 21.1 ±5.1 18.7 ±4.0 21.6 ±5.9 

Cigarettes per day 18.9 ±8.3 19.8 ±8.7 16.9 ±6.9 20.0 ±8.8 18.8 ±7.9 
Pack-years 30.0 ±17.0 30.4 ±17.2 23.9 ±12.5 37.0 ±16.6 31.0 ±15.6 
FEV1/FVC (%) 74.2 ±12.9 81.1 ±7.4 81.9 ±7.3 59.2 ±9.3 60.1 ±7.5 
FEV1 (L) 2.70 ±0.9 3.46 ±0.8 2.45 ±0.5 2.2 ±0.8 1.69 ±0.6 
FEV1 % predicted 88.5 ±22.8 97.2 ±17.8 96.5 ±17.5 66.1 ±20.2 69.0 ±19.9 
FTND (points) 4.76 ±2.5 4.85 ±2.4 4.44 ±2.5 4.93 ±2.4 4.99 ±2.4 
No. of previous quit 
attempts 

1.69 ±3.5 1.78 ±4.4 1.80 ±3.0 1.47 ±2.5 1.37 ±2.1 

 
means ±SD unless otherwise indicated 
FTND = Fagerström test for nicotine dependence 

 
Successful smoking cessation during the one-year follow-up visit was confirmed by a low 
exhaled CO level in 686 subjects. Mean exhaled CO in sustained quitters was 5.01±3.4 ppm 
compared to 17.2±7.7 ppm in subjects continuing to smoke (p<0.001). Subjects who continued to 
smoke reported a lower mean number of cigarettes smoked per day: 19.5 (±8.2) at baseline to 
16.5 (±8.1) at one year follow-up.  The quit rates were 23.3% for men and 20.8% for women 
(p=0.11). Smokers with airway obstruction were more likely to have quit smoking (26.6%) when 
compared to those with normal spirometry (20.1%, p<0.001).  
 
The smoking cessation rate was recalculated using the conservative assumption that all subjects 
who did not come for the follow-up visit were continuing smokers. The overall recalculated quit-
smoking rate was 13.4%, greater in males (14.6%) than in females (11.7%), and \this difference 
was statistically significant (p=0.01). The quit rate for those with airway obstruction remained 
higher than those with normal spirometry (16.3% versus 12.0%, p=0.0003).  
 
Table 2.  Baseline age, smoking characteristics, and differences in spirometry results between 
continuing smokers and quitters. 
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Variable 

Smokers 
N 2391 

Quitters 
N 686 

 
p value 

Age (yr) 51.8 ±10.1 53.2 ±11.7 <0.005 
Age at smoking initiation 
(yr) 

19.6 ±4.7 20.3 ±5.4 <0.005 

Cigarettes per day 19.5 ±8.2 16.9 ±8.3 <0.001 
Pack-years 30.7 ±16.6 27.4 ±18.1 <0.001 
FEV1/FVC (%) 74.7 ±12.6 72.3 ±13.7 <0.001 
FEV1 (L) 2.73 ±0.9 2.62 ±1.1 <0.02 
Airway Obstruction, N (%)  753 (31.5) 273 (39.8) <0.001 
FTND (points) 4.98 ±2.4 4.04 ±2.4 <0.001 
No. of previous quits 1.60 ±3.5 1.96 ±3.6 0.055 

means ±SD unless otherwise indicated 
FTND = Fagerström test for nicotine dependence 

 
Independent predictors of successful smoking cessation included: older age, older age at onset of 
smoking, fewer cigarettes per day, lower cumulative tobacco exposure, a lower Fagerström score, 
and lower spirometric values (Table 2).  Subjects with moderate and severe airway obstruction 
were more likely to quit (Table 3).  
 
Table 3.  Smoking cessation rates after 12 months of follow-up, stratified by baseline spirometry 
results. 
 

Airway obstruction  
Spirometry results: 

 
Normal Mild Moderate Severe Any 

All subjects, n 3441 384 939 357 1680 
Quitters, n 413 56 151 66 273 
Quit Rate 12.0% 14.6% 16.1% 18.5% 16.3% 
p value * - 0.229 0.005 0.003 0.0003 

 
* The p value compares the quit rate in smokers with airway obstruction to smokers with normal 
spirometry 
 
Although airway obstruction was a strong predictor of success in stopping smoking, other 
confounding variables could play a role. To assess possible relationships a logistic regression 
analysis was used, adjusting the model for gender, age, number of cigarettes smoked daily, 
nicotine dependence (FTND) and airway obstruction (Table 4).  
 
Table 4. Influence of age, gender, number of cigarettes smoked daily, nicotine dependence and 
airflow obstruction in logistic regression model assessing sustained one-year smoking cessation. 
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Variable β OR 95% CI p
Age 0.0062 1.0062 0.99-1.02 0.22
No of cigarettes smoked daily -0.0180 0.9822 0.96-1.00 0.04
FTND -0.1331 0.8754 0.83-0.92 0.0001
Airflow Obstruction 0.4402 1.5529 1.24-1.95 0.0002
Female Gender -0.1562 0.8554 0.69-1.06 0.15

 
FTND = Fagerström test for nicotine dependence; OR – odds ratio, Exp(β); CI – confidence 
interval 

 
The logistic regression model showed significant effects of nicotine dependence, number of 
cigarettes smoked daily and airflow obstruction as predictors of smoking cessation. The effect of 
impaired lung function was the strongest predictor of sustained cessation (OR 1.6). 
 
 
DISCUSSION 

Spirometry combined with simple, short, anti-smoking behavioural support resulted in a 12% 
sustained (12 month) smoking cessation rate in smokers with normal spirometry and a 16.3% rate 
in smokers with airway obstruction.  These rates exceed the 4-6% quit rates reported after 
physician advice.[17-19] In Poland in 2005 year antismoking initiative called The Great Polish 
Smoke-out covered around 10 million smokers. After the action 100,000 (1%) smokers declared 
quitting smoking, another 600,000 (6%) did try to stop smoking temporarily, and 1,400,000 
(14%) smokers reduced the number of cigarettes smoked daily. Those unpublished yet data 
reflect spontaneous quit rates after repeated smoking cessation appeals in mass-media, on 
billboard and pickets.  
Better sustained cessation rates were reported in smokers with diseases related to or aggravated 
by smoking. In a large (1,550 subjects), controlled, British Thoracic Society (BTS) study, at the 
end of one year, 9.7% of investigated patients had successfully stopped smoking.  Smoking 
cessation was verified by carboxyhaemoglobin and thiocyanate measurements.[20] In our study 
smoking cessation rate in men was higher than in women (14.6 vs 11.7%). The difference 
between genders was much lower than that observed in the BTS study, where sustained smoking 
cessation rate in men  more than doubled cessation rate in women (12.2 vs 5.3%).[21] 
 
We used spirometry results to demonstrate harmful effects of smoking, and to reinforce smoking 
cessation advice. Similar type of intervention was applied in another study where carbon 
monoxide in the exhaled air was used to demonstrate smokers how much of the lethal gas they 
have accumulated in their bodies. Two hundreds ten smokers were randomly allocated to four 
groups: control – no intervention group, antismoking advice group, antismoking advice and 
carbon monoxide in the exhaled air measurement group and advice plus offer of further help 
group. After one year the highest stop smoking rate (17%) was observed in the exhaled carbon 
monoxide group compared to 15% in the advice group, 13% in advice plus further help group and 
11% in the control group.[22] 
 
Smoking cessation intervention combined with spirometry was applied in the first Lung Health 
Study (LHS1) in a large cohort of subjects with mild to moderate airway obstruction.[8] 
Behavioural techniques and nicotine replacement therapy during the first six months for the 
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intensive intervention group resulted in biochemically verified quit rate of 22% during 5 years of 
follow-up.  The one year quit rate in this group was 35%. In comparison, the 5 years sustained 
quit rate was only 5% in the usual care group of LHS1.  Fully 93% of those who were abstinent 
throughout 5 years of LHS1 remained non-smokers after a total of 11 years of follow-up.[23] 
 
Other studies of the benefits of combining smoking cessation advice with spirometry have 
reported much lower cessation rates. A letter with advice to stop smoking sent to workers with 
workplace exposure to asbestos and low lung function resulted in a 5.6% quit rate at one year, 
which was not significantly different when compared to the 3.5% quit rate in those who did not 
receive the letter.[24] 
 
In another study, smoking cessation advice combined with spirometry resulted in 6.5% cessation 
rate, which was not significantly different from the 4.5% of sustained (12 months) and validated 
(cotinine in urine) cessation rate in smokers who received only anti-smoking counselling or only 
minimal smoking cessation intervention.[25] Badgett and Tanaka[26] and a new report of 
Agency for Healthcare Research and Quality[27] have expressed doubts that spirometry 
substantially enhances smoking cessation rates when added to traditional techniques (such as 
physician advice, nicotine replacement therapy, or counselling).  
 
However, a consensus statement from the United States National Lung Health Education 
Program (NLHEP) recommended spirometry to increase the motivation of smokers to quit.[28] 
Our results help to confirm that opinion. We believe that results of objective spirometric 
measurements superimposed on a simplified diagram of FEV1 decline in non-smokers versus 
COPD patients was taken very seriously by the middle-aged smokers attending our program. This 
may explain the higher smoking cessation rate in our study when compared with general 
practitioner’s advice.[17-19] 
 
In contrast to our findings, the Lung Health Study found that smokers with moderate airway 
obstruction were not more likely than those with borderline to mild airway obstruction to quit 
smoking.[29] This difference may be because the Lung Health Study excluded smokers with 
normal lung function, thus their power to show a difference was much lower than in our study, 
which included over 2,000 smokers with normal spirometry.  
 
Our smoking cessation rates would probably have been even higher if we had been able to offer 
nicotine replacement therapy[30-31] or bupropion[29, 32-33] for several months at no cost to our 
study participants.  
 
Molyneux et al. compared effects of NRT, brief counselling and minimal intervention in 274 
smokers. Interventions were performed during hospitalisation. At 12 months abstinence rate was 
significantly higher in NRT plus brief counselling group compared to brief counselling alone, 
17% vs. 6% respectively.[30] Short term positive effects of NRT plus counselling but not at 6 or 
12 months were recently reported by Hand.[34]  
 
Smoking cessation in COPD patients is of paramount importance. Despite continuation of airway 
inflammation in COPD ex-smokers[35] the mean annual decline in FEV1 return to that observed 
in healthy non-smokers.[23] There is also a definitive reduction of death rate from lung cancer, 
myocardial infarction, and stroke in sustained non-smokers compared to continuing smokers.[36-
37] 
 

 on M
ay 23, 2023 by guest. P

rotected by copyright.
http://thorax.bm

j.com
/

T
horax: first published as 10.1136/thx.2006.059071 on 29 June 2006. D

ow
nloaded from

 

http://thorax.bmj.com/


 9

The number of previous quit attempts (approx. 2) characterising presented population  was rather 
low. Number of quit attempts in sustained ex-smokers in Poland averaged 7.[38] Probably our 
program attracted smokers who had not previously been encouraged by their general practitioners 
to quit.   
 
Our study has limitations. The subjects were all volunteers from Poland and thus may not be 
representative of all smokers in other countries. They also showed interest in their own health 
presenting themselves to the Program, and thus probably were more motivated to quit than other 
smokers.  Our follow-up rate was 68%, but our primary findings were unchanged when we 
conservatively assumed that all non-responders were continuing smokers. Available, very limited 
data on the “background quit rate” in Poland (The Great Polish Smoke-out) showed that it was 
very low. Since we did not randomise study participants to spirometry versus no spirometry, 
unmeasured confounders may have caused the association of abnormal spirometry with better 
smoking cessation rates.  A large randomised clinical trial is needed to more conclusively answer 
this important question.  
 
In summary, we have demonstrated that spirometry combined with a short smoking cessation 
advice from a physician resulted in relatively high smoking cessation rates in adult smokers. 
Smokers with airflow limitation showed significantly higher smoking cessation rate than smokers 
with normal spirometry. Screening of adult smokers to detect airway obstruction using 
spirometry performed by trained technologists, combined with strong smoking cessation advice, 
has the potential to reduce the burden of COPD in entire countries. 
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