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ABSTRACT  

Introduction: This study aimed to evaluate the changes both in the systemic inflammation and in the mucociliary clearance following smoking 

cessation, and their associations with smoking characteristics. 

Methods: A total of 30 cases admitted to Konya Training and Research Hospital, University of Health Sciences, Department of Smoking Cessation 

were recruited, and 27 of them completed the study. Tumor necrosis factor alpha (TNF-α), interleukin (IL) -4, IL-6, IL-8, IL-10 and saccharin 

transit time (STT) was measuredat the beginning and 2 months after smoking cessation. 

Results: We found in this study that STT decreased significantly in 2 months after cessation (p<0.001). In our study, we found that serum TNF-α 

(p=0.035) and IL-8 (p=0.002) levels were decreased significantly at 2 months after quitting when compared with the basal levels. In our study, 

serum IL-6 (p=0.132) and IL-10 (p=0.657) levels did not change significantly in the 2nd month of quitting, when compared to basal levels. 

Conclusion: In this study, two months after smoking cessation, nasal mucosal clearance and systemic inflammatory response especially plasma 

TNF- α and IL-8 levels were improved. We think that further studies with larger sample size and longer follow-up will provide more detailed data 

about the improvements in systemic inflammation. 
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ÖZ 

Giriş: Bu çalışmada, sigara bırakma sonrası, hem sistemik inflamasyonda hem de nasal mukosilier klirensde meydana gelen değişiklikleri ve 

bunların sigara içme özellikleri ile ilişkilerinin değerlendirilmesi amaçlanmıştır. 

Yöntem: Sağlık Bilimleri Üniversitesi Konya Eğitim Araştırma Hastanesi Sigara Bırakma Polikliniğine başvuran 30 vaka çalışmaya dahil edilip 

27 vaka ile çalışma tamamlanmıştır. Tümör nekrozis faktör-alfa (TNF-α), interlökin (IL) -4, IL-6, IL-8, IL-10 ve sakarin geçiş süresi (STT), kayıt 

ve sigara bırakılmasından 2 ay sonra ölçüldü. 

Bulgular: Bu çalışmada, STT’nin sigara bırakıldıktan 2 ay sonra anlamlı olarak kısaldığı görüldü (p <0,001). Serum TNF-α (p = 0,035) ve IL-8 

(p = 0,002) düzeylerinin, bazal seviyelerle karşılaştırıldığında, sigara bıraktıktan sonraki 2. ayda anlamlı olarak azaldığını bulduk. Bazal seviyelerle 

karşılaştırıldığında, sigara bıraktıktan sonraki 2. ayda serum IL-6 (p = 0,132) ve IL-10 (p = 0,657) seviyelerinin değişiminin anlamlı olmadığı 

gözlendi. 

Sonuç: Sigara bırakma işleminden iki ay sonra, nazal mukosiliyer klirens ve sistemik inflamatuar yanıtta, özellikle plazma TNF- α ve IL-8 

düzeylerinde iyileşme görülmüştür. Daha büyük katılımlı ve daha uzun süreli sigara bırakma sonrası yapılan çalışmalarla, sistemik 

inflamasyondaki düzelmelerin daha ayrıntılı gösterilebileceği düşünülmektedir. 

Anahtar Kelimeler: Sistemik inflamasyon, sitokin, sakarin geçiş süresi, sigara bırakma 
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Introduction 
Negative health, social and economic consequences of tobacco use is an important global health problem. Tobacco use is a main global disease 

risk factor and underlying cause of many diseases, death and disability. It is estimated that tobacco use will kill more than 5 million people every 

year worldwide. If current trends continue, tobacco will kill more than 8 million people worldwide every year until 2030, and 80% of these 

premature deaths will occur in developing countries [1]. Quitting smoking has significant favorable effects like decreases in death and stroke risks, 

increases in pulmonary functions, enhances in quality of life, and modifications in immune response by increases in inflammatory mediators [2-

4]. 

 

Nasal mucociliary activity is a proper sign of nasal mucosal functions, and it is a significant defense mechanism of the human organism. 

Mucociliary clearance is the pivotal defense mechanism of the nasal respiratory systems epithelium. Harmful particles are caught in this mucus 

barrier and evacuated from nasal cavity by metacron movement of the cilia [5]. Nasal mucociliary clearance measurements are based on the 

saccharine transit time (STT) method that described in 1988 by Salah et al. [6]. Inhaled cigarette smoke significantly deteriorates the mucociliary 

clearance, which is the basic protection mechanism of the upper and the lower respiratory pathways. Cigarette smoke exerts its effects on 

mucociliary clearance by decreasing the number [7] and the motion [8, 9] of the cilia. 

 

Inflammation is a protective response for the persistence of the organism by preventing the damage by microorganisms or toxins to cells, or by 

eliminating the necrotic and dead tissues that occurred due to damage [10]. Inflammation is related with a series of chronic conditions like 

cardiovascular disease and cancer. Reducing the inflammation may help for prevention or treatment of these diseases [11]. Cytokines are mediators 

that comprise many cell types like CD4+T lymphocytes and activated macrophages. Immature CD4+ T cells (TH0) have potential to differentiate 

into TH1 and TH2 cells, which have ability to secrete different cytokines [12]. Bacterial compounds, immune complexes, toxins, physical damages 

and various inflammatory events can induce cytokine secretion. Cytokines are polypeptides and most important of them in inflammation are 

interleukins (IL) and tumor necrosis factor-alpha (TNF-α). 

 

TNF-α is a strong cytokine that mediates inflammatory and immune reactions [13]. Many cells like activated monocytes, macrophages, and less 

commonly activated T cells, B cells, mast cells, fibroblasts, keratinocytes, kuppfer cells, smooth muscles, synovial cover cells, and basophils 

release TNF-α. TNF-α is primarily produced by macrophages for inflammation, fever, release of stress hormones and acute phase proteins, 

chemotaxis and diapedesis of neutrophils, and activation of macrophages [14, 15]. IL-4 is a strong and multifunctional cytokine that is produced 

by T lymphocytes, mast cells, and basophils for inducing the growth and differentiation of IgE secreting B-lymphocytes. Smoking is associated 

with increased serum IL-4 levels and development of allergy-like symptom risks [16]. 

 

IL-6 is primarily released from vascular endothelial cells, mononuclear phagocytes, fibroblasts, and activated T lymphocytes [17]. Elevated serum 

IL-6 levels are associated with many cancer types, primarily prostate, bladder, colon and breast cancer [18]. IL-8 is a member of chemokine family. 

The source of IL-8 is monocytes, macrophages, fibroblasts, keratinocytes, and endothelium cells. Chemokines affect functions of target cells rather 

than their dominant growth and have an crucial function in migration of specific cells to the tissue damage and inflammation sites [19]. IL-10 is 

formed by activated macrophages and TH2 cells. This is mainly an inhibitor cytokine. It particularly inhibits cytokine production [20]. Rodrigues 

F.M.M. et al. [21]could not determine a change in serum IL-10 levels following 1 month of smoking cessation in their study that included 25 

patients in Brazil. 

 

The compounds of cigarette smoke (especially reactive oxidative particles) activate epithelial intracellular signals that yield inflammatory gene 

activation (IL-8 and TNF-α) [22]. The release of these inflammatory cytokines increase chronic immune cellular inflammation. The increased 

interleukin-6 levels are associated with increased systemic inflammation, cardiovascular disease, and cancer progression risks [11]. Previous 

studies showed that smoking increases the proinflammatory cytokines like TNF-α, IL-6, IL-8, and decreases the anti-inflammatory cytokines like 

IL-10 [23, 24]. 

 

Assessment of association between inflammatory markers and smoking  for explaining the mortality and morbidity due to smoking has gained 

importance recently [11]. For this reason, we aimed to evaluate the changes both in the systemic inflammation and also in the mucociliary clearance 

following smoking cessation, and their associations with smoking related characteristics. 

 

 

Methods 

Study population 

The ethics boards of Selçuk University Medical School approved this study (2016/10). Informed consent forms concordant with the 1964 Helsinki 

declaration and its later amendments were received from each participant before the study. 

 

We excluded the participants <18 and >55 years-of-age; patients with a history of chronic upper and lower respiratory system disease (e.g. chronic 

obstructive pulmonary disease, asthma, bronchiectasis, chronic bronchitis, concha bullosa, cystic fibrosis, Kartegener syndrome, primary ciliary 

dyskinesia, septum deviation, turbinate hypertrophy, allergic rhinitis, atrophic rhinitis, chronic sinusitis, chronic otitis media, nasal discharge, nasal 

polyps);nasal and paranasal operations; patients who had upper and lower respiratory tract infections in the last two months; patients who used 

medications including flunisolide, phenylephrine, epinephrine, lidocaine, atropine, antihistamines, and other drugs that may affect the mucus 

structure and ciliary activity in the last two weeks; other systemic disease (e.g. diabetes mellitus, rheumatoid arthritis, systemic lupus 

erythematosus);  alcohol abuse and pregnant or nursing mothers. 
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A total of 30 participants admitted to Konya Training and Research Hospital, University of Health Sciences Smoking Cessation Department were 

recruited, and 27 of them completed the study. Three participants had high urine cotinine levels (>500 ng/ml was regarded as exposure to smoke 

[25] at the end of second month and excluded from the study. Participants were informed about the study and they completed a form including 

sociodemographic characteristics and smoking habits. Participants that enrolled to smoking cessation program used a combination therapy 

including counselling and bupropion and/or varenicline for a 2-month period. After then, they were asked whether they continue or quit smoking, 

which confirmed by urine cotinine analyses. TNF-α, IL-4, IL-6, IL-8, IL-10, and STT were measured at enrollment and 2nd month follow-up visits. 

 

Laboratory Analysis 

Blood samples taken at the beginning and end of the study were taken immediately into serum separation tubes. Sera were obtained by 

centrifugation at 1500×g for 10 min. The samples were immediately put in the freezer at −80°C. The same process was applied to all the specimens. 

At the end of the study urine samples were frozen at -80 ° C. When the study was completed, cotinine and TNF-α, IL-4, IL-6, IL-8 and IL-10 were 

studied in urine samples and blood samples, respectively. 

 

The concentrations of interleukin IL-4, IL-6, IL-8 ,IL-10 and TNF-α, in human sera were determined using solid phase sandwich ELISA (Diaclone 

SAS, Besancon Cedex, France). The assays were performed as described by the manufacturer. The reported detection limits were 0,70 pg/ml for 

IL-4, 2 pg/ml for IL-6, 29 pg/ml for IL-8, 4,90 pg/ml for IL-10 and 8 pg/ml TNFα. The standard curve fitted between 0 and 35 pg/ml for IL-4, 0 

and 200 pg/ml for IL-6, between 0 and 2000 pg/ml for IL-8, between 0 and 400 pg/ml for IL-10 and 0 and 800 pg/ml for TNF-α,. The Cotinine 

(DRG® Cotinine (Urine) (EIA-1377), USA) microplate ELISA was used for the screening for the presence of cotinine in human urine. 

 

Carbon monoxide (CO) measurement 

CO measurements were done by the piCO Smoker lyzer (0-100 ppm) (Bedfont Scientific, Harrietsham, UK) in the expiratory airflow during the 

confirmation and exclusion of the study participants’ smoking statuses [26].  

 

Smoking characteristics 

The Turkish version of the questionnaire, which was proposed by Prochaska et al. [27] and used in the US for the evaluation, ranking, and 

classification of the stages of change in cessation of smoking and its characteristics, was used for the study participants while the Fagerstrom Test 

for Nicotine Dependence (FTND) questions were used for the scoring and classification of dependence [28]. 

 

Saccharin transit time test 

First, patients were examined by an otolaryngology specialist. Then, saccharine test was performed by the same otolaryngology specialist for 

participants who were eligible for the study. All saccharin tests were performed by the same otorhinolaryngologist blinded to the study under the 

same climatic conditions (room temperature 23˚C, relative humidity 60%) and the participants were rested for 30 minutes before the saccharin 

test. The tests were done while the participants was sitting and holding his head upright. For the test, patients cleaned the secretions in their noses. 

Then, ¼ of a saccharine tablet (¼ of a hermesetas 12.5 mg) was placed just behind the front end of lower concha by a port cotton in nasal cavity. 

Timer was started, and patient was told to sit stable, and not to sneeze, perform eating-drinking movements, drop head, or sniff. At every 30 

seconds, he/she was asked if there was a feeling of taste. The time that participantsfelt taste was recorded as mucociliary clearance time. 

 

Statistical analysis 

Statistical analyses were performed with SPSS (SPSS Inc., Chicago, IL, USA,) version 21.0 software. Numbers, percentages, means, and standard 

deviation were used for data presentation.  Paired t-test were used for data analyses between the groups of the study. A p value<0.05 was considered 

statistically significant. 

 

 

Results 
A total of 27 participants were included in the final data analyses. The mean age was 44.6±8.50 years (min-max: 29-55 years; median: 47 years), 

and the mean BMI was 27.10±3.70 kg/m2 (min-max: 18.30-32.50 kg/m2; median: 27.70 kg/m2). Female to male ratio was 22.20% (n=6) to 77.80% 

(n=21), respectively, and all were living in urban areas. The distribution of education levels was as 25.92% (n=7) elementary school, 11.11% (n=3) 

secondary school, 44.44% (n=12) high school, and 18.51% (n=5) vocational college or university.The smoking characteristics of participants at 

enrollment are presented in Table 1. 

 

Mean CO level of patients was 4.80±2.40 ppm, and 2nd month urine cotinine level was 168.4±91.50 ng/ml (min-max: 40.20-403.20 ng/ml; median: 

158.90 ng/ml). STT, TNF-α, IL-4, IL-6, IL-8, and IL-10 levels of participants at enrollment and after quitting are presented in Table 2. 

 

Comparison of STT, TNF-α, IL-4, IL-6, IL-8, and IL-10 levels of participants according to tobacco use by pack-years are presented in Table 3. 

 
Comparison of STT, TNF-α, IL-4, IL-6, IL-8, and IL-10 levels of participants according to tobacco use by yearsare presented in Table 4. 
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Table 1. The smoking characteristics of patients at enrollment. 

Smoking characteristics 

(n=27) 
Mean ±SD Median Min-Max 

Onset of smoking age 17.14±4.18 15 7-26 

Cigarettes/day 24.29±9.27 20 10-40 

Years of smoking 27.29±9.47 30 10-43 

Pack. Years 29.75±13.41   27 10-65 

FTND 6.40±2.22 7 2-10 

 

 

Table 2. Comparison of STT, TNF-α, IL-4, IL-6, IL-8, and IL-10 levels of patients at enrollment and after quitting. 

 Enrollment 2nd month t / Z p 

STT (min) 1 7.92± 2.42 5.21± 2.74 5.172* <0.001 

TNF alfa2 25.00 (18.14-49.26) 22.55 (15.69-31.13) -2.103** 0.035 

IL-4 (pg/ml) 1 0.63± 0.12 0.67± 1.11 -2.178* 0.039 

IL-6 (pg/ml) 1 6.53± 0.87 6.81± 0.81 -1.556* 0.132 

IL-8 (pg/ml) 2 28.24 (17.87-64.16) 22.63 (18.06-72.26) -3.099** 0.002 

IL-10 (pg/ml) 2 7.27 (5.82-15.21) 7.50 (5.80-17.27) -4.443** 0.657 

*Paired T test, **Wilcoxon test 

 

 

Table 3. Comparison of STT, TNF-α, IL-4, IL-6, IL-8, and IL-10 levels of patients according to tobacco use by pack-years. 

 ≤ 20 pack. years 

(n=8) 

≥ 21 pack. years 

(n=19) 

Enrollment 2nd month t/Z p Enrollment 2nd month t p 

STT (min)1 8.67±2.30 5.24±3.48 2.902* 0.023 7.60±2.46 5.20±2.47 4.277 <0.001 

TNF alfa2 28.89±8.77 24.38±3.11 1.921** 0.096 24.11±4.40 23.09±4.05 1.125 0.275 

IL-4 (pg/ml)1 0.66±0.14 0.73±0.13 -2.644* 0.033 0.62±0.11 0.65±0.09 -1.200 0.246 

IL-6 (pg/ml)1 6.33±0.56 6.77±1.02 -0.946* 0.376 6.62±0.97 6.83±0.74 -1.223 0.237 

IL-8 (pg/ml)2 31.31±9.62 29.61±17.58 0.538** 0.607 30.98±11.87 22.76±3.42 2.875 0.010 

IL-10 (pg/ml)2 7.76±1.73 7.52±0.36 0.361** 0.728 8.16±2.23 7.99±2.45 0.726 0.477 

*Paired T test, **Wilcoxon test 

 

 

Table 4. Comparison of STT, TNF-α, IL-4, IL-6, IL-8, and IL-10 levels of patients according to tobacco use by years 

 ≤ 20 years 

(n=9) 

≥ 21 years 

(n=18) 

 Enrollment 2nd month t/Z p Enrollment 2nd month t p 

STT (min)1 8.59±1.73 5.38±2.92 2.722* 0.026 7.58±2.68 5.13±2.73 4.562 <0.001 

TNF alfa2 27.92±3.01 24.53±2.17 3.589** 0.007 24.33±7.14 22.94±4.34 1.017 0.323 

IL-4 (pg/ml)1 0.59±0.07 0.68±0.07 -4.580* 0.002 0.65±0.14 0.67±0.12 -0.801 0.434 

IL-6 (pg/ml)1 6.37±0.76 6.43±0.49 -0.168* 0.871 6.61±0.93 7.00±0.88 -1.855 0.081 

IL-8 (pg/ml)2 31.75±10.53 23.16±3.76 2.238** 0.056 30.74±11.62 25.60±12.10 1.811 0.088 

IL-10 (pg/ml)2 7.66±1.66 7.37±0.31 0.534** 0.608 8.22±2.27 8.09±2.50 0.524 0.607 

*Paired T test, **Wilcoxon test 

 

 

Discussion 
Smoking is associated with a wide spectrum of variation in systemic immune and inflammation marker levels between older, long-term smokers. 

As a result of smoking cessation, the level of systemic immune and inflammation of individuals decreases over time to the level of people who 

never smoked [29]. Previous studies showed that tobacco use deteriorates mucociliary activity [30, 31]. Ramos et al.[ 32] conducted a study with 

33 participants in Brazil, and found that saccharin transit time shortens after 15 days from cessation. Another study from Brazil with 33 patients 

was conducted by Utiyama et al. [33] and authors reported that quitting provides rapid improvement in nasal mucociliary clearance independently 

from mucus characteristics and inflammation. In the present study that saccharin transit times shortened significantly 2 months after cessation. 

 

The number of studies that evaluated changes in systemic inflammation characteristics following smoking cessation is very limited.  Long-time 

smoking induces airway inflammation that characterized by neutrophil, macrophage, and activated T lymphocyte infiltration, and increases the 

TNF-α, IL-6 and IL-8 concentrations [34-37]. Tanni et al. [38] found that serum TNF-α levels were higher in smokers than non-smokers. Natural 

killer cells generate significantly less IFN-y and TNF-α on activation in smokers when compared to non-smokers [39].Cigarette smoke 

components, especially ROS, activate epithelial cell intracellular signaling cascades as a consequence lead to inflammatory gene activation [e.g., 

IL-8 or IL-8 and TNF-α] [40, 41]. 
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Diez et al.[42] conducted a study in Spain with 51 patients, and found that TNF-α levels were higher in smokers than non-smokers. Braber et al. 

[43] found in their study that the proinflammatory cytokines IL-1, IL-12 and TNF-α levels were increased in broncho-alveolar lavage of rats after 

an exposure to cigarette smoke for 20 weeks. In the same study, IL-1a and TNF-α levels were found to be decreased to basal levels at 8 weeks 

after the elimination of the smoke. Rodrigues et al. [21] conducted a study in Brazil with 25 patients, and found that TNF-α levels decreased 

significantly in patients who quit smoking for 30 days when compared to active smokers. In our study, we found that serum TNF-αlevels were 

decreased significantly at 2 months after quitting when compared with the basal levels. 

 

Merghani et al. [44] evaluated the second-hand smoke exposure of Sudanese children at home, and found that these children had elevated serum 

levels of IL-4 and TNF-α. Kim. et al. [45] conducted a study on 25 participants in USA, and found that smokers had higher levels of IL-4 when 

compared to non-smokers and patients with chronic obstructive pulmonary disease. In the present study serum IL-4 levels were significantly 

increased at 2 months after quitting. 

 

Mendal et al. [46] reported that serum IL-6 levels were increased in smokers. However, Rodrigues et al. [21] found that quitters and active smokers 

had similar IL-6, IL-8, and IL-10 levels, and they mentioned that 30 days was a relatively short period for quitting. Similarly, Van Keulen et al. 

[47] found in their study in Brazil that serum levels of TNF-α, IL-1, IL-6, IL-8, IL-10 and IL-12 were similar at 4th month of quitting when 

compared to basal levels. In the present study, serum IL-6 and IL-10 levels did not change significantly at 2nd month of quitting, when compared 

to basal levels. This may be related with the small sample size and relatively short duration of 2 months of quitting. 

 

Holvorsen et al. [48] conducted a study in Norway with 41 patients, and found that IL-8 gene expression was decreased, and IL-6 and TNF-α 

concentrations did not changed after 1 year of follow-up. In another study with 25 patients in Holland, Willemse et al. [49] found that IL-8 levels 

in sputum were significantly decreased at 1 year after quitting. In our study, serum IL-8 levels were significantly decreased after 2 months from 

quitting. 

 

 

Conclusion 
Nasal mucociliary response and systemic inflammatory response, particularly plasma TNF-α and IL-8 levels improve significantly at 2 months 

after quitting. We think that, further studies with larger sample size and longer follow-up will provide more detailed data about the improvements 

in systemic inflammation. 
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