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ABSTRACT
Background and Aim: Tobacco smoking was injurious to health, lung function and cause 
for many diseases has been known to mankind since decades. Access, peer pleasure, and 
various causes lead to addiction to tobacco smoking, and leads to a morbid lifestyle in later 
life. The aim of the study was to find out the harmful impact of the tobacco smoke on lung 
health by comparing the effect of the exposure of tobacco smoke on the mid-expiratory lung 
function indices (MEF75, MEF50, and MEF25). Materials and Methods: The study was 
carried out on 80 subjects between the age group of 18 - 45 years, and were divided into two 
groups with 40 subjects in tobacco smokers’ and 40 subjects as controls, and PFT indices 
were obtained before and after giving bronchodilator. Smoking index was calculated. Results: 
Predicted MEF25 and MEF75 were significantly decreased in tobacco smokers compared to 
control group. Predicted MEFR was significantly correlated with smoking index. Conclusion:  
Mid-Expiratory flow rate 25-75% was reduced in chronic smokers. The rate of reduction in 
MEFR 25-75% is proportional to the number of years the person been smoking.
Key words: Pulmonary function test, Mid-expiratory flow rate, Smoking index, Tobacco 
smokers, Adult males.
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INTRODUCTION
Tobacco, obtained from fresh leaves of plant 
Nicotiana tabacum[1] with high concentrations 
of nicotine, harvested and processed for slow 
oxidation and degradation of carotenoids.[2] Then, 
tobacco smoke becomes palatable and enhances 
the addictive potency. Cigarettes are made from 
finely cut and reconstituted tobacco, with additives 
rolled to a paper-wrapped cylinder and are ignited, 
inhaled through an acetate filter.[3] Smoking is a 
major addiction in this current generation, also 
with widespread criticism; its use is on the rise.[4] 
The tobacco smoke is an aerosol produced by the 
incomplete combustion of tobacco leaves. With 
evolution, the form of smoking attains different shape.
In our country, tobacco is consumed in the form of 
bidis (54%), smokeless tobacco (27%), and cigarettes 
(9%). Recent major form of smoking is cigarette 
smoking with tobacco as its content.[5] The number 
of packs smoked per day has a significant effect on 
pulmonary functions. The ill effects explained by 
different governments all over the world prevented a 
rise in tobacco smoking but it’s apt to say its use is on a 
plateau with youngsters at rise.[6] Among the younger 
generation cigarette smoking is the initial step to 
lure them into different type of addictions because, 
cigarettes are easily available than any other abuse 
products. Around 1980s, death due to tobacco was 
6.3 lakhs per year.[7] Current estimates have increased 
to 8 to 9 lakhs per year with no signs of decline. An 
alarming attribute being an increasing incidence 

of oral cancers[8] among men and women, due to 
its easy availability of different smoking and non-
smoking forms of tobacco. Cardiovascular ailments 
in people younger than 40 years are contributed by 
smoking. Each passing year 4.5 million smokers 
suffer from heart ailments and 3.9 million people 
from respiratory diseases in our country. Almost all 
these morbidities are preventable.[9]

The exposure to harmful toxins is directly 
proportional to the damage of lung parenchyma.[10]  
An obstructive pattern can be identified with an 
early pulmonary function tests. One important 
parameter is mid-expiratory flow rate (MEFR - 
MEF75, MEF50, and MEF25) which identifies the 
obstruction of the smaller airways like bronchioles 
at earliest.[11] Mid-expiratory flow rate (25-75%) is 
the average forced flow rate over the middle 50% of 
the forced vital capacity (FVC). A reduction in MEF  
25-75% of less than 60% and FEV1/FVC reduced may 
confirm airway obstruction. MEF 25-75 represents 
the forced expiratory flow between 25% and 75% of 
vital capacity and indicates the small airway patency. 
The obstruction in the airflow is primarily due to 
the abnormalities in the airways less than 2mm in 
internal diameter. The importance of this parameter 
lies in its ability to detect the obstruction of airways 
which can be reversed with complete abstinence 
from smoking. We took asymptomatic smokers and 
compared their smoking index with non-smokers 
and analyzed the MEFR.
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MATERIALS AND METHODS
The study was conducted in department of Physiology in collaboration 
with department of Respiratory Medicine, Bhagat Phool Singh 
Government Medical College for Women and associated hospital, 
Khanpur Kalan, Sonepat. The study was carried out on 80 subjects 
between the age group of 18 - 45 years, and were divided into two groups 
with 40 subjects in tobacco smokers’ and 40 subjects as controls, and PFT 
indices were obtained before and after giving bronchodilator and others 
who were not willing and having end stage disease were excluded. After 
getting approval from the institutional ethics committee, patients were 
recruited after obtaining written informed consent. Parameters such 
as age, sex, height, weight, body mass index, blood pressure, pulse rate, 
temperature, and pulmonary function test (PFT) indices were obtained.
Smoking index was calculated by the average number of cigarettes/bidis 
smoked per day multiplied by the number of years the person has been 
smoking.[12]

Statistical Analysis of Data
Percentage analysis was used for categorical variables and the mean 
and standard deviation was used for continuous variables. To find the 
significant difference between the two independent groups, unpaired 
sample t test was used. For the multivariate analysis, the Krusal Wallis 
was used. P value < 0.05 was considered as statistically significant. 
Statistical analysis was carried out by using Microsoft excel and standard 
statistical software (IBM Statistical Package for the Social Sciences 
(SPSS), Statistics for Windows, Version 20.0. Armonk, NY: USA)

RESULTS
Anthropometric indices such as age, height, weight and body mass index 
were not statistically significant between tobacco smokers and control 
group (Table 1).
The predicted MEF75 in tobacco smokers’ and in controls were  
7.77 ± 0.46 and 7.81 ± 0.92 respectively. On comparison, no significant 
difference was found. The predicted percentage of post bronchodilator 
MEF75 in tobacco smokers and control group were 109.92 ± 27.62 and 
102.27 ± 13.81 respectively. On comparison between them, no significant 
difference was found (Table 2). 

Table 1: Comparison of age, height, weight, body mass index among 
tobacco smokers and controls.

Sl. No. Parameters Cases Controls P value

1 Age (years) 37.95 ± 7.58 35.81 ± 7.84 0.2183

2 Height (cm) 165.43 ± 6.01 168.91 ± 5.78 0.171

3 Weight (kg) 58.06 ± 11.79 60.70 ± 10.22 0.287

4 BMI (kg/m2) 20.90 ± 3.68 22.01 ± 3.39 0.165

Data was expressed as mean±SD. P<0.05 was considered as statistically significant. 
BMI: Body mass index.

Table 2: Comparison of predicted MEF75 and predicted MEF75% (post 
bronchodilator) among tobacco smokers and controls. 

Sl.No. Parameters Cases Controls P value

1 Predicted 
MEF75 (l/s)

7.77 ± 0.46 7.81 ± 0.92 0.806

2 Predicted 
MEF75%

(post-
bronchodilator)

109.92 ± 27.62 102.27 ± 13.81 0.121

Data was expressed as mean±SD. P<0.05 was considered as statistically significant. 
MEF: Mid-expiratory flow

Table 3: Comparison of predicted MEF50 and predicted MEF50% (post 
bronchodilator) among tobacco smokers and controls. 

Sl.No. Parameters Cases Controls P value

1 Predicted MEF50 (l/s) 4.84 ± 0.40 4.33 ± 0.44 0.001

2 Predicted MEF50%
(post-bronchodilator)

112.92 ± 27.92 107.18 ± 13.29 0.249

Data was expressed as mean±SD. P<0.05 was considered as statistically significant. 
MEF: Mid-expiratory flow

Table 4: Comparison of predicted MEF25 and predicted MEF25% (post 
bronchodilator) among tobacco smokers’ and controls. 

Sl. 
No.

Parameters Cases Controls P value

1 Predicted MEF25 (l/s) 2.08 ± 0.27 1.96 ± 0.43 0.139

2 Predicted MEF25%
(post-bronchodilator)

114.09 ± 35.53 111.69 ± 23.20 0.721

Data was expressed as mean±SD. P<0.05 was considered as statistically significant. 
MEF: Mid-expiratory flow

Table 5: Correlation of smoking index with the lung function parameters.

Pred. MEF 75 Pred. MEF 50 Pred. MEF 25

Smoking 
Index

r -0.458** -0.567** -0.597**

P 0.001 0.001 0.001

P<0.05 was considered as statistically significant. MEF: Mid-expiratory flow.

Figure 1: Correlation of smoking index with the predicted MEF50.

The predicted MEF50 in tobacco smokers and in control group were 
4.84 ± 0.40 and 4.33 ± 0.44 respectively. On comparison between them, 
statistically significant difference was found. The predicted percentage of 
post bronchodilator MEF50 in tobacco smokers and control group were 
112.92 ± 27.92 and 107.18 ± 13.29 respectively. On comparison between 
them, no significant difference was found (Table 3). The predicted 
MEF25 in tobacco smokers and in control group were 2.08 ± 0.27 and 
1.96 ± 0.43 respectively. On comparison between them, no significant 
difference was found (Table 3).
The predicted percentage of post bronchodilator MEF25 in tobacco 
smokers and control group were 114.09 ± 35.53 and 111.69 ± 23.20 
respectively. On comparison between them, no significant difference 
was found (Table 4). Predicted MEF75, MEF50 and MEF25 showed 
significant correlation with smoking index (Table 5 and Figure 1).
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DISCUSSION
Tobacco smoking is one of the most preventable forms of causative agent 
for respiratory and cardiac related morbidity and mortality. Annual 
deaths due to tobacco smoking is around 7 million.[13-14] Smoking index 
was used to compare the effect of tobacco smoke on the lung function.[12]

In our study, we have assessed the effect of tobacco smoke on lung 
function indices by comparing the pre and post bronchodilator values 
between the cases and controls. The Mid-expiratory flow rate (MEFR) 
causes obstruction of airways more commonly the smaller airways. 
Likewise in our study, the obstruction of smaller airways is observed by 
a decrease in MEFR among smokers. The more alarming trend is the 
increase in the smoking among the teenagers.[15] Another striking point 
is that the smoking among rural and urban areas is narrowed with the 
rising awareness and availability of tobacco products to farther corner 
of the country. 
Tobacco use was around 2.5% in urban compared to 2.6% in rural 
areas. According to the Government data,[16] COPD is ranking 7th in 
Northeastern states and 4th in rest of the states, telling the penetrance 
of tobacco on a widespread level. The important parameter into 
consideration in the evaluation of smokers is the development of the 
obstructive pattern noted in the smaller airways, which we found in our 
study.
Most of the studies conducted have a similar trend of the smoking pattern 
and the trend is due to the addiction pattern seen among the individuals 
in society. The significant parameter into consideration in the evaluation 
of smokers is the development of the obstructive pattern noted in the 
smaller airways. MEFR 25-75% was lesser in tobacco smokers implying 
the nature[17] of burden in the smaller airways. This frightening reduction 
in the MEFR among smokers that too in asymptomatic participants urges 
the physician to screen all patients with smoking history to undergo 
rigorous psychological procedures to curtail its use. The proportion of 
reduction is more with early smokers than with chronic smokers over the 
years. Different studies support our results i.e., in the reduction of flow 
rates in particularly MEFR is more in early stages than in the late stages.

CONCLUSION
Mid-Expiratory flow rate 25-75% was reduced in chronic smokers. The 
rate of reduction in MEFR 25-75% is proportional to the number of years 
the person been smoking. Among the parameters considered MEF 50 
seems to be significantly reduced with the smoking years. Considering 
the major population is of youth age, smoking affects mental health as 
well as physical health, also the reason for major cardiovascular and 
respiratory related problems. 
As shown in our study, the number of cigarettes and duration are being 
directly proportional to the reduction in the lung function parameters. 
The obstruction of small airways causing decrease in lung function 
requires more research into the mid-expiratory values to understand the 
pathological mechanism better. So, government as well as public has to 
be aware of the harmful effects of tobacco smoking and have to be vigil 
and alert about the conditions.

CONFLICT OF INTEREST
The authors declare that there is no conflict of interest.

ABBREVIATIONS
MEFR: Mid-Expiratory Flow Rate; FVC: Forced Vital Capacity; PFT: 
Pulmonary Function Test.

REFERENCES
1.  Bonjour S, Adair-Rohani H, Wolf J, Bruce NG, Mehta S, Prüss-Ustün A, et al. 

Solid fuel use for household cooking: Country and regional estimates for 1980-
2010. Environ Health Perspect. 2013;121(7):784-90. doi: 10.1289/ehp.1205987, 
PMID 23674502.

2.  Subramanian SV, Ackerson LK, Subramanyam MA. Health inequalities in India: 
The axes of stratification. Brow J World Aff. 2008;14:127-38.

3.  Pontieri FE, Tanda G, Orzi F, Di Chiara G. Effects of nicotine on the 
nucleus accumbens and similarity to those of addictive drugs. Nature. 
1996;382(6588):255-7. doi: 10.1038/382255a0, PMID 8717040.

4.  Pérez-Stable EJ, Herrera B, Jacob P 3rd, Benowitz NL. Nicotine metabolism and 
intake in black and white smokers. JAMA. 1998;280(2):152-6. doi: 10.1001/
jama.280.2.152, PMID 9669788.

5.  Salvi SS, Manap R, Beasley R. Understanding the true burden of COPD: The 
epidemiological challenges. Prim Care Respir J. 2012;21(3):249-51. doi: 10.4104/
pcrj.2012.00082, PMID 22885564.

6.  Pavithra P, Rajalakshmi KV. Comparative study of mid expiratory flow rate by 
using spirometry in asymptomatic smokers and non-smokers as a marker 
of early airflow obstruction  (Doctoral dissertation, Kilpauk Medical College, 
Chennai).

7.  Bruce N, Perez-Padilla R, Albalak R. Indoor air pollution in developing countries: 
A major environmental and public health challenge. Bull World Health Organ. 
2000;78(9):1078-92. PMID 11019457.

8.  Mathers CD, Loncar D. Projections of global mortality and burden of disease 
from 2002 to 2030. PLOS Med. 2006;3(11):e442. doi: 10.1371/journal.
pmed.0030442, PMID 17132052.

9.  Kirkwood BR, Gove S, Rogers S, Lob-Levyt J, Arthur P, Campbell H. Potential 
interventions for the prevention of childhood pneumonia in developing 
countries: A systematic review. Bull World Health Organ. 1995;73(6):793-8. 
PMID 8907773.

10.  Cohen AJ, Ross Anderson HR, Ostro B, Pandey KD, Krzyzanowski M, Künzli N, 
et al. The global burden of disease due to outdoor air pollution. J Toxicol Environ 
Health A. 2005;68(13-14):1301-7. doi: 10.1080/15287390590936166, PMID 
16024504.

11.  Chockalingam K, Vedhachalam C, Rangasamy S, Sekar G, Adinarayanan S, 
Swaminathan S, et al. Prevalence of tobacco use in urban, semi urban and 
rural areas in and around Chennai city, India. PLOS ONE. 2013;8(10):1-9. doi: 
10.1371/journal.pone.0076005.

12.  Bano R, Mahagaonkar AM, Kulkarni NB, Ahmad N, Nighute S. Study of 
pulmonary function tests among smokers and non-smokers in a rural area. 
Pravara Med Rev. 2009;4(1):11-6.

13.  Tantisuwat A, Thaveeratitham P. Effects of smoking on chest expansion, 
lung function, and respiratory muscle strength of youths. J Phys Ther Sci. 
2014;26(2):167-70. doi: 10.1589/jpts.26.167, PMID 24648624.

14.  Jindal SK, Gupta D, Singh A. Indices of morbidity and control of asthma in adult 
patients exposed to environmental tobacco smoke. Chest. 1994;106(3):746-9. 
doi: 10.1378/chest.106.3.746, PMID 8082352.

15.  Jindal SK, Gupta D, Chattopadhyay S, Kumar L. Environmental tobacco smoke 
exposure precipitates acute exacerbations in non-smoker asthmatics. Lung 
India. 1997;15(4):168-72.

16.  Garg A, Singh MM, Gupta VK, Garg S, Daga MK, Saha R. Prevalence and 
correlates of tobacco smoking, awareness of hazards, and quitting behavior 
among persons aged 30 years or above in a resettlement colony of Delhi, 
India. Lung India. 2012;29(4):336-40. doi: 10.4103/0970-2113.102812, PMID 
23243347.

17.  Abel GA, Hays JT, Decker PA, Croghan GA, Kuter DJ, Rigotti NA. Effects of 
biochemically confirmed smoking cessation on white blood cell count. Mayo 
Clin Proc. 2005;80(8):1022-8. doi: 10.4065/80.8.1022, PMID 16092581.

Cite this article: Kumar V, Narang S, Kumar M, Agarwal A. Correlation of Smoking Index with Mid-expiratory Flow Rate in Tobacco 
Smokers. Int J Clin Exp Physiol. 2022;9(1):48-50.


