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Background: While the detrimental effects of smoking on periodontal health are well-established, the impact of smokeless tobacco (SLT) remains understudied, particularly in rural populations where SLT use is prevalent. The objective of the study is to (1) determine the prevalence of SLT consumption, and (2) evaluate its impact on periodontal health indicators among the adults in Rajnandgaon, Chhattisgarh, India.



Methods: In this cross-sectional study, 1,404 adults from Chhattisgarh, India, were screened, of whom 806 identified as SLT users were further assessed. Demographic data, oral hygiene practices, and SLT consumption patterns were recorded via structured questionnaires. Clinical periodontal parameters, including plaque index (PI), gingival index (GI), clinical attachment loss (CAL), probing pocket depth (PPD), and gingival recession (GR), were assessed. Multivariate regression and structural equation modeling (SEM) were employed to analyze associations between SLT use and periodontal outcomes, adjusting for confounders.



Results: SLT users exhibited significantly worse periodontal health than NTB users, with higher mean CAL (8.7 ± 2.18 mm vs. 3.2 ± 1.45 mm, p < 0.001), GR (2.99 ± 1.35 mm vs. 1.05 ± 0.82 mm, p < 0.001), and PPD (5.72 ± 1.69 mm vs. 2.91 ± 1.12 mm, p < 0.001). Gutkha and Tobacco + Lime demonstrated the strongest associations with periodontal destruction (β = 1.82, p < 0.01 and β = 1.64, p < 0.01, respectively). Prolonged SLT use (>10 years), higher frequency (>5 times/day), and lower buccal placement were significant predictors of deterioration (p < 0.05). SEM confirmed that SLT type, duration, and poor oral hygiene synergistically exacerbated periodontal damage (CFI = 0.92, RMSEA = 0.04).



Conclusion: The prevalence of smokeless tobacco consumption in Rajnandgaon, Chhattisgarh, was found to be 58.26%, with a higher proportion of users among males (60%) compared to females (40%). SLT, particularly Gutkha, is a significant risk factor for periodontal disease, with usage patterns significantly influencing disease severity. These findings underscore the urgent need for region-specific public health interventions that target smoking cessation and improved oral hygiene practices. Future longitudinal studies should investigate causal mechanisms and the efficacy of interventions.
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1 Introduction

Periodontal diseases are intricate immunoinflammatory conditions that impact the vital tissues supporting the teeth, including the gingiva, alveolar bone, cementum, and periodontal ligament (1). These disorders primarily arise from the build-up of specific microbiota within the oral biofilm, which engages in a complex interaction with the host's immune system, triggering and perpetuating a chronic inflammatory response. While the microorganisms present in dental plaque serve as the main instigators of periodontal diseases, a range of risk factors can influence the host's immune response to this microbial assault, thereby playing a significant role in both the onset and progression of periodontitis (1, 2).

Tobacco smoking is a substantial risk factor for periodontal disease, causing harmful effects leading to increased plaque accumulation, deeper periodontal pockets, and significant bone loss around the teeth (3, 4). Moreover, smoking compromises the immune response by disrupting the homeostasis of the oral microbiota by fostering the growth of periodontal pathogens. Additionally, the reduction of blood flow and oxygen supply to the gingival tissues hinders the healing processes and regeneration, ultimately worsening oral health outcomes (3–6).

Smokeless tobacco (SLT) encompasses a range of products containing tobacco that are used orally by chewing, placing in the mouth, or sniffing rather than being burned or inhaled (7). While a significant portion of the existing research on tobacco's influence on oral health has predominantly focused on smoking, the harmful effects of SLT products are gaining increasing recognition, particularly in relation to periodontal diseases. SLT exists in various forms, including snuff, chewing tobacco, and betel quid, and is widely used in numerous regions around the world (8).

SLT is used by over 300 million individuals globally and represents a major public health concern. It is responsible for an estimated 4.7 million disability-adjusted life years and contributes to more than 650,000 deaths each year (8–10).

The prevalence of SLT consumption varies widely across regions, reflecting cultural, socioeconomic, and regulatory differences. The global prevalence of smokeless tobacco use shows substantial variation, ranging from 0.1% to 62.2%, based on an analysis of data from 127 countries (8).

As awareness of the adverse health consequences of the SLT products expands, it becomes essential to examine their impact on oral health more closely. Tobacco comprises a complex blend of chemicals, including nicotine, alkaloids, and a host of carcinogens, which can instigate a range of adverse oral health outcomes. Users may experience a spectrum of oral manifestations, including painful oral mucosal lesions, significant gingival inflammation, and alarming periodontal bone loss, all of which contribute to the deterioration of oral health (11).

The relationship between smokeless tobacco consumption and periodontal attachment loss remains somewhat ambiguous, as the literature reveals conflicting evidence. Numerous studies have highlighted a robust association between the use of smokeless tobacco and adverse periodontal outcomes, such as gingival recession, the development of periodontal pockets, and significant bone resorption. In contrast, other research efforts have not succeeded in establishing a meaningful link between smokeless tobacco use and these detrimental effects, resulting in ongoing debates within the scientific community. Despite some variations in findings, the overwhelming consensus among researchers is that smokeless tobacco products adversely affect oral health. They significantly elevate the risk of developing gingivitis, caries, and oral cancer (11–15).

In India, the consumption of smokeless tobacco is notably high, particularly in rural areas where cultural practices are deeply ingrained. Chewable tobacco products dominate, with areca nut combined with slaked lime, catechu, and gutkha leading the way as widely favored choices. Other significant forms include khaini, tobacco lime, and gudakhu, each offering distinct flavours that reflect the strong local custom (16). This widespread usage underscores the urgent need for awareness about its health implications. The existing literature highlights the prevalence and significant impact of smokeless tobacco on periodontal health; however, a notable gap remains in our understanding of the specific types of smokeless tobacco used and their comprehensive effects on the periodontium. Hence, the study was designed with the objective to determine the prevalence of SLT and to evaluate its association with periodontal health indicators among the adults in Rajnandgaon, Chhattisgarh, India, intending to support targeted public health interventions in high-risk communities.



2 Materials and methods


2.1 Study design

An observational, cross-sectional study was carried out to assess the prevalence of smokeless tobacco (SLT) use and its effects on gingival and periodontal health in adults attending the Chhattisgarh Dental College and Research Institute (CDCRI), Chhattisgarh, India. This study was conducted in accordance with the 'STROBE” ('Strengthening the Reporting of Observational Studies in Epidemiology”) guidelines (17). The study design is illustrated in Figure 1. SLT users are defined as those who use SLT either daily or occasionally. Non-tobacco users are those who have never used SLT or any type of smoking tobacco.
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FIGURE 1
Flowchart of the study.




2.2 Research participants and ethical approval

The participants in the study were adults who approached CDCRI for treatment between December 2019 and March 2021. The study was approved by the Institutional Ethical Committee at CDCRI, Rajnandgaon (Ref. No. Perio-16/2019). Before the study began, participants signed written informed consent in either English or Hindi, acknowledging the study procedures and confirming that their involvement was completely voluntary.



2.3 Eligibility criteria

The criteria for inclusion consisted of adults aged 18 to 65 years who possess at least two teeth in each quadrant and maintain their dentate status. The criteria for exclusion encompassed individuals with diabetes mellitus, trauma caused by brushing, non-carious cervical lesions, tobacco use, current periodontal treatment, and the utilization of medications that impact periodontal health.



2.4 Sample size estimation

The sample size was calculated using OpenEpi's cross-sectional study module, assuming a population of 1,000,000, a hypothesized frequency of 36% based on the Global Adult Tobacco Survey (GATS) Fact Sheet, Chhattisgarh, India (18), 95% confidence level, and a ±5% margin of error. The estimated minimum sample size was 354.



2.5 Research information sheet

A structured and validated data collection sheet was utilized to gather socio-demographic details such as age and educational attainment. Information regarding oral hygiene habits—including how often individuals brush their teeth, use dental floss, visit the dentist, rinse their mouths, and use smokeless tobacco (SLT)—was also collected. Furthermore, the questionnaire comprised details about the type of tobacco, daily frequency of SLT usage, duration of SLT consumption each year, placement location of SLT, the duration of SLT placement in the mouth per minute, and the quantity of SLT used (measured in packs).



2.6 Clinical examination and clinical parameters recording

The gingival and periodontal conditions of the participants were evaluated using standardized methods, which included the assessment of the Plaque Index (PI), Gingival Index (GI), Pocket Probing Depth (PPD), Gingival Recession (GR) and Clinical Attachment Level (CAL), as outlined below.

The PI was evaluated using a mouth mirror along with a plaque-disclosing solution. Six sites per tooth were evaluated for the presence or absence of supragingival plaque. The plaque was disclosed using a two-tone disclosing solution (Oraldent LTD, UK). The presence (+) or absence (−) of plaque was recorded. Then, the number of positive sites was divided by the total number of sites and presented as a percentage (19, 20). For the GI, the gingiva of each tooth was sectioned into six scoring parts: mesio-facial papilla, facial margin, disto-facial papilla, mesio-lingual papilla, disto-lingual papilla, and mid-lingual margin. Prior to the examination, the gingiva and teeth were gently dried using compressed air or cotton rolls. A periodontal probe was utilized to assess bleeding and inflammation at each scoring unit, employing the following criteria: 0 for no inflammation, 1 for mild inflammation, 2 for moderate inflammation, and 3 for severe inflammation. The GI score for each tooth was determined by aggregating the four recorded scores, and the overall GI score for the individual was calculated by averaging the GI scores from all the examined teeth (21). The probing pocket depth (PPD) was measured using a calibrated color-coded University of North Carolina Probe 15 (UNC-15). The probe was inserted parallel to the tooth's long axis, and measurements were obtained from the bottom of the sulcus or periodontal pocket to the gingival margin at six points per tooth: mesiobuccal, midbuccal, distobuccal, mesiolingual, midlingual, and distolingual (22). Gingival recession (GR) was noted as present when the gingival margin was positioned apical to the cementoenamel junction (CEJ) on either the buccal or lingual surface, and considered absent when the margin was located 1–2 mm coronal to the CEJ (23, 24). Clinical attachment level (CAL) was determined by measuring the distance from the CEJ to the base of the periodontal pocket or sulcus, utilizing a detailed full-mouth periodontal chart (23, 24).



2.7 Data collection

Consent was secured from all participants who willingly filled out the questionnaire. Depending on their self-reported use of SLT, participants were classified as either SLT users or NTB. After completing the questionnaire, all individuals who consented underwent clinical evaluations of PI, GI, PDD, GR, and CAL. The quantity of SLT consumed was determined by the number of packs or pieces used, taking into account both the duration and amount, particularly for participants who used various tobacco products. Tobacco chewing duration was assessed through structured interviews using validated questionnaires. All interviews were conducted by a single trained and calibrated interviewer (SSY) using standardized probing questions to minimize bias, and all periodontal examinations were performed by a single trained and calibrated examiner (LS) on the same day. The gathered data was documented and analyzed using statistical methods.



2.8 Statistical analysis

The data was collected and entered into Microsoft Excel (version 13) and analysed using IBM SPSS (version 21). For continuous data, mean and standard deviation (SD) were computed, while frequency and percentage were used to summarize categorical data. To compare demographic characteristics and oral hygiene habits between study groups, the Chi-square test was used for categorical data.

For periodontal parameters, an independent t-test was applied to compare PPD, CAL, and GR between smokeless tobacco (SLT) users and non-tobacco (NTB) users. The impact of tobacco placement, duration, and frequency of chewing on periodontal health was assessed using an ANOVA statistical test with post hoc Tukey's test. Additionally, a regression analysis was conducted to evaluate the effect of age, gender, brushing habits, and tobacco usage on PPD, GR, and CAL. The Structural Equation Model (SEM) further examined relationships between exogenous and endogenous variables. Statistical significance was set at a p-value less than 0.05.




3 Results

Among the 1,404 participants screened, 357 (25.42%) were tobacco smokers, 229 (16.31%) were non-tobacco users (NTB), and a total of 818 participants were smokeless tobacco users (SLT), with a prevalence of 58.26%. Smokers were excluded according to the eligibility criteria. A total of 12 SLT users and 10 NTB users had incomplete data and were therefore excluded, yielding 1,025 participants for the final analysis (Figure 1). Among 1,025 participants included in the study, 806 (79%) participants were SLT users with a mean age of 35.54 years, and 219 (21%) were NTB users with a mean age of 26.93 years.


3.1 Demographic characteristics and oral hygiene methods across the study groups

Males (60%) were more likely than females to use SLT, whereas females (66%) dominated amongst the NTB users (p < 0.001). The SLT users involved 483 (60%) males and 323 (40%) females. The toothbrush was used by the maximum number of participants (86%) in NTB users, compared to only 45% in SLT users. Finger brushing was used as the mode of cleaning by 49.6% of SLT users. The difference in the mode of cleaning between the SLT users and NTB users was statistically significant (p < 0.001). However, there was no variation in brushing frequency between the SLT users and NTB users (p = 0.46) (Table 1).



TABLE 1 Demographic characteristics and oral hygiene methods across the study groups.



	Parameters (N = 1,025)
	Smokeless tobacco user n = 806 (79%)
	Non-tobacco user n = 219 (21%)
	p-value#



	n (%)
	n (%)





	Gender



	Male
	483 (60%)
	74 (34%)
	<0.001**



	Female
	323 (40%)
	145 (66%)



	Mode of cleaning



	Toothbrush
	363 (45%)
	188 (86%)
	<0.001**



	Finger
	400 (49.6%)
	27 (12%)



	Neem Stick
	43 (5.3%)
	4 (1.8%)



	Frequency of cleaning



	Once a day
	767 (95%)
	211 (96%)
	0.46



	Twice a day
	39 (4.8%)
	8 (3.7%)



	Mode of brushing



	Horizontal
	522 (65%)
	52 (24%)
	<0.001**



	Horizontal and Vertical
	284 (35%)
	167 (76%)




	#Pearson's Chi-square test.


	**Highly Significant.









3.2 Type of smokeless tobacco used

The most common SLTs used, categorized by gender, are presented in Table 2. Among the different types of smokeless tobacco used, the most used tobacco products were Gutkha (43%) and Gudakhu (40%) in males, whereas Gudakhu (100%) was used by all the females (n = 323) included in the study. The difference in the types of SLT used was statistically highly significant between males and females (X2 = 338.3; p < 0.001; Table 2).



TABLE 2 Type of smokeless tobacco used.



	Type of SLT
	Gender
	Significance#



	Males n (%)
	Females n (%)
	X2-value
	p-value





	Khaini
	76 (9.43%)
	0 (0%)
	338.30
	0.0001**



	Gutkha
	350 (43.42%)
	0 (0%)



	Tobacco + Lime
	57 (7.07%)
	0 (0%)



	Gudakhu
	323 (40.07%)
	323 (100%)



	Total
	483 (60.0%)
	323 (40.0%)




	#Pearson's Chi-square test.


	**Highly Significant.









3.3 Comparison of clinical parameters across the study groups

There was a highly significant difference in probing pocket depth (PPD; t = 9.69; p < 0.001), gingival recession (GR; t = 16.16; p < 0.001), and clinical attachment loss (CAL; t = 13.73; p < 0.001) between the SLT users and NTB users (Table 3).



TABLE 3 Comparison of periodontal pocket depth (PPD), clinical attachment loss (CAL) scores, and gingival recession (GR) across the study groups.



	Parameters
	Smokeless tobacco users (n = 806)
	Non-tobacco users (n = 219)
	Significance#



	Mean
	SD
	SEM
	Mean
	SD
	SEM
	t value
	p-value





	PPD
	5.72
	1.691
	0.0596
	4.57
	0.943
	0.0637
	9.69
	<0.001**



	CAL
	8.7
	2.178
	0.0475
	6.2
	1.396
	0.0728
	13.73
	<0.001**



	GR
	2.99
	1.348
	0.0767
	1.63
	1.077
	0.0943
	16.16
	<0.001**




	#Independent t-test.


	**Highly Significant.









3.4 Effect of tobacco placement on periodontal health

The placement of tobacco at various sites within the oral cavity considerably influenced periodontal status (p < 0.001 for all measurements; Table 4). CAL was maximum among the subjects who inserted tobacco in the lower left buccal and lower right buccal side (9.12 ± 1.229 mm, 9.08 ± 1.30 mm), and they were closely followed by subjects with tobacco placement in all teeth (8.12 ± 2.969 mm). The lowest CAL score (9.00 ± 1.622 mm) was observed among participants who placed tobacco in the lower anterior area. The most severe gingival recession (GR) occurred among participants, placing smoking on the lower left side (3.77 ± 0.962 mm) and right buccal side (3.76 ± 0.957 mm). In contrast, participants using it at any location demonstrated the least GR (1.87 ± 1.026 mm). Probing pocket depth (PPD) was maximum in the group of persons who put tobacco between all the teeth (6.25 ± 2.280 mm), which means greater periodontal damage (Table 4).



TABLE 4 Association of clinical parameters with the location of tobacco placement, duration of tobacco chewing and frequency of tobacco chewing.



	Location of tobacco placement
	Participants n (%)
	CAL Score Mean ± SD (mm)
	GR Mean ± SD (mm)
	PPD Mean ± SD (mm)





	Lower Anterior
	20 (2.5%)
	9.00 ± 1.622
	3.10 ± 0.912
	5.90 ± 1.07



	Lower left buccal
	205 (25.4%)
	9.12 ± 1.229
	3.77 ± 0.962
	5.36 ± 0.973



	Lower right buccal
	258 (32%)
	9.08 ± 1.30
	3.76 ± 0.957
	5.33 ± 0.995



	All teeth
	323 (40.1%)
	8.12 ± 2.969
	1.87 ± 1.026
	6.25 ± 2.280



	Significance
	F
	10.3
	224.3
	16.3



	p-value
	<0.001
	<0.001
	<0.001



	Duration of tobacco chewing
	Participants
	CAL Score Mean ± SD (mm)
	GR Mean ± SD (mm)
	PPD Mean ± SD (mm)



	0–2 min
	241 (29.9%)
	7.76 ± 3.174
	1.75 ± 1.024
	6.01 ± 2.477



	2–5 min
	82 (10.2%)
	9.2 ± 1.902
	2.22 ± 0.956
	6.98 ± 1.333



	5–10 min
	33 (4.1%)
	9.24 ± 1.3
	3.7 ± 0.883
	5.55 ± 0.971



	>10 min
	450 (55.8%)
	9.08 ± 1.284
	3.74 ± 0.971
	5.35 ± 0.995



	Significance
	F
	13.5
	228.8
	39.7



	p-value
	<0.001
	<0.001
	<0.001



	Location of tobacco placement
	Participants
	CAL Score Mean ± SD (mm)
	GR Mean ± SD (mm)
	PPD Mean ± SD (mm)



	1–3 times
	144 (17.9%)
	7.63 ± 2.98
	1.72 ± 1.02
	5.92 ± 2.32



	3–5 times
	297 (36.8%)
	8.86 ± 2
	3.18 ± 1.32
	5.68 ± 1.56



	5–10 times
	328 (40.7%)
	9.02 ± 1.82
	3.29 ± 1.2
	5.72 ± 1.52



	>10 times
	37 (4.6%)
	8.89 ± 1.47
	3.68 ± 1
	5.22 ± 1.03



	Significance
	F
	8.86
	88.02
	3.04



	p-value
	<0.001
	<0.001
	<0.001









3.5 Effect of tobacco chewing duration on periodontal health

A greater duration of tobacco chewing was correlated with greater periodontal loss (p < 0.001 for all parameters; Table 4). The subjects who chewed tobacco for more than 10 min had a high CAL value (9.08 ± 1.284 mm), which was similar to those who chewed for 5–10 min (9.24 ± 1.3 mm) and 2–5 min (9.2 ± 1.902 mm). Conversely, CAL was lowest for those who chewed between 0 and 2 min (7.76 ± 3.174 mm). Gingival recession was higher with longer durations of tobacco chewing, with the maximum GR in the >10 min group (3.74 ± 0.971 mm) and the second highest in the 5–10-minute group (3.7 ± 0.883 mm). Probing pocket depth (PPD) was also similar, with the highest readings in individuals who chewed for 2–5 min (6.98 ± 1.333 mm).



3.6 Effect of frequency of tobacco use on periodontal health

The number of tobacco consumption highly affected CAL, GR, and PPD (p < 0.001 for all measured parameters; Table 4). The individuals consuming tobacco over 10 times a day showed elevated GR (3.68 ± 1 mm) and PPD (5.22 ± 1.03 mm). Individuals who consumed tobacco between 5 and 10 times a day reported the highest CAL score (9.02 ± 1.82 mm). The minimum CAL and GR were found in people who consumed tobacco 1–3 times a day (7.63 ± 2.98 mm and 1.72 ± 1.02 mm, respectively). Yet, PPD was rather constant between groups, ranging from 5.22 mm to 5.92 mm.



3.7 Regression analysis

A regression analysis presents how the various factors relate to the three periodontal indicators: PPD, GR, and CAL. The R-squared (R²) indicates how well the model explains the variance in each dependent variable. R² revealed a variance of 36.8% for PPD, 62.9% for GR (indicating the strongest model fit), and 34.4% for CAL (Table 5a).



TABLE 5a Regression analysis showing overall model fit between variables and PPD, GR and CAL.



	Model
	R
	R²





	PPD
	0.607
	0.368



	GR
	0.793
	0.629



	CAL
	0.586
	0.344







Age was positively correlated with all periodontal measures (PPD, GR, CAL), indicating increased deterioration with age. Males exhibited higher PPD and CAL but lower GR than females. Toothbrush use was associated with better periodontal health compared to finger brushing or neem sticks. Horizontal brushing alone showed greater PPD and CAL than combined horizontal and vertical techniques (Table 5b).



TABLE 5b Regression analysis showing significant predictors and their effects on PPD, GR and CAL.



	PPD
	GR
	CAL



	Predictor
	Estimate
	SE
	t
	p
	Estimate
	SE
	t
	p
	Estimate
	SE
	t
	p





	Intercepta
	−1.0975
	0.9329
	−1.176
	0.24
	1.9659
	0.56978
	3.45
	<.001
	0.8683
	1.224
	0.7094
	0.478



	Age
	0.0764
	0.0127
	6.003
	<.001
	0.0251
	0.00777
	3.235
	0.001
	0.1015
	0.0167
	6.0817
	<.001



	Gender
	2.3081
	0.3797
	6.079
	<.001
	−0.5922
	0.23191
	−2.553
	0.011
	1.7159
	0.4982
	3.4444
	<.001



	Mode of cleaning



	Finger—Toothbrush
	−0.7292
	0.2013
	−3.622
	<.001
	−0.3056
	0.12295
	−2.485
	0.013
	−1.0347
	0.2641
	−3.918
	<.001



	Neem Stick—Toothbrush
	−0.758
	0.2403
	−3.155
	0.002
	−0.3024
	0.14674
	−2.061
	0.04
	−1.0604
	0.3152
	−3.3642
	<.001



	Frequency of cleaning



	Twice a Day—Once a Day
	−0.0392
	0.2266
	−0.173
	0.863
	−0.0146
	0.13841
	−0.106
	0.916
	−0.0538
	0.2973
	−0.181
	0.856



	Mode of brushing



	Horizontal and Vertical-Horizontal
	−0.3793
	0.1762
	−2.153
	0.032
	−0.1477
	0.10761
	−1.373
	0.17
	−0.5271
	0.2312
	−2.28
	0.023



	Type of tobacco



	Gutkha—Khaini
	0.5233
	0.1952
	2.68
	0.008
	1.7748
	0.11924
	14.884
	<.001
	2.2981
	0.2561
	8.9718
	<.001



	Tobacco Lime—Khaini
	1.6534
	0.2417
	6.841
	<.001
	0.4567
	0.14761
	3.094
	0.002
	2.1101
	0.3171
	6.6549
	<.001



	Gudhakhu—Khaini
	NaN
	NaN
	NaN
	NaN
	NaN
	NaN
	NaN
	NaN
	NaN
	NaN
	NaN
	NaN



	Tobacco chew since (in yrs)



	2–5 Years—0–2 Years
	0.4533
	0.2602
	1.742
	0.082
	0.3729
	0.15895
	2.346
	0.019
	0.8262
	0.3414
	2.4199
	0.016



	5–10 Years—0–2 Years
	0.2213
	0.2568
	0.862
	0.389
	0.2291
	0.15685
	1.461
	0.145
	0.4504
	0.3369
	1.3369
	0.182



	>10 Years—0–2 Years
	0.7091
	0.2825
	2.511
	0.012
	0.378
	0.17252
	2.191
	0.029
	1.0872
	0.3706
	2.9337
	0.003



	Tobacco chew duration (in mins)



	2–5 Min—0–2 Mins
	1.0201
	0.176
	5.797
	<.001
	0.4721
	0.10747
	4.393
	<.001
	1.4922
	0.2309
	6.4636
	<.001



	5–10 Min—0–2 Min
	0.1179
	0.2505
	0.471
	0.638
	−0.0809
	0.15298
	−0.529
	0.597
	0.037
	0.3286
	0.1126
	0.91



	>10 Mins—0–2 Min
	NaN
	NaN
	NaN
	NaN
	NaN
	NaN
	NaN
	NaN
	NaN
	NaN
	NaN
	NaN



	Frequency of tobacco chewing



	3–5 Times—1–3 Times
	0.5586
	0.1663
	3.359
	<.001
	0.207
	0.10158
	2.038
	0.042
	0.7656
	0.2182
	3.5087
	<.001



	5–10 Times—1–3 Times
	0.545
	0.1613
	3.379
	<.001
	0.3625
	0.0985
	3.68
	<.001
	0.9074
	0.2116
	4.2888
	<.001



	>10 Times—1–3 Times
	0.2222
	0.2813
	0.79
	0.43
	0.1123
	0.17179
	0.654
	0.513
	0.3346
	0.369
	0.9066
	0.365



	Location of tobacco placement



	Lower Left Buccal—Lower Anterior
	0.2763
	0.3416
	0.809
	0.419
	−0.2954
	0.20863
	−1.416
	0.157
	−0.0191
	0.4482
	−0.0426
	0.966



	Lower Right Buccal—Lower Anterior
	0.2102
	0.34
	0.618
	0.537
	−0.3711
	0.20763
	−1.787
	0.074
	−0.1609
	0.446
	−0.3608
	0.718



	All Teeth—Lower Anterior
	NaN
	NaN
	NaN
	NaN
	NaN
	NaN
	NaN
	NaN
	NaN
	NaN
	NaN
	NaN




	aRepresents reference level.


	Linear model contains aliased coefficients (singular fit).


	NaN values indicate that the model couldn't compute coefficients due to perfect correlation or lack of variability.







Regression analysis revealed that Gutkha and tobacco plus lime use were significantly associated with increased PPD, GR, and CAL compared to Khaini. A chewing duration exceeding 5 min and a frequency of tobacco usage greater than 5 times per day were significantly associated with higher PPD, GR, and CAL, with lower buccal placement specifically associated with increased CAL (Table 5b).



3.8 Structural equation model (SEM) analysis

The outcome of the regression models shows the effect of exogenous variables on the endogenous variables (PPD, GR, and CAL) (Tables 5a, b).

Significant predictors of increased PPD included age (p < 0.001), mode of cleaning (p = 0.009), brushing technique (p = 0.01), type of tobacco used (p < 0.001), and duration of tobacco chewing (p < 0.001). The results indicate that tobacco chewing habits are strongly associated with deeper periodontal pockets.

GR was significantly associated with the mode of cleaning (p < 0.001), type of tobacco (p = 0.028), duration (p < 0.001), and frequency of tobacco chewing (p = 0.001). Tobacco-related variables—particularly type, frequency, and duration—were closely linked to the extent of gingival recession.

Significant predictors of CAL included age (p < 0.001), mode of cleaning (p < 0.001), type of tobacco used (p < 0.001), duration (p < 0.001), and frequency of tobacco use (p = 0.004). Prolonged and frequent use of smokeless tobacco was associated with greater clinical attachment loss.




4 Discussion

This study undertook the estimation of the prevalence of smokeless tobacco (SLT) and a comprehensive examination of the effects of SLT use on periodontal health among adults in Chhattisgarh, India. The prevalence of SLT varies widely due to regional, cultural, and socioeconomic factors. Among adults, SLT use is reported at 29% in India, 26% in Bangladesh, and 22% in Myanmar (8, 25). In India, state-specific data show even higher usage at 35% in Bihar and 33% in Odisha (18). In comparison, rural populations in African countries report lower SLT use, ranging from 5% to 10% (26). A global review of SLT consumption among women of reproductive age noted a wide range of prevalence, from 0.4% to 73%, with the highest rates in Southeast Asia (27). Among adolescents, SLT use has been reported globally at 4.4%, with some rural areas in India showing prevalence as high as 21% (28, 29). In the present study, the prevalence of smokeless tobacco use was 58.26%, with higher usage observed among males (60%) compared to females (40%). This gender disparity aligns with global findings reported by Siddiqi et al. (8), who observed a higher prevalence of smokeless tobacco use among males across 95 countries.

The upper age limit of 65 years was chosen to minimize the confounding effects, such as many individuals exhibit advanced periodontal tissue breakdown independent of tobacco use due to age-related physiological changes (e.g., reduced regenerative capacity, cumulative lifetime biofilm exposure) (30, 31). Also, in our pilot data, >90% of active tobacco chewers in the target population were ≤65 years, as older adults often quit or transition to non-chewing forms.

The use of disclosing agents without explorers or probes was chosen to ensure standardized, reproducible, and objective plaque assessment across all tooth surfaces, including interproximal areas. Unlike tactile methods, which are prone to examiner variability, disclosing agents visually highlight plaque accumulation, enabling consistent quantification across subjects (32). This approach aligns with the study's primary aim to evaluate plaque coverage area rather than thickness or consistency, which would require tactile examination. Similar non-invasive plaque assessment techniques have been validated and widely applied in epidemiological research (19).

According to “Global Adult Tobacco Survey (GATS)” data, the prevalence of smokeless tobacco consumption in Chhattisgarh declined from 47.2% in GATS-1 to 36% in GATS-2, yet it continues to exceed the prevalence of smoking in the region (18). While specific epidemiological data for smokeless tobacco use in Rajnandgaon district are lacking, patterns observed across the state suggest considerable usage in smaller towns and villages (1). In contrast, our study revealed a higher prevalence of 58.26%, which may be attributed to the easy accessibility and aggressive local marketing of smokeless tobacco products. These findings highlight the urgent need for focused public health strategies and community-level interventions to address this issue (27).

The findings of our study revealed significant correlations between SLT consumption and detrimental clinical outcomes related to periodontal health. Analyzing a robust and well-defined population of 1,025 individuals, this research provides valuable insights into the expanding body of evidence suggesting that SLT use is a significant factor in the onset and progression of periodontal disease. This issue is particularly pressing in rural areas, where the prevalence of SLT habits is high, and oral hygiene practices are often inadequate, amplifying the risk of periodontal disease severity and progression (33).

Our findings illustrate that users of SLT products experience greater clinical attachment loss (CAL), gingival recession (GR), and probing pocket depth (PPD) compared to non-tobacco users (NTB), with p-values < 0.001 across all assessed metrics. These results robustly validate the hypothesis that, despite being smokeless, SLT products cause significant damage to periodontal tissues and contribute to a serious health burden. The localized placement of SLT within the oral cavity results in prolonged exposure to a myriad of carcinogenic and cytotoxic substances, including nicotine, tobacco-specific nitrosamines (TSNAs), and slaked lime. Such prolonged exposure undermines epithelial integrity, triggers inflammatory reactions, and accelerates the degradation of connective tissue (34). Moreover, users of Gutkha and tobacco-lime demonstrated markedly worse periodontal disease outcomes compared to those who use Khaini. This disparity persisted even after rigorous adjustments for potential confounding factors such as age, gender, oral hygiene habits, and frequency of use. These results align with previous research (14–16, 35), which has underscored the harmful composition of Gutkha, a concoction that contains not only tobacco but also areca nut and slaked lime, intensifying its corrosive potential. In the present study, the regression analysis revealed that Gutkha use is associated with a significant increase in CAL, exceeding 2.29 mm (p < 0.001), thereby highlighting its detrimental impact on periodontal health.Our results expand on previous research by providing detailed data regarding the impact of smokeless tobacco (SLT) placement, chewing duration, and frequency, which have often been overlooked. Participants who regularly placed SLT in the lower buccal vestibule showed the highest values for clinical attachment loss (CAL) and gingival recession (GR). This aligns with the findings of Robertson et al. (11) and Chu et al. (36), which emphasized the localized nature of tissue destruction caused by SLT. Furthermore, chewing tobacco for longer than five minutes or more than five times daily significantly worsened periodontal health, indicating a clear dose-response relationship. These findings provide strong clinical evidence that both the intensity and pattern of SLT use modulate periodontal risk.

Age and gender were also found to influence periodontal status, with older individuals and males demonstrating higher CAL and PPD. This is biologically plausible given the cumulative exposure to tobacco and reduced tissue resilience with age. Furthermore, males may exhibit different behavioral patterns related to SLT consumption and oral hygiene that could exacerbate disease progression. Poor oral hygiene practices, especially the use of fingers or neem sticks for brushing, and horizontal brushing techniques, were significantly associated with worse periodontal outcomes, likely due to inadequate plaque removal and soft tissue trauma (12, 16, 37–40).

Our regression and structural equation models (SEM) further reinforced these associations, showing that demographic factors, tobacco type, duration, and frequency of use, and brushing methods collectively explained over 60% of the variance in gingival recession and nearly 37% of the variance in probing depth, demonstrating a strong explanatory power. These quantitative insights are critical, as they suggest that targeted modifications in behavior—such as reducing chewing frequency and improving oral hygiene—could substantially mitigate the risk of periodontitis, even in high-risk populations (13, 34).

The findings from our study are in contrast to those of Bhandarkar et al. (41), who suggested that certain SLT products, such as Khaini and Gutkha, had minimal impact on periodontal health. Such discrepancies may reflect differences in SLT formulations across regions, study design, sample sizes, or the depth of periodontal assessment (41). Notably, our study utilized multiple validated clinical indicators (CAL, PPD, GR) and statistical modeling, which provides a more comprehensive picture of periodontal tissue deterioration.

The biological mechanisms underlying SLT-related periodontal damage are multifactorial. Nicotine absorbed through the oral mucosa disrupts neutrophil chemotaxis, impairs phagocytic activity, reduces fibroblast function, and limits revascularization and wound healing, all of which contribute to progressive attachment loss (42–45). Additionally, local vasoconstriction induced by nicotine may mask early signs of inflammation, potentially delaying diagnosis and treatment. The presence of slaked lime in many SLT products further elevates pH, increasing the bioavailability of free-base nicotine and exacerbating tissue toxicity (46, 47).

This study also highlights critical public health implications. The high prevalence of SLT consumption among males in the rural population, coupled with poor oral hygiene practices and low educational attainment, underscores the need for integrated community-based interventions. Oral health promotion campaigns should be culturally tailored and emphasize not only the risks of SLT consumption but also the importance of effective oral hygiene, including the use of toothbrushes and appropriate brushing techniques.


4.1 Strengths, limitations, and future scope

One of the strengths of this research is its stratified analysis of SLT types, duration, placement, and frequency, making it one of the few studies in the Indian context to provide such detailed insights. Moreover, by combining cross-sectional epidemiology with multivariate and structural equation modeling (SEM) analyses, we offer a robust framework for understanding the interplay between behavioral risk factors and periodontal outcomes.

Nevertheless, certain limitations must be acknowledged. Being a cross-sectional study, causality cannot be definitively established. Additionally, self-reported tobacco use may be subject to recall bias or underreporting due to social desirability. The study also did not explore microbiological or immunological markers, which could have helped to elucidate the mechanistic pathways linking SLT use with periodontal destruction. Furthermore, Gudakhu use was exclusive to female participants in this cohort, limiting gender-based comparisons for this particular product. Although we employed rigorous interview methods to assess tobacco chewing duration, some recall bias may remain inherent to self-reported behavioral data. However, our approach aligns with WHO recommendations for tobacco surveillance and has demonstrated validity in similar oral health studies (48, 49).

Despite its strengths, this study is limited by its observational design. Longitudinal studies are required to determine the temporal relationship between SLT consumption and periodontal tissue destruction. Future investigations should also include microbiological and inflammatory biomarker profiling to better characterize the biological impact of various SLT products. Additionally, intervention studies targeting SLT cessation and improved oral hygiene should be conducted to assess the reversibility of periodontal damage and the effectiveness of public health strategies in high-burden settings. Biochemical verification, such as testing for salivary cotinine, was not conducted; however, this can be challenging to implement in large rural populations. The results pertain specifically to SLT usage (such as Gutkha and Gudakhu) in rural Chhattisgarh and may not apply to urban environments or other types of SLT, like snus or betel quid containing tobacco. Although adjustments were made for major confounding variables (such as age and oral hygiene), other unmeasured factors (like diet, genetics, and stress) could still impact periodontal health. Notably, the influence of passive smoking was not evaluated. The exclusion of older individuals (aged above 65 years) restricts understanding of the effects of SLT on older populations, where multiple health issues and accumulated tobacco exposure might increase periodontal damage. Gudakhu usage was limited to female participants, preventing gender-based comparisons for this particular product. Future research should analyze data by gender-related preferences regarding SLT. Incorporating community-based validation methods, such as interviews with family members, could help address this issue in future research.




5 Conclusions

The prevalence of smokeless tobacco consumption in Rajnandgaon, Chhattisgarh, was found to be 58.26%, with a higher proportion of users among males (60%) compared to females (40%). This study demonstrated a clear association between smokeless tobacco consumption, particularly Gutkha, and adverse periodontal outcomes, including increased clinical attachment loss, gingival recession, and probing pocket depth. The type, frequency, duration, and placement of tobacco significantly influenced periodontal disease severity and progression.

Demographic and hygiene-related factors, such as age, gender, and brushing methods, also contributed to disease severity. These findings underscore the need for targeted public health interventions that focus on motivation towards cessation of smokeless tobacco consumption and oral hygiene education, particularly in rural communities. Regulation of SLT consumption requires robust implementation and strict enforcement of the WHO Framework Convention on Tobacco Control (FCTC).



Data availability statement

The original contributions presented in the study are included in the article/Supplementary Material, further inquiries can be directed to the corresponding author.



Ethics statement

Ethical approval was obtained from the Institutional Ethical Committee, Chhattisgarh Dental College & Research Institute, Rajnandgaon (Ref. No. Perio-16/2019). Informed consent was obtained from all the human subjects involved in the study.



Author contributions

LS: Writing – review & editing, Data curation, Investigation, Resources. SY: Resources, Writing – review & editing, Conceptualization, Methodology, Project administration, Supervision, Validation, Writing – original draft. AA: Data curation, Formal analysis, Resources, Validation, Writing – original draft, Writing – review & editing. MM: Resources, Validation, Writing – review & editing, Data curation. SS: Resources, Validation, Writing – review & editing. VV: Resources, Validation, Writing – review & editing, Project administration. VD: Resources, Validation, Writing – review & editing. RS: Conceptualization, Funding acquisition, Methodology, Resources, Validation, Writing – review & editing.



Funding

The author(s) declare that financial support was received for the research and/or publication of this article. The publication fee was supported by the Deanship of Research and Graduate Studies (DRG) at Ajman University, Ajman, United Arab Emirates.



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Generative AI statement

The author(s) declare that no Generative AI was used in the creation of this manuscript.

Any alternative text (alt text) provided alongside figures in this article has been generated by Frontiers with the support of artificial intelligence and reasonable efforts have been made to ensure accuracy, including review by the authors wherever possible. If you identify any issues, please contact us.



Publisher's note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



References


	1. Gasner NS, Schure RS. Periodontal disease. In: StatPearls. Treasure Island (FL): StatPearls Publishing (2023). Available online at: https://www.ncbi.nlm.nih.gov/books/NBK554590/


	2. Hajishengallis G, Chavakis T, Lambris JD. Current understanding of periodontal disease pathogenesis and targets for host-modulation therapy. Periodontol. (2000. 2020) 84(1):14–34. doi: 10.1111/prd.12331


	3. Johannsen A, Susin C, Gustafsson A. Smoking and inflammation: evidence for a synergistic role in chronic disease. Periodontol 2000. (2014) 64(1):111–26. doi: 10.1111/prd.12036


	4. Sreedevi M, Ramesh A, Dwarakanath C. Periodontal status in smokers and nonsmokers: a clinical, microbiological, and histopathological study. Int J Dent. (2012) 2012:571590. doi: 10.1155/2012/571590


	5. Calsina G, Ramon JM, Echeverria JJ. Effects of smoking on periodontal tissues. J Clin Periodontol. (2002) 29(8):771–6. doi: 10.1034/j.1600-051x.2002.290806.x


	6. Haber J, Wattles J, Crowley M, Mandell R, Joshipura K, Kent RL. Evidence for cigarette smoking as a major risk factor for periodontitis. J Periodontol. (1993) 64(1):16–23. doi: 10.1902/jop.1993.64.1.16


	7. National Cancer Institute and Centers for Disease Control and Prevention. Smokeless tobacco and public health: a global perspective. U.S. Department of Health and Human Services, Centers for Disease Control and Prevention, and National Institutes of Health, National Cancer Institute. Bethesda, MD: NIH Publication No 14–7983 (2014). Available online at: https://cancercontrol.cancer.gov/brp/tcrb/global-perspective/SmokelessTobaccoAndPublicHealth.pdf


	8. Siddiqi K, Husain S, Vidyasagaran A, Readshaw A, Mishu MP, Sheik A. Global burden of disease due to smokeless tobacco consumption in adults: an updated analysis of data from 127 countries. BMC Med. (2020) 18(1):222. doi: 10.1186/s12916.020.01677.92


	9. Chugh A, Arora M, Jain N, Vidyasagaran A, Readshaw A, Sheikh A, et al. The global impact of tobacco control policies on smokeless tobacco use: a systematic review. Lancet Glob Health. (2023) 11(6):e953–68. doi: 10.1016/S2214-109X(23)00205-X3


	10. Niaz K, Maqbool F, Khan F, Bahadar H, Ismail Hassan F, Abdollahi M. Smokeless tobacco (paan and gutkha) consumption, prevalence, and contribution to oral cancer. Epidemiol Health. (2017) 39:e2017009. doi: 10.4178/epih.e2017009


	11. Robertson PB, Walsh M, Greene J, Ernster V, Grady D, Hauck W. Periodontal effects associated with the use of smokeless tobacco. J Periodontol. (1990) 61(7):438–43. doi: 10.1902/jop.1990.61.7.438


	12. Al-Tayar B, Tin-Oo MM, Sinor MZ, Alakhali MS. Prevalence and association of smokeless tobacco use with the development of periodontal pocket among adult males in Dawan Valley, Yemen: a cross-sectional study. Tob Induc Dis. (2015) 13:35. doi: 10.1186/s12971-015-0053-0


	13. Monten U, Wennstrom JL, Ramberg P. Periodontal conditions in male adolescents using smokeless tobacco (moist snuff). J Clin Periodontol. (2006) 33(12):863–8. doi: 10.1111/j.1600-051X.2006.00965.x


	14. Fisher MA, Taylor GW, Tilashalski KR. Smokeless tobacco and severe active periodontal disease, NHANES III. J Dent Res. (2005) 84(8):705–10. doi: 10.1177/154405910508400806


	15. Kamath KP, Mishra S, Anand PS. Smokeless tobacco use as a risk factor for periodontal disease. Front Public Health. (2014) 2:195. doi: 10.3389/fpubh.2014.00195


	16. Yadadi SS, Mohammed MM, Abdelhakim AAM, Badrkhan MH, Emam AAI, Alshatti A, et al. The prevalence of smokeless tobacco consumption and its effects on gingival and periodontal health among the adults in the Emirates of Sharjah, UAE—a cross-sectional study. J Pharm Bioall Sci. (2024) 16:S1447–52. doi: 10.4103/jpbs.jpbs_106_24


	17. von Elm E, Altman DG, Egger M, Pocock SJ, Gøtzsche PC, Vandenbroucke JP, et al. The strengthening the reporting of observational studies in epidemiology (STROBE) statement: guidelines for reporting observational studies. J Clin Epidemiol. (2008) 61(4):344–9. doi: 10.1016/j.jclinepi.2007.11.008


	18. Global Adult Tobacco Survey 2: India 2016–17. Ministry of Health and Family Welfare, Government of India. New Delhi: World Health Organization (2017). Available online at: https://www.who.int/publications/i/item/9789241516204


	19. O'Leary TJ, Drake RB, Naylor JE. The plaque control record. J Periodontol. (1972) 43(1):38–9. doi: 10.1902/jop.1972.43.1.38


	20. Silness J, Loe H. Periodontal disease in pregnancy III. Correlation between oral hygiene and periodontal condition. Acta Odontol Scand. (1964) 22:121–35. doi: 10.3109/00016356408993968


	21. Loe H, Silness J. Periodontal disease in pregnancy. I. Prevalence and severity. Acta Odontol Scand. (1963) 21:533–51. doi: 10.3109/00016356309011240


	22. Newman MG, Takei H, Klokkevold PR, Carranza FA. Carranza’s Clinical Periodontology. 13th ed. St. Louis, MO: Elsevier (2019).


	23. Listgarten MA. Periodontal probing: what does it mean? J Clin Periodontol. (1980) 7(3):165–76. doi: 10.1111/j.1600-051x.1980.tb01900.x


	24. Caton JG, Armitage G, Berglundh T, Chapple ILC, Jepsen S, Kornman KS, et al. A new classification scheme for periodontal and peri-implant diseases and conditions—introduction and key changes from the 1999 classification. J Periodontol. (2018) 89(Suppl 1):S1–8. doi: 10.1002/JPER.18-0157


	25. Sinha DN, Palipudi KM, Gupta PC, Singhal S, Ramasundarahettige C, Jha P, et al. Smokeless tobacco use: a meta-analysis of risk and attributable mortality estimates for India. Indian J Cancer. (2012) 49(4):349–55. doi: 10.4103/0019-509X.107738


	26. Suliankatchi RA, Sinha DN, Rath R, Thamarangsi T. Smokeless tobacco use in India and its association with various oral health problems: evidence from global adult tobacco survey 2009–10. BMJ Open. (2016) 6(10):e012458. doi: 10.1136/bmjopen-2016-012458


	27. Mehrotra R, Chaudhary AK, Pandya S, Singh M. Smokeless tobacco use among women: a global perspective. BMJ Glob Health. (2019) 4(2):e001394. doi: 10.1136/bmjgh-2019-001394


	28. Mathur A, Singh A, Mehta G, Anup N. Prevalence of tobacco use among adolescents in India: a school-based survey. J Oral Biol Craniofac Res. (2020) 10(2):139–43. doi: 10.1016/j.jobcr.2019.12.002


	29. World Health Organization. Global Youth Tobacco Survey: Factsheet—India. (2022). Available online at: https://www.who.int (Accessed May 05, 2025).


	30. Eke PI, Thornton-Evans GO, Wei L, Borgnakke WS, Dye BA, Genco RJ. Periodontitis in US adults: national health and nutrition examination survey 2009–2014. J Am Dent Assoc. (2018) 149(7):576–88.e6. doi: 10.1016/j.adaj.2018.04.023


	31. Albandar JM, Rams TE. Global epidemiology of periodontal diseases: an overview. Periodontol. (2000. 2002) 29(1):7–10. doi: 10.1034/j.1600-0757.2002.290101.x


	32. Ainamo J, Bay I. Problems and proposals for recording gingivitis and plaque. Community Dent Oral Epidemiol. (1975) 3(3):121–9. doi: 10.1111/j.1600-0528.1975.tb00086.x


	33. Agrawal N, Aggarwal A, Gupta ND, Tewari RK, Gupta J, Garg AK. Oral health consequences of use of smokeless tobacco in north India: a cross-sectional survey. Pesqui Bras Odontopediatria Clín Integr. (2021) 21:e0000. doi: 10.1590/pboci.2021.025


	34. Bergstrom J. Oral hygiene compliance and gingivitis expression in cigarette smokers. Scand J Dent Res. (1990) 98(6):497–503. doi: 10.1111/j.1600-0722.1990.tb01004.x


	35. Quadri MFA, Kamel AM, Nayeem M, John T, Thacheril A, Tartaglia G, et al. Smokeless tobacco and periodontitis: a systematic review with meta-analysis. J Periodontal Res. (2024) 59(6):1062–70. doi: 10.1111/jre.13274


	36. Chu YH, Tatakis DN, Wee AG. Smokeless tobacco use and periodontal health in a rural male population. J Periodontol. (2010) 81(6):848–54. doi: 10.1902/jop.2010.090310


	37. Ali R, Loney T, Al-Houqani M, Blair I, Aziz F, Al Dhaheri S, et al. Cigarette smoking and smokeless tobacco use among male south Asian migrants in the United Arab Emirates: a cross-sectional study. BMC Public Health. (2020) 20(1):815. doi: 10.1186/s12889-020-08882-9


	38. 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):e76005. doi: 10.1371/journal.pone.0076005


	39. Rolandsson M, Hellqvist L, Lindqvist L, Hugoson A. Effects of snuff on the oral health status of adolescent males: a comparative study. Oral Health Prev Dent. (2005) 3(2):77–85.16173384


	40. Singh A, Ladusingh L. Prevalence and determinants of tobacco use in India: evidence from recent global adult tobacco survey data. PLoS One. (2014) 9(12):e114073. doi: 10.1371/journal.pone.0114073


	41. Bhandarkar GP, Shetty KV, Jha K, Arati K, Thomas T. Correlation of periodontal parameters to various types of smokeless tobacco in tobacco pouch keratosis patients: a cross-sectional study. J Cancer Res Ther. (2020) 16(3):463–9. doi: 10.4103/jcrt.JCRT_494_19


	42. Brembach TC, Sabat R, Witte K, Schwerdtle T, Wolk K. Molecular and functional changes in neutrophilic granulocytes induced by nicotine: a systematic review and critical evaluation. Front Immunol. (2023) 14:1200000. doi: 10.3389/fimmu.2023.1200000


	43. Fang Y, Svoboda KK. Nicotine inhibits human gingival fibroblast migration via modulation of Rac signalling pathways. J Clin Periodontol. (2005) 32(12):1200–7. doi: 10.1111/j.1600-051X.2005.00847.x


	44. Totti N, McCusker KT, Campbell EJ, Griffin GL, Senior RM. Nicotine is chemotactic for neutrophils and enhances neutrophil responsiveness to chemotactic peptides. Science. (1984) 223(4632):169–71. doi: 10.1126/science.6581926


	45. Zhang Y, He J, He B, Huang R, Li M. Effect of tobacco on periodontal disease and oral cancer. Tob Induc Dis. (2019) 17:40. doi: 10.18332/tid/107013


	46. McDaniel JC, Browning KK. Smoking, chronic wound healing, and implications for evidence-based practice. J Wound Ostomy Continence Nurs. (2014) 41(5):415–23; quiz E1–2. doi: 10.1097/WON.0000000000000055


	47. Silva H. Tobacco use and periodontal disease—the role of microvascular dysfunction. Biology. (2021) 10(5):443. doi: 10.3390/biology10050443


	48. World Health Organization. Tobacco Questions for Surveys: A Subset of key Questions from the Global Adult Tobacco Survey (GATS). 2nd ed. Geneva: WHO (2015). Available online at: https://apps.who.int/iris/handle/10665/149465


	49. Agaku IT, Ayo-Yusuf OA, Vardavas CI. A comparison of self-reported exposure to tobacco smoke and biomarkers of exposure among non-smoking adults in the United States. Public Health. (2014) 128(11):1038–46. doi: 10.1016/j.puhe.2014.08.002






OPS/images/froh-06-1659319-g001.jpg
Screening the
patients

(n=1404)

Non-Tobacco
Users
(n=229)

Tobacco Users
(n=1175)

y

Recording of
clini
parameters

Tobacco Users Questionnaire

Incomplete Data Plaque Index

Smokeless Tobacco Gingival Index
users (SLT); n=12 Pocket Probing Depth
Non-Tobacco users i el
sy Clinical Attachment Level






OPS/xhtml/Nav.xhtml




Contents





		Cover



		Prevalence of smokeless tobacco use and its impact on periodontal health among adults in Rajnandgaon, Chhattisgarh, India: a cross-sectional study

		1 Introduction



		2 Materials and methods



		2.1 Study design



		2.2 Research participants and ethical approval



		2.3 Eligibility criteria



		2.4 Sample size estimation



		2.5 Research information sheet



		2.6 Clinical examination and clinical parameters recording



		2.7 Data collection



		2.8 Statistical analysis











		3 Results



		3.1 Demographic characteristics and oral hygiene methods across the study groups



		3.2 Type of smokeless tobacco used



		3.3 Comparison of clinical parameters across the study groups



		3.4 Effect of tobacco placement on periodontal health



		3.5 Effect of tobacco chewing duration on periodontal health



		3.6 Effect of frequency of tobacco use on periodontal health



		3.7 Regression analysis



		3.8 Structural equation model (SEM) analysis











		4 Discussion



		4.1 Strengths, limitations, and future scope











		5 Conclusions



		Data availability statement



		Ethics statement



		Author contributions



		Funding



		Conflict of interest



		Generative AI statement



		Publisher's note



		References




















OPS/images/cover.jpg
& frontiers | Frontiers in Oral Health

Prevalence of smokeless tobacco use and its
impact on periodontal health among adults in
Rajnandgaon, Chhattisgarh, India: a cross-
sectional study








OPS/images/crossmark.jpg
(®) Check for updates.





OPS/images/logo.jpg
& frontiers | Frontiers in Oral Health





