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ABSTRACT 
Background: 
Smoking is a significant risk factor for periodontal disease and can influence the host's immune response. Salivary 
cytokines are biomarkers that reflect the inflammatory status in periodontal conditions. Non-surgical periodontal 
therapy (NSPT) has been shown to improve periodontal health, but its effect on salivary cytokine expression in 
smokers remains underexplored. This study aims to evaluate the changes in salivary cytokine levels after NSPT 
in smokers over a clinical follow-up period. 
Materials and Methods: 
A total of 40 smokers with moderate to severe chronic periodontitis were included in the study. Participants 
underwent NSPT, which included scaling and root planing. Saliva samples were collected at baseline, 3 months, 
and 6 months post-therapy. The levels of pro-inflammatory cytokines (IL-1β, IL-6, TNF-α) and anti-inflammatory 
cytokines (IL-10) were measured using enzyme-linked immunosorbent assay (ELISA). Periodontal clinical 
parameters, including probing pocket depth (PPD) and clinical attachment level (CAL), were recorded at each 
follow-up. 
Results: 
At 3 months, there was a significant reduction in the levels of IL-1β (from 20.5 ± 2.4 pg/mL to 14.3 ± 1.8 pg/mL, 
p<0.05) and TNF-α (from 18.7 ± 2.3 pg/mL to 12.6 ± 1.9 pg/mL, p<0.05), along with an increase in IL-10 levels 
(from 5.2 ± 0.7 pg/mL to 8.9 ± 1.0 pg/mL, p<0.05). By 6 months, further reductions in IL-1β and TNF-α were 
observed (12.1 ± 1.5 pg/mL and 10.2 ± 1.3 pg/mL, respectively), while IL-10 levels continued to rise (10.5 ± 1.2 
pg/mL, p<0.05). Improvements in periodontal parameters, with PPD reduced from 5.6 ± 0.5 mm at baseline to 
3.2 ± 0.4 mm at 6 months, were also noted. 
Conclusion: 
NSPT significantly reduces pro-inflammatory salivary cytokines and enhances anti-inflammatory cytokine levels 
in smokers with periodontitis. These findings suggest that NSPT not only improves clinical periodontal outcomes 
but also modulates the local inflammatory response in smokers. 
Keywords: 
Non-surgical periodontal therapy, smokers, cytokines, periodontitis, salivary biomarkers, inflammation, clinical 
follow-up. 
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Introduction 
Periodontal disease is a prevalent chronic inflammatory condition affecting the supporting structures of the teeth, 
including the gingiva, periodontal ligament, and alveolar bone. It is initiated by the accumulation of microbial 
biofilm and exacerbated by host immune responses, leading to tissue destruction and, eventually, tooth loss if left 
untreated (1,2). Smoking is a well-established risk factor for periodontal disease, with smokers exhibiting a higher 
prevalence, severity, and rate of progression of periodontitis compared to non-smokers (3). The adverse effects of 
smoking on periodontal health are attributed to several mechanisms, including impaired immune responses, 
reduced healing capacity, and alterations in the subgingival microbial flora (4,5). 
Cytokines play a crucial role in the pathogenesis of periodontal disease by mediating the inflammatory response. 
Pro-inflammatory cytokines such as interleukin-1 beta (IL-1β), interleukin-6 (IL-6), and tumor necrosis factor-
alpha (TNF-α) contribute to tissue destruction and bone resorption, while anti-inflammatory cytokines like 
interleukin-10 (IL-10) help regulate and resolve inflammation (6,7). Salivary cytokines serve as non-invasive 
biomarkers for monitoring the inflammatory status in periodontal disease, providing insights into disease activity 
and response to treatment (8). 
Non-surgical periodontal therapy (NSPT), which includes scaling and root planing, is the primary treatment 
approach for periodontitis, aiming to reduce the microbial load and inflammation (9). While the clinical benefits 
of NSPT are well-documented, its impact on salivary cytokine expression, particularly in smokers, remains 
underexplored. Previous studies suggest that smokers may have an altered cytokine profile that could affect the 
outcome of periodontal therapy (10,11). Understanding the changes in salivary cytokine levels following NSPT 
in smokers could provide valuable information on the efficacy of treatment and the underlying immunological 
mechanisms. 
This study aims to evaluate the effects of NSPT on the expression of salivary cytokines in smokers with 
periodontitis over a clinical follow-up period, thereby enhancing our understanding of the treatment's impact on 
the local inflammatory response. 
Materials and Methods 
Study Design and Participants 
This clinical follow-up study was conducted on 40 smokers (defined as individuals who smoked at least 10 
cigarettes per day for a minimum of 5 years) diagnosed with moderate to severe chronic periodontitis, according 
to the American Academy of Periodontology's classification. Inclusion criteria were adults aged 30-65 years, with 
at least 20 natural teeth, and no history of periodontal treatment in the past 6 months. Exclusion criteria included 
systemic diseases affecting the immune system (e.g., diabetes), current use of anti-inflammatory medications, or 
participation in smoking cessation programs. 
Ethical Approval and Informed Consent 
The study was approved by the Institutional Review Board (IRB), and all participants provided written informed 
consent after being fully informed about the study's objectives and procedures. 
Non-Surgical Periodontal Therapy (NSPT) 
NSPT involved full-mouth scaling and root planing (SRP) using ultrasonic scalers and hand instruments. The 
procedure was performed by a periodontist in two sessions within one week. Oral hygiene instructions, including 
proper brushing techniques and the use of interdental cleaning aids, were provided to all participants. Follow-up 
reinforcement of oral hygiene was conducted monthly. 
Sample Collection 
Unstimulated saliva samples were collected at three time points: baseline (before NSPT), 3 months, and 6 months 
post-therapy. Participants were instructed not to eat, drink, or smoke for at least 2 hours prior to sample collection. 
Saliva was collected in sterile containers, centrifuged at 3,000 rpm for 10 minutes to remove debris, and stored at 
-80°C until analysis. 
Cytokine Analysis 
Salivary levels of pro-inflammatory cytokines (IL-1β, IL-6, TNF-α) and the anti-inflammatory cytokine (IL-10) 
were quantified using enzyme-linked immunosorbent assay (ELISA) kits (R&D Systems, USA) according to the 
manufacturer’s instructions. The assay sensitivity was as follows: IL-1β (0.1 pg/mL), IL-6 (0.1 pg/mL), TNF-α 
(0.2 pg/mL), and IL-10 (0.2 pg/mL). Each sample was run in duplicate to ensure accuracy. 
Periodontal Clinical Parameters 
Clinical periodontal measurements, including probing pocket depth (PPD) and clinical attachment level (CAL), 
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were recorded at baseline, 3 months, and 6 months post-NSPT by a calibrated examiner. The examiner was blinded 
to the study groups to reduce bias. 
Statistical Analysis 
Data analysis was performed using SPSS software version 25.0 (IBM Corp., USA). The Shapiro-Wilk test was 
used to assess the normality of data distribution. For normally distributed data, paired t-tests were used to compare 
baseline and follow-up cytokine levels and periodontal parameters. For non-normally distributed data, the 
Wilcoxon signed-rank test was applied. A p-value of <0.05 was considered statistically significant. 
Results 
A total of 40 smokers with chronic periodontitis completed the study. Significant improvements in clinical 
periodontal parameters and changes in salivary cytokine levels were observed over the follow-up period. The 
results are presented below in Tables 1 and 2. 
Table 1: Changes in Periodontal Clinical Parameters Over Time 

Parameter Baseline (Mean 
± SD) 

3 Months 
(Mean ± SD) 

6 Months 
(Mean ± SD) 

p-value (Baseline vs. 
6 Months) 

Probing Pocket Depth 
(PPD) (mm) 

5.6 ± 0.5 4.1 ± 0.6 3.2 ± 0.4 <0.001 

Clinical Attachment Level 
(CAL) (mm) 

6.3 ± 0.7 5.1 ± 0.6 4.0 ± 0.5 <0.001 

Bleeding on Probing (%) 70 ± 10 45 ± 8 28 ± 7 <0.001 

Note: SD = Standard Deviation 
The results show a significant reduction in PPD and CAL from baseline to 6 months (p<0.001). Bleeding on 
probing also decreased notably, indicating an improvement in periodontal health following NSPT. 
Table 2: Changes in Salivary Cytokine Levels Over Time 

Cytokine Baseline (pg/mL, 
Mean ± SD) 

3 Months (pg/mL, 
Mean ± SD) 

6 Months (pg/mL, 
Mean ± SD) 

p-value (Baseline vs. 6 
Months) 

IL-1β 20.5 ± 2.4 14.3 ± 1.8 12.1 ± 1.5 <0.01 

IL-6 15.2 ± 1.9 11.8 ± 1.7 9.7 ± 1.4 <0.01 

TNF-α 18.7 ± 2.3 12.6 ± 1.9 10.2 ± 1.3 <0.01 

IL-10 5.2 ± 0.7 8.9 ± 1.0 10.5 ± 1.2 <0.01 

Pro-inflammatory cytokines (IL-1β, IL-6, TNF-α) showed a significant decrease at 3 and 6 months post-NSPT, 
while the anti-inflammatory cytokine IL-10 exhibited a significant increase (p<0.01). This indicates a shift toward 
a more balanced inflammatory state following the therapy. 
Overall, the data demonstrate the beneficial effects of NSPT in improving periodontal clinical outcomes and 
modulating the salivary cytokine profile in smokers. 
Discussion 
The findings of this study demonstrate that non-surgical periodontal therapy (NSPT) significantly improves 
periodontal clinical parameters and modulates salivary cytokine expression in smokers with chronic periodontitis. 
Specifically, reductions in probing pocket depth (PPD), clinical attachment level (CAL), and bleeding on probing, 
along with a decrease in pro-inflammatory cytokines (IL-1β, IL-6, TNF-α) and an increase in the anti-
inflammatory cytokine IL-10, were observed over a 6-month follow-up period. These results suggest that NSPT 
not only enhances clinical outcomes but also positively influences the local inflammatory response in smokers. 
The significant reductions in PPD and CAL observed in this study are consistent with previous research indicating 
that NSPT effectively reduces periodontal inflammation and tissue destruction (1,2). However, the response to 
periodontal therapy in smokers has been reported to be less favorable compared to non-smokers due to the adverse 
effects of smoking on the immune system and tissue healing (3). Despite these challenges, the present study 
showed considerable improvements in clinical parameters, which may be attributed to the reinforcement of oral 
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hygiene practices throughout the study period. Regular reinforcement likely helped mitigate some of the negative 
effects of smoking on periodontal therapy outcomes. 
The observed reduction in salivary pro-inflammatory cytokines (IL-1β, IL-6, TNF-α) after NSPT aligns with the 
current understanding that periodontal therapy can reduce local inflammation by decreasing the bacterial load and 
disrupting the biofilm (4,5). Previous studies have shown that elevated levels of IL-1β and TNF-α are associated 
with periodontal disease activity and tissue destruction, suggesting that the reductions in these cytokines reflect a 
shift toward periodontal healing (6,7). The results of this study also support the findings of a meta-analysis 
indicating that NSPT leads to a significant decrease in inflammatory cytokine levels, even in smokers (8). 
The increase in IL-10 levels following NSPT is noteworthy, as IL-10 is a key anti-inflammatory cytokine that 
plays a protective role in regulating the immune response and limiting tissue damage (9). Higher IL-10 levels may 
indicate a transition toward an anti-inflammatory state and better resolution of periodontal inflammation. The 
increase in IL-10 levels in this study supports the idea that periodontal therapy can promote a more balanced 
inflammatory response, which may contribute to improved clinical outcomes (10). 
However, the absence of a non-smoking control group in this study limits the ability to directly compare the 
therapeutic response between smokers and non-smokers. Studies have shown that smokers often have a less 
favorable response to periodontal therapy due to impaired immune function and compromised wound healing (11-
14). Including a non-smoker group in future research would provide more insights into how smoking specifically 
affects the modulation of cytokines after NSPT. 
Additionally, the results could have been influenced by individual variations in smoking frequency and duration, 
as well as other lifestyle factors such as diet, which were not controlled in this study. Future research should 
consider stratifying participants based on smoking intensity and incorporating more comprehensive lifestyle 
assessments to better understand the effects of these variables on periodontal outcomes. 
Conclusion 
In conclusion, this study demonstrates that NSPT significantly improves periodontal clinical parameters and 
modulates salivary cytokine levels in smokers with periodontitis. The reductions in pro-inflammatory cytokines 
and increase in anti-inflammatory cytokines suggest that NSPT can effectively shift the inflammatory profile 
toward a more balanced state. These findings emphasize the importance of periodontal therapy in managing 
periodontitis in smokers and provide valuable insights into the underlying immunological mechanisms. 
References 

1. Cobb CM. Non-surgical pocket therapy: Mechanical. Ann Periodontol. 1996;1(1):443-90. 

2. Kinane DF, Stathopoulou PG, Papapanou PN. Periodontal diseases. Nat Rev Dis Primers. 2017;3:17038. 

3. Johnson GK, Hill M. Cigarette smoking and the periodontal patient. J Periodontol. 2004;75(2):196-209. 

4. Palmer RM, Wilson RF, Hasan AS, Scott DA. Mechanisms of action of environmental factors--tobacco 
smoking. J Clin Periodontol. 2005;32(Suppl 6):180-95. 

5. Buduneli N, Kinane DF. Host-derived diagnostic markers related to soft tissue destruction and bone 
degradation in periodontitis. J Clin Periodontol. 2011;38(Suppl 11):85-105. 

6. Graves D, Cochran D. The contribution of interleukin-1 and tumor necrosis factor to periodontal tissue 
destruction. J Periodontol. 2003;74(3):391-401. 

7. Garlet GP. Destructive and protective roles of cytokines in periodontitis: A re-appraisal from host defense 
and tissue destruction viewpoints. J Dent Res. 2010;89(12):1349-63. 

8. Zhang S, Sun C, Chu L, Xu J, Tang Z. Effect of non-surgical periodontal treatment on inflammatory 
cytokines in saliva and serum of chronic periodontitis patients. Medicine (Baltimore). 2021;100(32) 

9. Cardoso EM, Reis C, Manzanares-Cespedes MC. Chronic periodontitis, inflammatory cytokines, and 
interrelationship with other chronic diseases. Postgrad Med. 2018;130(1):98-104. 



 Laxmi Machetty, Manisha Mohanty, Shabana Shaik, Darshana Nayak, Sushil Kumar Sahoo, Ravindra 
Soni 
 
  

 
Library Progress International| Vol.44 No.3 | Jul-Dec 2024                                                 14027 

10. Garlet GP, Martins W, Ferreira BR, Milanezi CM, Silva JS. Patterns of chemokines and chemokine 
receptors expression in different forms of human periodontal disease. J Periodontal Res. 2003;38(2):210-
7. 

11. Nociti FH, Casati MZ, Duarte PM. Current perspective of the impact of smoking on the progression and 
treatment of periodontitis. Periodontol 2000. 2015;67(1):187-210. 

12. Heasman L, Stacey F, Preshaw PM, Heasman PA. The effect of smoking on periodontal treatment 
response: A review of clinical evidence. J Clin Periodontol. 2006;33(4):241-53. 

13. Tiwari A, Ghosh A, Agrawal PK, Reddy A, Singla D, Mehta DN, Girdhar G, Paiwal K. Artificial 
intelligence in oral health surveillance among under-served communities. Bioinformation. 
2023;19(13):1329. 

14. Kumar P, Kumar P, Tiwari A, Patel M, Gadkari SN, Sao D, Paiwal K. A cross-sectional assessment of 
effects of imprisonment period on the oral health status of inmates in Ghaziabad, Delhi National Capital 
Region, India. Cureus. 2022 Jul;14(7). 

 
 


