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INTRODUCTION

Cigarette smokers have a higher prevalence of  respiratory 
symptoms, lung function aberration, and a higher decline in 
forced expiratory volume in 1 s (FEV1) than non-smokers.1 
Cigarette smokers have a lower level of  pulmonary function 
than those persons who are non-smokers. Smoking 
damages the young people’s achievement in terms of  
physical fitness and exercise capacity. Person who smokes 
a pack or more of  cigarettes each day generally lives 
7 years less than individual who never smoked.2 The early 

symptoms of  cough and sputum production which are 
manifestation of  chronic obstructive pulmonary disease 
(COPD) are usually missed by the smoker and are regarded 
as normal or seasonal cough. A person attends medical 
physician when they got breathing problems of  mild-to-
moderate degree, but half  of  the respiratory reserves are 
lost at that time.3 Meta-analysis of  Indian study reveals 
prevalence of  COPD to be 5% in males while it is 2.7% in 
females above 30 years of  age.4 Most of  literature reveals 
long-term toxic effect of  smoking (>20 pack-years) to lung 
function. Therefore, the main purpose of  this study is to 
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investigate short duration toxic consequences of  smoking 
(<20 pack-years) to lungs of  asymptomatic smokers by 
spirometry and 6 min walk test (6MWT).

Aims and objectives
The main focus of  this study is to evaluate short 
duration toxic consequences of  smoking to the lungs of  
asymptomatic smokers through spirometry and 6 min walk 
test (6MWT).

MATERIALS AND METHODS

A minimum of  160 patients who visited Sri Aurobindo 
Medical College and Mohak Superspeciality Hospital, 
Indore, who have been diagnosed as free from any 
cardiovascular, neurological, and gastroenterological disease 
by thorough clinical examination were taken into account. 
Complete ethical approval taken from college ethical 
committee before starting study. Sample size has been taken 
on the basis of  average number of  asymptomatic smokers 
between 20–50 years age group in around 24 months. The 
random selection of  individuals includes 80 asymptomatic 
smokers and 80 healthy non-smokers.

Inclusion criteria
For cases
1. Informed and willing young smokers with no prior 

history of  any chronic disease
2. Age 20–50 years of  age
3. Body mass index (BMI) between 18 and 25 kg/m2

4. Smoker 1–20 pack-years (PYs).

For control
1. Informed and willing healthy subject from executive 

health check-up with no prior history of  any chronic 
disease

2. Age 20–50 years of  age
3. Non-smoker
4. BMI 18–25 kg/m2.

Exclusion criteria
The following criteria were excluded from the study:
1. Acute metabolic complications
2. Smoker >20 PYs
3. Alcohol dependence
4. Comorbid disease.

For the comparison between smokers and non-smokers, the 
whole sample of  population was divided into two groups. 
Group 1 has individuals of  age 21–35 years and Group 2 
has individuals of  age 36–50 years.

The volume of  smoking exposure was calculated based 
on PYs. PYs are calculated by formula Number of  

PYs=Number of  cigarettes smoked per day/20×Number 
of  years smoked. Subjects were asked to stop smoking 
for 4–6 h before tests. Smokers are divided into four 
groups, Group A comprises 1–5 PYs, Group B consists of  
6–10 PYs, Group C consists of  11–15 PYs, and Group D 
consists of  16–20 PYs.

Study tools
1. History
2. Examination
3. BMI
4. Pulmonary function test
5. 6 min walk distance (SMWD).

The spirometric studies was conducted to find out the 
range of  values for various pulmonary function parameters 
including forced vital capacity (FVC), forced expiratory 
volume in 1 s (FEV1) in 1 s of  FVC, FEV1%, peak 
expiratory flow rate (PEFR), maximum mid-expiratory 
flow rate (MMEF), and maximum voluntary ventilation 
(MVV). Equipment used was a Master Screen PFT 
SYSTEM (JAEGER M S PFT) Machine. Spirometry is 
performed by an experienced respiratory technician as per 
the recommendations of  the American Thoracic Society 
guidelines.5 FVC, FEV1, and FEV1% were measured 
after the administration of  400 μg of  salbutamol as per 
the guidelines given by chronic obstructive lung disease 
(GOLD).1 Based on spirometry, subjects were categorized 
as COPD if  FEV1/FVC <0.70 and mild grade if  FEV 
>80% of  predicted normal value, moderate grade COPD 
if  FEV1 50–70% of  predicted normal value, severe 
grade COPD if  FEV1 30–50% of  predicted normal, and 
very severe grade COPD if  FEV1 <30% of  predicted 
normal value.

The 6MWT is a practical simple test that requires a 100-
feet hallway and flat hard surface for walking. 6MWT was 
carried out as per the American Thoracic society guideline 
by trained respiratory technicians. This test measures the 
distance that a patient can quickly walk on a flat, hard 
surface in a period of  6 min.6 This test is performed by 
both case and control to quantify effects of  smoking.

Statistical methods
The whole data were entered into Microsoft Excel sheet 
and analyzed using Statistical Package for the Social 
Sciences (SPSS) software, version 21. We calculated the 
means and standard deviations for the linear variables 
and proportions for the categorical variables. The means 
between two groups were compared using standard Chi-
square test. The means across more than two groups were 
compared using the standard test analysis of  variance 
(ANOVA). If  P<0.05, result is trumpted as statistically 
significant.
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RESULTS

A total of  160 persons including both males and females 
who met inclusion criteria were included in the study. It 
includes 80 asymptomatic smokers as case and 80 non-
smokers as controls.

The whole population of  smokers is divided into four 
groups on the basis of  number of  pack-years they used 
to smoke.

Figure 1 shows that Group A includes 1-5PYs, Group B 
have 5-10PYs, Group C have 10-15PYs and Group D have 
15-20PYs. Maximum smokers belonged to Group A (32) 
followed by Group C (22 smokers), Group B (16 smokers) 
and Group D (10 smokers). 

Table 1 shows that difference between anthropometric 
measures of  smokers and non-smokers group, that is, 
age, height, weight, and BMI, is not statistically significant 
(P>0.05) which signifies a proper group selection.

Table 2 shows that there is difference in mean values of  
spirometric parameters of  smokers and non-smokers. 
Mean values of  all the variables are more in non-smokers 
than smokers.

There is statistically significant difference between smokers 
and non-smokers group in spirometric parameters of  

FEV1, FEV1%, FEV1/FVC%, MMEF 25–75, MMEF 
25–75%, PEFR, PEFR%, and MVV% (P<0.001), while 
there is no significant difference in parameter of  FVC and 
FVC% of  two groups (P=0.164 and P=0.774, respectively).

Table 3 shows that the mean distance walked in 6 min, that 
is, 6MWT=424.7 in smoker which is significantly less than 
non-smokers, that is, 478.8 (P<0.05).

Table 4 shows the spirometric variables correlation among 
different groups of  smokers. Group A has maximum 
mean FEV1% (i.e., 88%) while Group D has least value of  
FEV1% (i.e., 71.5%), so as the trend of  maximum number 
of  variables except FVC. This suggests gradual progressing 
toxic effect of  smoking to the lungs with increased quantum 
of  smoking PYs. P value is significant (P<0.05) for all the 
variables except FVC and FVC%. The spirometric variable 
which is most effected in Group A is MMEF 25–75% 
(i.e., 73.7%) to MMEF 25–75% in Group D (i.e., 53.09%). 
The earliest spirometric variable affected in smokers is 
MMEF 25–75% which suggests involvement of  small 
airway obstruction. Thus, we conclude by this table that as 
the number of  pack-years of  smoking increases, there is 
statistically significant decrease in most of  the spirometric 
variables except FVC and FVC%.

Figure 2 suggests that as the duration and intensity of  
smoking increase, the mean SMWD decreases.

SMWT is inversely proportional to smoking PYs. The 
correlation between smoking PYs and 6MWT is statistically 
significant (P<0.05). This table suggests that physical 
fitness of  smokers in terms of  6MWT performance 
gradually decreases from 464 meters in Group A (1–5 PYs) 
to 343 m in Group D (16–20 PYs).

Table 5 shows the comparison of  spirometric values 
between the smokers and non-smokers of  different age 
groups (A and B). The variables FVC, FEV1, FEV1%, 
FEV1/FVC%, MMEF 25–75, MMEF 25–75%, PEFR, 
PEFR%, and MVV% have value lesser in smokers than 
non-smokers of  age-matched controls and the difference 
in spirometric variables is found to be statistically significant 
(P<0.001). Furthermore, when the smokers of  both the 
groups are compared, the mean value of  all the variables 

Table 1: Anthropometric values and physical 
performance of two groups
Variables Smokers*

N=80
Non-smokers*

N=80
P 

value
Age (yrs) 35.46±9.08 35.75±8.07 0.890
Height (cm) 172.11±6.89 171.31±6.10 0.441
Weight (kg) 67.38±8.36 65.32±6.46 0.087
BMI 22.71±2.14 22.27±1.85 0.164

*All data are expressed as mean (standard deviation). BMI: Body mass index, Yrs: 
Years, cm: Centimeter, Kg: Kilogram

Table 2: Pulmonary function test of smokers and 
non-smokers
Variables Smokers* Non-smokers* P value
FVC 4.06±0.69 4.20±0.58 0.164
FVC% 87.22±9.08 87.64±9.10 0.774
FEV1 3.04±0.50 3.46±0.54 0.000
FEV1% 79.97±11.79 88.60±11.91 0.000
FEV1/FVC% 77.21±13.05 82.80±5.95 0.001
MMEF 25–75 2.84±0.90 3.67±0.76 0.000
MMEF 25–75% 65.95±18.21 88.86±20.95 0.000
PEFR 6.94±1.48 8.46±1.09 0.000
PEFR% 75.09±17.21 90.76±13.62 0.000
MVV% 81.31±20.34 95.621±13.24 0.000

*All data are expressed as mean (standard deviation). FVC: Force vital capacity, 
FEV1: Forced expiratory volume in 1 s, MMEF: Mid‑maximum expiratory flow rate, 
PEFR: Peak expiratory flow rate, MVV: Maximum voluntary ventilation

Table 3: Physical performance of smokers and 
non-smokers
Variables Smokers

N=80 
(mean±SD)

Non-smokers
N=80 

(mean±SD)

P value

SMWD 424.72±46.12 478.88±30.22 0.000
8.58±5.62

SMWD: 6 min walk distance
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is lesser in all the smokers of  Group 2 which may be due 
to the age-related decrease in spirometric variables and 
increased smoking PYs. This table suggest early large 
airway obstruction (FEV1%) in 36–50 years smokers group 
(i.e., 75%) to normal large airways (84%) in 21–35 years 
smokers group while small airway obstruction MMEF 
(25–75%) decrement is mainly observed in 36–50 years 
smokers group, that is, 61.9%, and 21–35 years smoker 
group, that is, 68.35%.

MMEF 25–75% parameter is normal in both non-smoker 
groups. This table suggests that small airway variable is 
effected maximum in early smokers.

Table 6 shows that mean SMWT distance is decreased 
in smokers of  both 21–35 years and 36–50 years age 

group as compared to the non-smokers of  same age 
group. As the age increases, the mean SMWT distance 
decreases. Furthermore, the decrease in SMWT distance is 
significantly more in cases of  smokers of  older age group. 
Smokers of  36–50 years age group are heavy smokers 
with maximum smoking PYs. It suggests that age and 
quantum of  smoking PYs are negatively correlated to 
SMWT distance.

Figure 3 suggests that the prevalence of  COPD in smoker 
is 23.7%, that is, total 19 smokers fulfill the criteria of  
COPD as per GOLD spirometric variables criteria. Among 
them, maximum smokers have moderate COPD (15), three 
have mild COPD while one has severe COPD. Smokers 
of  Group “C” have maximum number of  COPD patients, 
that is, 8.

DISCUSSION

COPD is frequently under-recognized or diagnosed at 
an older stage of  life, when there are very few treatment 
modalities to hamper the progressive nature of  COPD. 
Spirometry screening of  asymptomatic smokers will be 
helpful to diagnose a trivial number of  smokers with 
airway obstruction who are at high risk of  development 
to COPD disease. In this study, we have evaluated the 
results of  spirometry screening and 6MWT distance 
on asymptomatic smokers between 1–20 PYs and 
compared with asymptomatic healthy controls of  same 
age group.

In our study, proper matching of  the smokers and non-
smokers group was there as both groups had no significant 
difference in the mean anthropometric parameters such 
as age, height, weight, and BMI when mean and standard 
deviation in both groups were compared. All the smokers 
smoked only cigarettes and no smoker is taking tobacco 
in any form other than smoking.

Table 4: Correlation of PFT with smoking pack-years 
Variables Group A

n=32
(1–5 Py)

Group B
n=16

(5–10 Py)

Group C
n=2

(10–15 Py)

Group D
n=10

(15–20 Py)

Df P 
value

FVC 3.91±0.72 4.19±0.80 4.22±0.61 4.01±0.43 1.082 0.36
FVC% 89.45±8.4 87.55±9.26 86.44±9.80 81.3±5.80 2.187 0.09
FEV1 3.22±0.47 3.06±0.57 2.98±0.54 2.82±0.31 2.586 0.05
FEV1% 88.22±7.41 78.91±8.63 74.73±13.32 71.55±5.22 12.88 0.00
FEV1/FVC% 86.56±12.03 73.20±5.15 71.74±11.67 70.24±2.71 13.23 0.00
MMEF 25–75 3.48±0.84 2.43±0.68 2.45±0.60 2.09±0.53 15.21 0.00
MMEF 25–75% 73.79±20.58 61.13±14.42 61.57±13.60 53.09±10.92 5.011 0.003
PEFR 7.35±1.60 6.99±1.66 6.58±0.93 5.79±0.98 3.452 0.02
PEFR% 81.80±19.24 75.20±17.06 69.34±9.18 60.16±9.98 5.694 0.001
MVV% 94.51±22.13 75.23±18.27 73.63±9.46 66.33±6.50 10.50 0.00

FVC: Force vital capacity, FEV1: Forced expiratory volume in 1 s, MMEF: Mid‑maximum expiratory flow rate, PEFR: Peak expiratory flow rate, MVV: Maximum voluntary 
ventilation

Figure 2: Comparison of 6 min walk distance with smoking pack-years

Figure 1: Distribution among smokers population
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In our study, spirometric variables such as FEV1% and 
FEV1/FVC ratio are decreased in smokers suggesting 
obstructive type of  lung disease. Similar results were 
observed in recent Mexico study conducted by Sansores et 
al., in which 2961 smokers were observed with a smoking 
history of  at least 10 pack-years.7

George et al8 found that age, body weight, body surface area 
and FVC did not show statistically significant difference 
between non smokers and smokers whereas FEV1, FEV1/
FVC, PEFR, and MVV was found to be significantly higher 
in non smoker as compared to smokers (P value=0.00).

In our study as the intensity and duration of  smoking 
increased FEV1, FEV1%, FEV1/FVC%, PEFR, PEFR%, 
and MVV% gradually decreased and there is statistically 
significant relation between the smoking PYs and the 
above mentioned spirometric variables. More is the PYs of  
cigarette smoked, more is the reduction in lungs spirometric 

variables. There is a significant difference in these variables 
when compared between all the four groups on the basis 
of  number of  pack years. This suggests that severity of  
COPD is directly proportional to number of  PYs and 
even early smoking between 1 and 20 pack year can lead 
to considerable damage to lung function.

This is similar in accordance with the studies done by 
Hegde et al.,9 and Targowski et al.,10 Hegde et al., studied 
the correlation between smoking index in pack-years 
and FEV1% using the correlation coefficient test and 
observed a highly significant inverse correlation between 
smoking pack-years and FEV1%, that is, as the smoking 
pack-years increased the FEV1 gradually decreased 
(r=−0.97, P<0.01).

Examination of  the mid-portion of  expiratory flow rate 
may provide information on small airway involvement. The 
FEF rate between 25 and 75% of  the FVC (FEF25–75) is 
usually signifies measurement of  small airways pathology.11 
A recent Indian study observes that small airway obstruction 
develops more commonly in smokers with higher quantum 
of  cigarette consumption and involves 51% smokers at 
10 PYs or more.12 We found the difference in MMEF rate 
(MMEF 25–75%) variable of  smokers and non-smokers 
as statistically significant (P<0.05). MMEF rate (MMEF 
25–75%) is decreased more in Group 2 (36–50 years) 
smokers than Group 1 (20–35 year) smokers.

Table 5: Comparison of pulmonary function test of two groups
Spirometric 
variables

Age groups
Group 1 (20–35 years) Group 2 (35–50 years)

Smokers (n=42) Non-smokers (n=43) Smokers (n=38) Non-smokers (n=37)
FVC 4.070±0.72 4.29±0.49 4.06±0.66 4.10±0.65
FVC% 89.45±8.32 86.60±8.29 84.76±9.25 88.84±9.82
FEV1 3.21±0.53 3.57±0.51 2.86±0.40 3.34±0.55
FEV1% 84±11.54 87.45±11.92 75.51±10.37 89.93±11.75
FEV1/FVC% 82.59±13.73 83.96±6.57 71.27±9.12 81.46±4.80
MMEF 25–75 3.19±0.90 3.95±0.55 2.39±0.69 3.34±0.84
MMEF 25–75% 68.35±19.57 90.01±18.15 61.95±15.92 87.53±23.73
PEFR 6.98±1.65 8.35±1.076 6.76±1.27 8.60±1.09
PEFR% 75.95±18.50 87.71±10.41 72.58±15.48 94.31±15.87
MVV% 89.62±22.21 95.35±12.01 72.29±12.99 95.93±14.54

FVC: Force vital capacity, FEV1: Forced expiratory volume in 1 s, MMEF: Mid‑maximum expiratory flow rate, PEFR: Peak expiratory flow rate, MVV: Maximum voluntary 
ventilation

Table 6: SMWD of both age groups
Variables Age groups

Group 1 (20–35 years) Group 2 (35–50 years)
Smoker* (n=42) Non-smoker* (n=43) Smoker* (n=38) Non-smoker* (n=37)

SMWD 447.14±45.50 482.18±27.06 399.94±31.95 475±33.12
SPY 6.52±5.41 10.86±4.93

*All data are expressed as mean (standard deviation). SMWD: 6 min walk distance, SPY: Smoking pack‑years

Figure 3: Prevalence of chronic obstructive pulmonary disease among 
smokers
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Ritesh13 in his study concluded that value of  PEFR and 
maximum voluntary ventilation (MVV) is lower in active 
tobacco smokers than non-smokers. The actual value 
of  PEFR and MVV decreases as the number of  years 
tobacco smoking increases. Therefore, pulmonary function 
variables value is lower in moderate smokers than in mild 
smokers and highly decreased in heavy smokers than in mild 
and moderate smokers which are also seen in our study.

The mean values of  all the spirometric variables are more 
decreased in smokers of  Group 2 (35–50 years age group) 
than Group 1 (20–35 years age group) except FVC%. The 
reason is increased duration and intensity of  smoking in 
Group 2 in our study. Non-smokers of  Group 1 have values 
of  all parameters more than Group 2 non-smokers. This is 
suggestive of  age-related decline in pulmonary functions.

In our study, out of  the total 80 smokers, 23% of  smokers 
fit in some category of  COPD in GOLD staging, though 
they were asymptomatic which means that they were 
completely free from cough, sputum production, and 
dyspnea. Similarly in a study done by Barthwal and Singh,14 

smokers above 40 years and with smoking index above 200 
showed obstruction in 26% on spirometry. In a large scale 
study done at Poland, 11,027 smokers older than 40 years 
were screened for airflow obstruction with the help of  
spirometry and it was found that the prevalence of  airway 
obstruction was 24.3%.15

The 6MWT provides information regarding functional 
capacity, response to treatment, and prognosis across a 
range of  chronic cardiopulmonary diseases. A SMWD 
<350 m is usually correlated with higher mortality in 
COPD, chronic heart failure, and pulmonary arterial 
hypertension. A change in 6MWT distance of  more than 
50 m is clinically important in most disease states.5 In our 
study, the mean distance walked in SMWD by non-smokers 
is 478.88±30.22 while that by smokers is 424.72±46.12. 
This variable difference in between the two study groups 
is statistically significant (P<0.001). Among the smokers, 
we found that as the number of  pack-years increases, 
SMWD decreases with least distance walked by Group D 
smokers (343 m). Thus, the degree to which lung function 
and exercise capacity of  smokers decreases is inversely 
proportional to the duration and the quantity of  cigarettes 
being smoked.

Cahan et al.,16 in their study found that non-smokers walked 
significantly farther (413±14 m; mean ± standard error) 
and took more steps (665±14 steps) than either current 
(352±7) or former smokers (370±7).

Among the two groups of  smokers on the basis of  age, 
there is statistically significant difference between the 

distance walked in SMWT by smokers of  Group 1 and 
Group 2. Smokers of  more aged group walk lesser than 
young smokers indicating that smoking significantly affects 
the functional exercise capacity of  smokers.

Limitations of the study
Limitation: The spirometric variables and 6MWD 
abnormality could not be compared with male and female 
gender as most of  smoker patient are male. In addition, 
the small size of  our sample might impose some restriction 
on the interpretation of  our data.

CONCLUSION

Spirometry testing should target on those at risk of  
developing COPD particularly from smoking and thus 
spirometry was able to detect under-recognized airflow 
obstruction (FEV1). Thus, early screening of  high-risk 
group would lead to reduction of  the clinical burden of  
disease. If  the intensity and duration of  smoking increased, 
lung function such as FEV1, FEV1%, FEV1/FVC%, 
MMFR 25–75%, PEFR, PEFR%, and MVV% is reduced 
gradually. Most of  spirometric variable except FVC and 
FVC% are significantly decreased in asymptomatic smokers 
than non-smokers. Among asymptomatic smokers with 
impaired pulmonary function tests, obstructive pattern is 
more common. The SMWD was significantly decreased in 
asymptomatic smokers as compared to non-smokers and 
it reduces gradually from Group A (1–5 PYs) to Group D 
(15–20 PYs). Early diagnosis of  lung function impairment 
with spirometric variable and 6MWD in smokers may help 
in detection of  young individual smoker who are prone 
for rapid deterioration of  lung function with increased 
quantum of  pack-years. Smoking cessation programs are 
highly productive in such individual.
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