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ABSTRACT 

Background: Smokeless tobacco products are highly addictive and contain over 4,000 chemical compounds with 30 

known carcinogens. These products are known to be strongly linked with various systemic and localized health 

conditions. Smokeless tobacco users' pulmonary function hasn't been thoroughly documented yet. The purpose of the 

study was to assess the lung function tests associated with inflammatory markers among smokeless tobacco users. 

Material and methods: 80 subjects were recruited, 40 from the smokeless tobacco user group and 40 from the control 

group with no tobacco use. Nicotine dependence was assessed using the Fagerstrom Nicotine Dependence scale 

(FTND-ST). Lung function tests, White blood cell counts, neutrophil lymphocyte ratio (NLR), and high-sensitivity 

C-reactive protein (hs-CRP) levels were measured in all participants. 

Results: Lung function parameters, which include FVC, FEV1, FEV1/FVC%, PEFR, and FEF 25–75% were 

significantly reduced in smokeless tobacco users. Smokeless tobacco users had significantly higher levels of 

inflammatory markers, including WBC, NLR, and hs-CRP, than controls. Further, NLR levels were elevated in the 

significant nicotine-dependent group derived from FTND-ST compared to users with low and moderate dependence. 

However, no correlation was found between the inflammatory markers and pulmonary function test results. 

Conclusion:This study concluded that smokeless tobacco use can cause lung function deterioration with an increase 

in inflammatory markers. 

 

KEYWORDS. Smokeless tobacco users, pulmonary function tests, highly sensitive C-reactive protein, inflammatory 

markers. 

 

INTRODUCTION 

In India, chewing tobacco or smokeless tobacco (SLT) has been an extremely addictive habit for people of all ages 

and poses a serious risk to systemic health. According to recent data, 267 million people in India consume tobacco 

products annually, with 1.35 million deaths attributed to tobacco-related illnesses.[1] Among the Indian population, 

10.38% of individuals are smokers, while 21.38% use smokeless tobacco products (SLT), demonstrating a higher 

prevalence of smokeless tobacco usage than smoking.[2] 

Hans, gutkha khaini, betel quid with tobacco, and zarda are among the many forms of SLT products that are available. 

These products are typically placed in the oral cavity, allowing nicotine and other harmful substances to be absorbed 

into the bloodstream via the mucosal lining. Owing to their composition and mode of absorption, nicotine from 

smokeless tobacco (SLT) remains in the body longer than that from smoking, prolonging its harmful effects. Chronic 

exposure to smokeless harmful chemicals triggers the release of proinflammatory cytokines, including interleukin 1 

& 6 and tumor necrosis factor-alpha (TNF-α). These cytokines stimulate the liver to release C-reactive protein (CRP), 

an established biological marker for systemic inflammation.[3] These items are linked to a variety of local and systemic 

health problems, such as cancers of the stomach, pancreas, esophagus, and mouth, as well as cardiovascular disorders 
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and stroke.[4]The physiological insults caused by smokeless tobacco have been well documented for inflammation, 

stroke, cancer, immune cells, as well as for cardiovascular disease.[5] However, its effects on lung function have not 

been explored yet. 

Nicotine has deleterious effects on respiratory function by acting locally in smokeless tobacco users. However, in 

addition to local effects, nicotine stimulates the vagal reflex and parasympathetic ganglia as well as leading to 

increased bronchial secretions and airway resistance.[6]   Over time, these changes contribute to a decline in lung 

function. 

A critical indicator of inflammation and immune dysregulation is the NLR.[7] This ratio is increasingly being used to 

evaluate systemic inflammation and immune compromise. A higher NLR acts as a prognostic indicator for several 

pathologies, including colorectal, breast, and stomach cancers, and has been linked to several illnesses, including 

infections and pulmonary and cardiovascular disorders.[8] 

Even though differences in chronic inflammatory markers in smokers and SLT users have been evaluated for 

cardiovascular health. [9] Yet there is a paucity of literature evaluating their effect on pulmonary function. Given the 

widespread prevalence of SLT use, systemic inflammatory effects of nicotine, and the indirect effects of nicotine on 

respiratory function, we hypothesized that smokeless tobacco can also have a deleterious impact on pulmonary 

function, which will be associated with a rise in inflammatory markers. Due to the limited research on this relationship 

in smokeless tobacco (SLT) users, this study aimed to address this gap.  

 

MATERIALS AND METHODS 

This analytical cross-sectional study was approved by the Institutional Ethics Committee which was carried out 

between April 2024 and January 2025. The study's sample size was determined by comparing the two groups' FEF25–

75% mean and standard deviations from a prior study.[10] 40 subjects per group were sufficient to detect the determined 

effect size in the parameters at a 5% level of significance with 80% power of the study. 

After taking informed consent, forty male participants aged 25–45 years were recruited in each group through 

purposive sampling. The study group comprised 40 volunteers who had been consuming any of the smokeless tobacco 

products for at least one year, as given by WHO guidelines.[11]  The control group consisted of an equal number of 

non-tobacco users. Participants with respiratory diseases such as asthma, COPD, bronchitis, tuberculosis, or COVID-

19, those working in dust-prone environments (such as textile mills, cement factories, and coal factories), suffering 

from any inflammatory or having recovered from any recent infection and those undergoing immunosuppressive 

treatments were excluded. 

Physical parameters, age, height, weight, and BMI, were measured for all participants. Nicotine dependence among 

SLT users was evaluated using the FTND-ST questionnaire. FTND-ST is a well-established scale for quantifying 

nicotine dependence in SLT users with a good reliability score (Cronbach’s α = 0.72).[12] Significant dependence is 

indicated by a score of 5 or greater, which denotes a severe nicotine addiction. On the other hand, low to 

moderate dependence on nicotine products is indicated by a score of 4 or lower. 

Forced vital capacity (FVC), forced expiratory volume in the first second (FEV1), FEV1/FVC ratio, peak expiratory 

flow rate (PEFR), and forced expiratory flow at 25–75% were all recorded with the MIR Spirobank Oxi spirometer 

for the pulmonary function test (PFT). According to the guidelines of the ATS/ERS.[13]  

 5 mL venous blood samples were drawn from each participant's antecubital veins for analysis of biochemical and 

immunological function. 2 mL was used for complete blood count (CBC), while the remaining 3 mL was stored at –

20°C and used later for analysis of hs-CRP levels. hs-CRP levels were measured using the Diagnostic Biochem Canada 

Inc. (DBC) kit using enzyme-linked immunosorbent assay (ELISA). 

 

Statistical analysis:  

The data were analyzed using SPSS  26. The Kolmogorov-Smirnov tests were used to determine whether the data 

were normal. Two-tailed tests of significance were used, and a p value of less than 0.05 was considered as significant. 

An independent t-test was used to compare the results of the pulmonary function test, and the Mann-Whitney test was 

used to compare the two groups' inflammatory marker levels 

 

RESULTS 

No difference was in physical parameters. 

 

Table 1. Describe the baseline characteristics of the participants 

Physical Parameters Smokeless tobacco users  

(n =40) 

Mean + SD 

Control  

(n =40) 

Mean + SD 

P value 

Age (yrs) 38.3 + 7.1 39.1 + 8.2 0.68 
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Height(cm) 168.2 + 6.9 165.1 + 7.6 0.1 

Weight(kg) 69.8 + 13.9 68.3 + 13.6 0.6 

BMI (kg/m2) 24.3 + 4.8 24.9 + 3.5 0.5 

 

 Inflammatory markers significantly higher white blood cell count (p.value = 0.0001) and NLR (p.value = 0.003) in 

Smokeless tobacco users. hs-CRP level was also significantly higher (p value = 0.02) in the SLT group Table 2. 

 

Table 2. Assessment of inflammatory markers among smokeless tobacco users and controls 

 Inflammatory markers 

Smokeless tobacco users 

(n=40) 

Median (IQR)  

Controls  

(n=40) 

Median (IQR)  

P.Value 

WBC (cells / cumm)  8700 (4130)  7200(1350)  0.0001* 

NLR% 1.5 (0.6) 1.3 (0.5) 0.003* 

hs – CRP (mg/dl) 2.2 (6.1) 1.2 (1.7) 0.02* 

       WBC – White Blood Cells, NLR – Neutrophil Lymphocyte Ratio, hs- CRP- high–sensitive C-reactive protein. 

 

FVC (p = 0.001), FEV1 (p value =0.040), FEV1/FVC ratio (p = 0.006), PEFR (p = 0.01) and FEF25–75% (p = 0.004) 

were significantly lower in smokeless tobacco users. FVC no significant difference in percentage predicted. However, 

FEV1% (p=0.01) and FEV1/FVC% % (p=0.001), PEFR% (p=0.0001) and FER25-75% (p=0.004) were significantly 

lower in SLT users than the controls. The result is provided in Tables 3 and 4. 

 

Table 3. Comparison of observed values of lung function parameters between smokeless tobacco users and 

controls 

PFT Parameters 
Smokeless tobacco users 

 (n=40) Mean + SD 

Control (n=40) 

Mean + SD 
P value 

FVC (L) 3.1+0.5 3.6+0.4 0.001* 

FEV1 (L) 2.8+0.5 3.0+0.3 0.040* 

FEV1/FVC % 78.1+7.6 82.4+2.9 0.006* 

PEFR(L/M) 460+108 512+60 0.01* 

FER25-75(L/S) 3.0+0.9 3.6+0.60 0.004* 

      FVC, forced vital capacity; FEV1, Forced Expiratory Volume in the first second; PEFR - Peak Expiratory Flow 

Rate, FEF25-75, forced expiratory flow between 25% and 75%. 

 

Table 4: Percentage predicted values of lung function parameters are compared between smokeless tobacco 

users and controls. 

PFT Parameters Smokeless Tobacco Users  

(n = 40) Mean ± SD 

Control   

(n = 40)Mean ± SD 

P-Value 

FVC (%) 89.9 ± 11.3 90.4 ± 7.3 0.08 

FEV1 (%) 82.6 ± 9.6 87.7 ± 7.8 0.01* 

FEV1/FVC (%) 92.9 ± 10.9 99.9 ± 6.1 0.001* 
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PEFR (%) 87.6 ± 20.4 99.9 ± 6.1 0.0001** 

FER25–75 (%) 73.1 ± 24.8 86.2 ± 12.0 0.004* 

 

Given the differences in inflammatory and lung function parameters, further analysis was done to explore any 

association between inflammatory markers and lung function parameters in smokeless tobacco users.  No correlation 

was found between hs-CRP, NLR and WBC count with lung function parameters.  

Further evaluation was done by grouping SLT users based on nicotine addiction by using the FTND-ST scale. FTND-

ST revealed that 23 participants in the SLT group had significant nicotine dependence, while 17 participants exhibited 

low to moderate level dependence. The NLR ratio was found to be significantly higher in SLT users with significant 

dependence (Fig. 1). However, the rest of the parameters, including pulmonary function and other inflammatory 

markers, were similar in both groups. 

 
Figure: 1: Comparison of NLR based on nicotine dependence 

 

DISCUSSION 

The current study compared the lung function parameters and inflammatory markers of healthy smokeless tobacco 

users with those of people not using tobacco in any form. Previously, very few studies have assessed the pulmonary 

function in smokeless tobacco users. The current investigation's findings align with those of earlier research. [14 -16] 

However, Pramanik et al included subjects with a very wide age range of 18-70 years and did not comment on the 

age-normalized data of pulmonary function parameters.10 It has been suggested before that smokeless tobacco products 

contain numerous toxic substances that cause oxidative stress and airway obstruction. Oxidative stress, caused by 

reactive oxygen species from tobacco, damages respiratory epithelial cells, disrupts the protease-antiprotease balance, 

and promotes airway remodeling. In addition, oxidative stress damages antioxidant defense systems and causes 

inflammation, direct cell damage, and the inactivation of antiproteases.[17] 

The current study's findings on inflammatory markers were consistent with earlier studies that reported an elevated 

WBC count.[18-20] and hsCRP levels [21] in SLT users compared with non-tobacco users.  While it is not the case for 

never smokers, a higher baseline hsCRP is associated with a higher risk of developing COPD in chronic smokers. hs-

CRP is a well-established indicator of systemic inflammation. [22] 

The NLR in peripheral blood is a reflection of systemic inflammation and immunity. Increased NLR is related to 

mortality caused by various lower respiratory tract diseases.[23] Our study found that SLT users had an increased NLR, 

which was reported in other studies. NLR was also considerably higher in SLT users with significant dependence than 

in those with low to moderate dependence, based on the subgroup analysis.  

Although our study reveals that SLT users had higher levels of hsCRP and NLR, there was no association between 

these two parameters and lung function parameters. This is consistent with a few previous studies, which have not 

found any correlation.[24,25]   However, other studies have found a negative correlation between hsCRP and pulmonary 

function tests.[26,23] Similarly reported that NLR is associated with a decline in lung function, particularly in conditions 

like COPD [27] and pulmonary fibrosis.[28] However, there are no studies available that have explored this relationship 

in SLT users. 

In our study, it might be that NLR and hsCRP did not show any correlation with pulmonary function because even 

though there was a reduction in lung function on smokeless tobacco users, yet it was not of the severity in that can be 
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diagnosed as suffering from obstructive or restrictive disease. On the other hand, pulmonary function impairment in 

SLT users may be primarily due to localized inflammation and bronchoconstriction induced by the toxic components 

of smokeless tobacco, thus not associated with the systemic markers of inflammation. It has been found that nicotine 

stimulates nicotinic acetylcholine receptors (nAChRs) on sensory nerves in the airway, which can trigger neurogenic 

inflammation. This can increase bronchial reactivity and mucus production, indirectly affecting lung function.[29]  

Nonetheless, NLR and hsCRP may be early markers of deterioration of lung function. Since NLR and PFT are non-

expensive investigations, they can be used to counsel SLT users for the underlying harmful effects of SLT, which can 

later manifest as other grave diseases as well. 

One strength of our study is that first to report which has analyzed the relationship between inflammatory biomarkers 

and lung function parameters in SLT users. Though previous studies have considered the parameters alone, none have 

analyzed the association. Also, the study used nicotine dependence to analyze the PFT and inflammatory markers. 

This is important since in people with significant nicotine addiction, the continuously elevated nicotine levels in blood 

affect the functions differently compared to people with low to moderate dependence, in whom the bodily defense 

mechanisms have some window period for repair.  

The present study has certain limitations. First, we used a subjective questionnaire to categorize nicotine addiction. 

Had we assessed nicotine blood levels, it would have provided a better objective mechanism with less response bias. 

Secondly, we did not assess for oxidative stress markers which have been hypothesized to have a role in the 

deterioration of pulmonary function. We recommend that in future studies, these parameters be taken into account to 

elucidate the effects of nicotine on lung function. 

 

CONCLUSION 

Overall, suggests that even SLT can cause lung function deterioration with an increase in inflammatory markers. The 

observed nicotine addiction and the harmful health effects of smokeless tobacco on pulmonary function underscore 

the need for effective interventions to mitigate these risks. 

 

REFERENCES 

1. Rai B, Bramhankar M. Tobacco use among Indian states: key findings from the latest demographic health survey 

2019–2020 [Internet]. Tobacco Prevention & Cessation. 2021 [cited 2025 Oct 28]. Available from: https: // www. 

tobacco prevention cessation. com/Tobacco-use-among-Indian-states-Key-findings-from-the-latest-demographic-

health-survey,132466,0,2.html. 

2. Tata Institute of Social Sciences, Ministry of Health and Family Welfare, Government of India, World Health 

Organization, Centers for Disease Control and Prevention. Global Adult Tobacco Survey (GATS) India 2016–17 

[Internet]. Mumbai: TISS; 2017 [cited 2025 Apr 16]. Available from: https: // www. who .int / tobacco / surveillance 

/survey / gats /india /en / 

3. Lin M, Huang J, Zhu J, Shen H. Elevated pre-treatment levels of high sensitivity C-reactive protein as a potential 

prognosticator in patients with colorectal cancer. Exp Ther Med. 2013;6(6):1369-74. 

4. Shrotriya S, Walsh D, Bennani-Baiti N, Thomas S, Lorton C. C-reactive protein is an important biomarker for 

prognosis, tumor recurrence and treatment response in adult solid tumors: a systematic review. PLoS One. 

2015;10(12):e0143080. 

5. Fujiwara Y, Karol AB, Joshi H, Reford E, Izadmehr S, Doroshow DB, et al. C-reactive protein (CRP) as a 

prognostic biomarker in patients with urothelial carcinoma: a systematic review and meta-analysis. Crit Rev Oncol 

Hematol. 2024;197: 104352. 

6. Hansson L, Choudry NB, Karlsson JA, Fuller RW. Inhaled nicotine in humans: effect on the respiratory and 

cardiovascular systems. J Appl Physiol (1985). 1994;76(6):2420-7. 

7. Angkananard T, Anothaisintawee T, McEvoy M, Attia J, Thakkinstian A. Neutrophil lymphocyte ratio and 

cardiovascular disease risk: a systematic review and meta-analysis. Biomed Res Int. 2018;2018: 2703518. 

8. Firment J, Hulin I. Zahorec index or neutrophil-to-lymphocyte ratio, valid biomarker of inflammation and immune 

response to infection, cancer and surgery. Bratisl Lek Listy. 2024;125(2):75-83. 

9. Yao Z, Tasdighi E, Dardari ZA, Jha KK, Osuji N, Rajan T, et al. Differential associations of cigar, pipe, and 

smokeless tobacco use versus combustible cigarette use with subclinical markers of inflammation, thrombosis, and 

atherosclerosis: the Cross-Cohort Collaboration-Tobacco Working Group. Circulation. 2025; 151(14):993-1005. 

10. Pramanik P, Ghosh M, Choudhary A, Ghosh B, Ganguli IN. Effect of khaini, a form of smokeless chewing tobacco, 

on pulmonary functions. Indian J Physiol Pharmacol. 2013;57(1):84-6. 

11. World Health Organization. WHO clinical treatment guideline for tobacco cessation in adults [Internet]. Geneva: 

World Health Organization; 2024 [cited 2025 Apr 16]. Available from: 

https://www.who.int/publications/i/item/9789240096431 

12. Mushtaq N, Beebe LA. Psychometric properties of Fagerström Test for Nicotine Dependence for Smokeless 

Tobacco Users (FTND-ST). Nicotine Tob Res. 2017;19 (9):1095-101. 

https://www.tobaccopreventioncessation.com/Tobacco-use-among-Indian-states-Key-findings-from-the-latest-demographic-health-survey,132466,0,2.html
https://www.tobaccopreventioncessation.com/Tobacco-use-among-Indian-states-Key-findings-from-the-latest-demographic-health-survey,132466,0,2.html
https://www.tobaccopreventioncessation.com/Tobacco-use-among-Indian-states-Key-findings-from-the-latest-demographic-health-survey,132466,0,2.html
https://www.who.int/tobacco/surveillance/survey/gats/india/en/
https://www.who.int/tobacco/surveillance/survey/gats/india/en/
https://www.who.int/publications/i/item/9789240096431


Genetics and Molecular Research 25 (3): 2026                                   6 

13. Graham BL, Steenbruggen I, Miller MR, Barjaktarevic IZ, Cooper BG, Hall GL, et al. Standardization of 

spirometry 2019 update. An official American Thoracic Society and European Respiratory Society technical 

statement. Am J Respir Crit Care Med. 2019;200 (8):e70-e88. 

14. Shindhe VM, Shindhe MM, Kulkarni NS, Mehvish M, Javali SB, Balikai FB, et al. A study on effect of smokeless 

tobacco on pulmonary function tests in class IV workers of USM-KLE International Medical Programme, Belagavi. 

Int J Curr Res Rev. 2020;12(14):23-7. 

15. Gupta A, Goyal K, Gupta R. Pulmonary functions in smokeless tobacco users in Haryana. Int J Health Sci Res. 

2016;6 (6):106-12. 

16. Choudhary AK, Qudeer A. Smokeless tobacco: risk factor for cardiovascular and breathing disorders in young 

Indian adolescents. Hipertens Riesgo Vasc. 2019;36(4):176-83. 

17. Li XY, Gilmour PS, Donaldson K, MacNee W. Free radical activity and pro-inflammatory effects of particulate 

air pollution (PM10) in vivo and in vitro. Thorax. 1996;51 (12):1216-22. 

18. Biswas S, Manna K, Das U, Khan A, Pradhan A, Sengupta A, et al. Smokeless tobacco consumption impedes 

metabolic, cellular, apoptotic and systemic stress pattern: a study on government employees in Kolkata, India. Sci 

Rep. 2015;5:18284. 

19. Memon SM, Kumar N, Rahman AAU, Syed BM. Evaluation of C-reactive protein and hematological parameters 

in smokeless tobacco users: a comparative cross-sectional study. Pak J Med Sci. 2021;37 (4):983-7. 

20. Shukla AK, Khaitan T, Gupta P, Naik SR. Smokeless tobacco and its adverse effects on hematological parameters: 

a cross-sectional study. Adv Prev Med. 2019;2019: 3182946. 

21. Rezk-Hanna M, Warda US, Stokes AC, Fetterman J, Li J, Macey PM, et al. Associations of smokeless tobacco 

use with cardiovascular disease risk: insights from the Population Assessment of Tobacco and Health Study. Nicotine 

Tob Res. 2022;24 (7):1063-70. 

22. Lim SY, Zhao D, Guallar E, Chang Y, Ryu S, Cho J, et al. Risk of chronic obstructive pulmonary disease in healthy 

individuals with high C-reactive protein levels by smoking status: a population-based cohort study in Korea. Int J 

Chron Obstruct Pulmon Dis. 2019;14: 2037-46. 

23. Hancox RJ, Poulton R, Greene JM, Filsell S, McLachlan CR, Rasmussen F, et al. Systemic inflammation and lung 

function in young adults. Thorax. 2007; 62 (12):1064-8. 

24. Fogarty AW, Jones S, Britton JR, Lewis SA, McKeever TM. Systemic inflammation and decline in lung function 

in a general population: a prospective study. Thorax. 2007;62 (6):515-20. 

25. Jiang R, Burke GL, Enright PL, Newman AB, Margolis HG, Cushman M, et al. Inflammatory markers and 

longitudinal lung function decline in the elderly. Am J Epidemiol. 2008;168 (6):602-10. 

26. Shaaban R, Kony S, Driss F, Leynaert B, Soussan D, Pin I, et al. Change in C-reactive protein levels and FEV1 

decline: a longitudinal population-based study. Respir Med. 2006;100 (12):2112-20. 

27. Lee H, Um SJ, Kim YS, Kim DK, Jang AS, Choi HS, et al. Association of the neutrophil-to-lymphocyte ratio with 

lung function and exacerbations in patients with chronic obstructive pulmonary disease. PLoS One. 2016;11 

(6):e0156511. 

28. Nathan SD, Mehta J, Stauffer J, Morgenthien E, Yang M, Limb SL, et al. Changes in neutrophil-lymphocyte or 

platelet-lymphocyte ratios and their associations with clinical outcomes in idiopathic pulmonary fibrosis. J Clin Med. 

2021;10 (7):1427. 

29. Gundavarapu S, Wilder JA, Mishra NC, Rir-Sima-Ah J, Langley RJ, Singh SP, et al. Role of nicotinic receptors 

and acetylcholine in mucous cell metaplasia, hyperplasia, and airway mucus formation in vitro and in vivo. J Allergy 

Clin Immunol. 2012; 130 (3):770-80. 

 

  


