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ABSTRACT
INTRODUCTION This study aims to evaluate the association 
between oral malignant and oral potentially malignant 
disorders with smoking and chewing forms of tobacco.
METHODS A search was conducted in Medline, Cochrane 
databases, Google Scholar, Scopus and Web of Science for 
studies up to December 2021. PRISMA guidelines were 
followed for the meta-analysis. Participants were adolescent 
children or adults with no age restrictions. Exposed to 
the risk factors were participants with a habit of tobacco 
chewing and/or smoking. Outcomes were oral malignancy 
or other potentially malignant oral disorders. Quality 
was evaluated using the Risk of Bias Assessment tool. 
Random effects model was used to assess and compare the 
association between smoking and chewing forms of tobacco 
with the outcome measure. Assessment of certainty of 
evidence was conducted using GRADE analysis.
RESULTS A total of 30764 tobacco smokers and 36134 
tobacco chewers with oral cancer were available for analysis. 
Similarly, 4135 tobacco smokers and 4033 tobacco chewers 

were available for analysis for oral potentially malignant 
disorders. Tobacco chewers were significantly associated 
with higher presence of oral potentially malignant disorders 
among patients with both mixed (OR=2.20; 95% CI: 1.25–
3.87, p=0.001; I2=93%) and no mixed usage (OR=2.63; 
95% CI: 2.01–3.43, p=0.001; I2=44%) when compared with 
tobacco smokers with mixed and no mixed usage. Tobacco 
chewers were also significantly associated with higher 
presence of higher oral malignancy among patients with both 
mixed (OR=2.26; 95% CI: 1.19–4.28, p=0.01; I2=91%) and no 
mixed usage (OR=2.98; 95% CI: 1.62–5.46, p=0.001; I2=0%) 
when compared with tobacco smokers with mixed and no 
mixed usage.
CONCLUSIONS This meta-analysis provides substantial 
evidence that consumption of chewing tobacco is 
significantly associated with higher oral malignancy and 
oral potentially malignant disorders compared to smoking 
tobacco.

INTRODUCTION
The tobacco epidemic is a major public health threat and 
one of the most important risk factors for premature deaths 
globally1. Tobacco kills more than 8 million people every year 
as a result of direct tobacco use, with another 1.2 million 
people dying as a result of secondhand smoke exposure2. 
Low- and middle-income countries, where the burden of 
tobacco related illness and death is maximum, account for 
more than 80% of the world’s 1.3 billion tobacco consumers3.

Oral cancer is the eighth most common cancer-related 
cause of death. Oral cancer claims the lives of over 175000 
people each year, and over 370000 people are diagnosed 
yearly with the disease4. It is the leading form of cancer 
among males in South-East Asia and fourth most common 
form among the females5. Oral cancer is a widely prevalent 
cancer in developing countries and less prevalent in 
developed countries. However, a reversal in the down trend 
is being observed in developed countries4-7. The incidence of 
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oral cancer in the United Kingdom has risen by 68% in the 
last 20 years8.

Oral squamous cell carcinoma is a type of oral cancer that 
accounts for more than 90% of all oral cancers9. Malignant 
neoplasm arising in the lining mucosa of the lips, mouth, 
including anterior two-thirds of tongue, is termed oral 
cancer. This case definition is adopted from World Health 
Organization case definition and International Agency for 
Research and Cancer, which conforms to the definition of 
oral cavity cancers by International Classification of Diseases 
(ICD)10. Oral potentially malignant disorders (OPMDs) are a 
category of lesions and conditions that are associated with a 
greater risk of developing cancers of the lip and oral cavity11. 
WHO classification on head and neck tumors has endorsed 
the terminology12.

Tobacco use is one of the major factors leading to the 
increasing rate of oral cancer4-8. Tobacco is classified into two 
groups depending on how it is consumed: smoked tobacco 
and smokeless tobacco. Smoking is the most common form 
of tobacco used worldwide and is highly addictive. Smokeless 
tobacco is chewed, snuffed or dipped rather than burned. The 
tobacco is cut up and moistened before chewing or keeping 
it between the gum and the cheek in the mouth. Herbs, areca 
nut, betel leaf, and slaked lime are some of the ingredients 
used with chewing tobacco. Smokeless tobacco products 
contain potentially harmful ingredients including tobacco-
specific nitrosamines, cadmium, and nicotine. Tobacco is 
harmful in all forms, and there is no safe level of tobacco 
exposure. Smoking has been associated with oral cancers in 
different systematic reviews13,14.  A significant association has 
also been noted between use of smokeless tobacco and oral 
cancer in systematic reviews at global level and region level, 
e.g. South-East Asia, Middle East, North Africa, Europe, and 
North America15-18.

Numerous studies have been conducted to associate 
tobacco with oral mucosal lesions. However, only a few 
evaluated and compared associations between smoking 
and chewing forms of tobacco with oral cancer and oral 
potentially malignant disorders19-32. This review provides a 
meta-analysis of the research evidence on the association 
between chewing and smoking use of tobacco with oral 
cancer and oral potentially malignant disorders.  The 
research aim was to evaluate differences, if any, between 
tobacco smokers and chewers for oral cancer and oral 
potentially malignant disorders. The results will fill the gap 
in data on the independent effects of smoked and chewed 
tobacco on oral mucosa. The specific aim of the study was to  
compare, evaluate and quantify the pooled differences of the 
association between chewing and smoking forms of tobacco 
with oral malignancy or oral potentially malignant disorders. 

METHODS
Inclusion criteria
Inclusion and exclusion criteria were determined prior to 
the literature search. Type of studies considered were all 

observational studies including prospective, retrospective, 
case control and cross-sectional studies evaluating the 
association between oral malignant and oral potentially 
malignant disorders with smoking and chewing forms of 
tobacco. Participants were  adolescent children or adults 
with no age restrictions. Exposed to the risk factors were 
considered those participants with a habit of tobacco chewing 
and/or smoking. There were two mixed usage groups. Mixed 
usage smokers, this included only smokers and smokers 
who also chewed tobacco, and mixed usage chewers which 
included only chewers and tobacco chewers who also smoked. 
Consumption of either only tobacco chewing or only smoking 
was measured as non-mixed usage. The outcomes were oral 
malignancy or oral disorders with malignant potential. 

Assessment of oral cancer and other potentially malignant 
disorders was made clinically using the International 
Statistical Classification of Diseases and Related Health 
Problems, 10th version, ICD-10, with a histological 
confirmation. Any malignant neoplasm arising in the lining 
mucosa of the lips, mouth, including anterior two-thirds 
of the tongue, was termed as oral cancer as defined in the 
ICD cancer diagnostic groups. Posterior third of tongue and 
oropharyngeal sites were not included.

 Exposure was assessed using history/questionnaire 
assessments at the time of clinical examination. Current 
tobacco smokers or chewers were daily users of tobacco for 
at least one year irrespective of the level of consumption. 
Former tobacco users were defined as those who used 
either smoking or chewing tobacco but currently do not 
use any form of tobacco. Adults who reported that they 
neither smoked nor used smokeless tobacco in their life 
time were defined as never users.  Occasional users, former 
users, or daily users exposed for less than one year were not 
considered in the meta-analysis. 

Search strategy
A search was conducted in Medline, Cochrane databases, 
Google Scholar, Scopus and Web of Science for studies 
up to December 2021. PRISMA guidelines were followed 
for the meta-analysis. Keywords used for conducting 
literature search were: precancerous conditions, oral cancer, 
chewing tobacco, smokeless tobacco, tobacco smoking. 
Boolean operators used with keywords are given in the 
Supplementary file. Selection of studies was independently 
carried out by the two investigators (AS and BP). First, a 
pre-screening of title and abstracts was  conducted to decide 
the studies to be retrieved in full and to exclude ineligible 
studies. Second, the retrieved studies were examined to be 
select those to be included in the review. Differences between 
the two investigators were resolved by discussion. A third 
person with subject expertise had been pre-approved by 
the two investigators if the need arose, if there was a lack of 
consensus. References in the selected articles were manually 
reviewed and retrieved if they were possibly relevant. The 
articles were searched using English keywords. However, no 
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restrictions were placed on language of publication.  Attempt 
was also made to search grey literature through unpublished 
articles and manual searching of non-indexed journals, but 
no articles were retrieved. The grey literature was searched 
in non-indexed journals at the library of the All India 
Institute of Medical Sciences, New Delhi, (AIIMS) New Delhi 
and AIIMS, Bhopal. Grey literature was also searched through 
abstracts, presentations at conferences, online clinical 
registries including results of completed but unpublished 
trials, for inclusion in the review. The study protocol was 
registered with PROSPERO at Centre for Reviews and 
Dissemination, University of York (CRD42021242894).

Data extraction and quality assessment
Outcomes data were extracted independently in a pilot 
tested worksheet by the two investigators (AS and BP) 
using guidelines by the Cochrane Collaboration. Differences 
between the two investigators were resolved by discussion. 
Characteristics of the studies included in meta-analysis 
are presented in Table 1. Quality was evaluated by both 
the investigators using the Risk of Bias Assessment tool 
for Non-randomized Studies14.  Six domains, i.e. participant 
selection, confounding variables, exposure measurement, 
attrition for prospective studies, incomplete outcome date, 

and selective outcome reporting, were evaluated according to 
low, moderate, and high risk of bias (Table 2). Moderate risk 
of bias was allotted to studies where randomization was not 
stated explicitly. Attrition was reported only for prospective 
studies. Heterogeneity in meta-analysis is the difference in 
study outcomes among the included studies. The I2 statistic 
denotes the percentage difference in study results that are 
due to heterogeneity rather than chance. A value of 0% 
represents no observed heterogeneity, and bigger values 
reflect increasing heterogeneity. A decline in the I2 value 
implies that the heterogeneity was being contributed by 
studies which were not part of this group.

Statistical analysis
Systematic review was conducted using Cochrane Program 
Review Manager Version 5. Random effects model was used 
to pool and compare the association between smoking and 
chewing forms of tobacco with oral malignancy or oral 
potentially malignant disorders. Mantel-Haenszel estimate 
was used in the Random effects model. Summary odds ratio 
with 95% confidence interval was calculated for evaluating 
the association levels. Assessment of certainty of evidence 
was conducted using GRADE analysis. Statistical significance 
was set at p<0.05. 

Table 1. Characteristics of studies included in the meta-analysis and number of participants with precancerous 
and cancerous lesions, according to tobacco use 

Authors
Date
Location

Study design 
and duration

Number of 
participants

Age 
group 

(years)

Tobacco 
smokers

Tobacco 
chewers

Mixed users
(smoking + 

chewing) 
Aishwarya et 
al.19

2018
India

Cross-sectional 
4 months 
(2015)

Sample size: 280 
Tobacco smokers: 50
Tobacco chewers: 50 
Mixed: 40

≥18 Precancerous 
lesions: 21
Oral cancer: 1

Precancerous 
lesions: 36
Oral cancer: 7

Precancerous 
lesions: 22
Oral cancer: 4

Behura et al.20 
2015
India

Case control 
12 months 
(2013)

Sample size: 450
Cases: 150 
(with lesions)
Control: 300 
(without lesions)
Tobacco smokers: 55
Tobacco chewers: 55
Mixed: 40

≥15 Precancerous 
lesions: 19
Oral cancer: 1

Precancerous 
lesions: 34
Oral cancer: 8

Precancerous 
lesions: 21
Oral cancer: 5

Gupta et al.21

2014 
India

Cross-sectional
4 years
(2006–2009)

Sample size: 471 
(from 147983 screened 
patients)
Tobacco smokers: 72
Tobacco chewers: 116
Mixed: 102

≥18 Precancerous 
lesions: 22
Oral cancer: 9

Precancerous 
lesions: 64
Oral cancer: 24

Precancerous 
lesions: 70
Oral cancer: 10

Joshi et al.22

2016 
India

Case control 
12 months 
(2013)

Sample size: 4795
Cases: 150
Control: 300
Tobacco smokers: 1748
Tobacco chewers: 1819
Mixed: Not reported

≥15 Precancerous 
lesions: 1628

Precancerous 
lesions: 1590

Not reported

Continued
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Table 1. Continued

Authors
Date
Location

Study design 
and duration

Number of 
participants

Age 
group 

(years)

Tobacco 
smokers

Tobacco 
chewers

Mixed users
(smoking + 

chewing) 
Kavarodi et al.23 
2014
Qatar

Cross-sectional 
5 years 
(2005–2010)

Sample size: 1375 (from 
3946 screened patients)
Tobacco smokers: 958
Tobacco chewers: 169
Mixed: 248

≥18 Precancerous 
lesions: 30

Precancerous 
lesions: 15

Precancerous 
lesions: 30

Koothati et al.24 
2020
Peru

Cross-sectional 
6 months 
(2012)

Sample size: 3200 
Tobacco smokers: 320
Tobacco chewers: 334
Mixed: 248

16–75 Precancerous 
lesions: 12

Precancerous 
lesions: 52

Precancerous 
lesions: 30

Priya et al.25

2018
India

Cross-sectional 
3 months 
(2011)

Sample size: 300 
Tobacco smokers: 148
Tobacco chewers: 101
Mixed: 51

≥15 Precancerous 
lesions: 12

Precancerous 
lesions: 16

Precancerous 
lesions: 4

Sujatha et al.26 
2012
India 

Cross-sectional 
9 months 
(2010–2011)

Sample size: 1028
Tobacco smokers: 403
Tobacco chewers: 289
Mixed: 226

Not 
reported

Precancerous 
lesions: 108
Oral cancer: 1

Precancerous 
lesions: 142
Oral cancer: 5

Precancerous 
lesions: 95
Oral cancer: 2

Vikneshan et 
al.27 
2016 
India

Cross-sectional 
9 months 
(2010–2011)

Sample size: 1500
Tobacco smokers: 245
Tobacco chewers: 950
Mixed: 305

Industrial 
workers 
(age 
group not 
reported)

Precancerous 
lesions: 46
Oral cancer: 0

Precancerous 
lesions: 251
Oral cancer: 4

Precancerous 
lesions: 14
Oral cancer: 4

Vinay et al.28 
2014 
India 

Cross-sectional 
3 months 
(2012)

Sample size: 1200
Tobacco smokers: 136
Tobacco chewers: 150
Mixed: Not reported

20–70 Precancerous 
lesions: 16
Oral cancer: 0

Precancerous 
lesions: 29
Oral cancer: 0

Not reported

Amtha et al.29 
2015 
Indonesia

Case control 
1 year and 4 
months 
(2005–2006)

Sample size: 280 
Cases: 81 Control: 162
Tobacco smokers: 124
Tobacco chewers: 9 
Mixed: 0

23–74 Oral cancer: 45 Oral cancer: 6 Oral cancer: 0

Lin et al.30 
2010
Taiwan

Cohort 
2 years and 8 
months 
(2005–2008)

Sample size: 10657
Tobacco smokers: 2268
Tobacco chewers: 758
Mixed: 520

≥18 Oral cancer: 
174

Oral cancer: 
126

Not reported

Madani et al.31 
2020 
India

Case control 
1 year and 7 
months 
(2005–2006)

Sample size: 700
Cases: 350 Control: 350
Tobacco smokers: 186
Tobacco chewers: 225
Mixed: Not reported

≥18 Oral cancer: 
125

Oral cancer: 
175

Not reported

Pednekar et al.32 
2011
India

Cohort 
Recruitment: 
1991–1997
Follow up: 
5.5 years 
(1997–2003)

Sample size: 88658
Follow up: 87222
Tobacco smokers: 27361
Tobacco chewers: 33682
Mixed: Not reported

≥35 Oral cancer: 
518

Oral cancer: 
476

Not reported
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RESULTS
Literature search yielded 22 potentially relevant 
publications, of which 14 were included in the review as 
shown in Figure 1. Ten studies were included for the meta-
analysis which assessed the association between chewing 
and smoking forms of tobacco with pre-malignant disorders. 
Similarly, nine studies were included which assessed 
association between chewing and smoking forms of tobacco 
with oral cancers. Characteristics of the included studies are 
described in Table 1. A total of 30764 tobacco smokers and 
36134 tobacco chewers with mixed usage, were available for 
analysis for oral cancers. Similarly, 4135 tobacco smokers 
and 4033 tobacco chewers with mixed usage, were available 
for analysis for oral potentially malignant disorders.  Majority 
of the studies included were cross-sectional in nature and 
involved Asian populations. Cigarettes and bidis were the 
most commonly used forms of smoked tobacco. The most 

commonly involved sites for oral cancer and other potentially 
malignant disorders were buccal mucosa and lateral surface 
of tongue. 

Table 2 presents the quality of studies included in the 
analysis. A low risk of bias was present under the domain 
for selection of participants.  Attrition levels were low in 
prospective studies. Also, a low to moderate risk of bias was 
present for incomplete outcome data and selective outcome 
reporting. 

Meta-analysis of studies evaluating presence of oral 
potentially malignant disorders associated with tobacco 
smokers and chewers for mixed (overall) and no mixed 
usage are presented in Figures 2 and 3. Tobacco chewers 
were significantly associated with higher presence of oral 
potentially malignant disorders among patients with both 
mixed (OR=2.20; 95% CI: 1.25–3.87, p=0.006; I2=93%) and no 
mixed usage (OR=2.63; 95% CI: 2.01–3.43, p=0.001; I2=44%). 

Table 2. Quality assessment of studies included in the meta-analysis

Study Selection of  
participants

Confounding  
variables

Measurement   
 of exposure

Attrition 
(prospective 
studies only)

Incomplete   
outcome data

Selective 
outcome   
reporting

Aishwarya et al.19

2018
L L L NA L L

Behura et al.20 
2015

L L L NA L L

Gupta et al.21

2014
L M L NA L L

Joshi et al.22

2016
L M L NA M M

Kavarodi et al.23 
2014

L M L NA L L

Koothati et al.24 
2020

L L L NA L L

Priya et al.25

2018
L M L NA L L

Sujatha et al.26

2012
L L L NA L L

Vikneshan et al.27 
2016 

L L L NA L L

Vinay et al.28 
2014 

L M L NA M M

Amtha et al.29 
2015

L M L NA L L

Lin et al.30

2010
L L L NA L L

Madani et al.31 
2020 

L L L NA M M

Pednekar et al.32 
2011

L M L L M M

L: low risk of bias. M: moderate risk of bias. H: high risk of bias. U: unclear risk of bias. NA: not applicable.
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Figure 1. Flow diagram of study selection process 
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Figure 1. Flow diagram of study selection process

OPMD: oral potentially malignant disorders.

Figure 2.  Oral potentially malignant disorders associated with smoking (only smokers + smokers who also 
chew tobacco) and chewing (only chewers + chewers who also smoke) forms of tobacco
Figure 2:   
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Figure 3.  Oral potentially malignant disorders associated with smoking and chewing forms of tobacco with no 
mixed usage

Figure 4.  Oral malignancy associated with smoking (only smokers + smokers who also chew tobacco) and 
chewing (only chewers + chewers who also smoke) forms of tobacco

Figure 5.  Oral malignancy associated with smoking and chewing forms of tobacco with no mixed usage
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Figure 5:   

 

Meta-analysis of studies evaluating oral malignancy 
associated with tobacco smokers and chewers for mixed 
(overall) and no mixed usage are presented in Figures 4 and 
5. Tobacco chewers were significantly associated with the 
presence of higher oral malignancy among patients with both 
mixed (OR=2.26; 95% CI: 1.19–4.28, p=0.01; I2=91%) and no 
mixed usage (OR=2.98; 95% CI: 1.62–5.46, p=0.0001; I2=0%). 

Differences in I2 values from 93% to 44% were observed 
among studies conducted on only tobacco chewers, and 
smokers with no mixed consumption, for association with 
oral potentially malignant disorders. Similarly, differences in 
I2 values were noted from 91% to 0% were observed among 

studies conducted on only tobacco chewers, and smokers 
with no mixed usage, for association with oral malignancy. 

The level of evidence obtained from all observational 
studies for association between smoking and chewing forms 
of tobacco with oral potentially malignant lesions including 
mixed and non-mixed usage was moderate. Similarly, a 
moderate level of evidence was noted for the association 
between oral malignancies with tobacco usage (Table 3).  
Funnel plots were drawn for studies included in the pooled 
analysis for evaluating differences in association between 
tobacco chewers and tobacco smokers for oral potentially 
malignant disorders and oral malignancy (Figure 6).
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Table 3. GRADE assessment for certainty of evidence for association between chewing and smoking forms of tobacco with oral potentially malignant disorders 
and oral malignancy with mixed and no mixed tobacco usage 

Certainty assessment Number of patients
Number of 
studies

Study design Risk of bias Inconsistency Indirectness Impression Other 
considerations

Tobacco smoker Tobacco chewer OR 
95% CI

Certainty

Association between smoking and chewing forms of tobacco with oral potentially malignant lesions (mixed usage)
10 Observational Not serious Serious Not serious Not serious Strong 

association* 
1914/4135 (46.3%) 2229/4033 (55.3%) 0.45 

0.26–0.80 
⊕⊕⊕◯ 
Moderate

Association between smoking and chewing forms of tobacco with oral potentially malignant lesions (no mixed usage)
8 Observational Not serious Not serious Not serious Not serious Strong 

association* 
270/2251 (12%) 610/2064 (29.6%) 0.38 

0.29–0.50 
⊕⊕⊕◯ 
Moderate

Association between smoking and chewing forms of tobacco with oral cancer (mixed usage)
9 Observational Not serious Serious Not serious Not serious Strong 

association*
874/30764 (2.8%) 831/36134 (2.3%)  0.44 

0.23–0.84
⊕⊕⊕◯ 
Moderate

Association between smoking and chewing forms of tobacco with oral cancer (no mixed usage)
6 Observational Not serious Not serious Not serious Not serious Strong 

association* 
57/949 (6%) 54/1469 (3.7%) 0.34 

0.18–0.62
⊕⊕⊕◯ 
Moderate

*All plausible residual confounding would suggest spurious effect.
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DISCUSSION
This meta-analysis is the first in scientific literature 
to evaluate and assess the differences in association 
between tobacco smokers and chewers with oral cancer 
or oral potentially malignant disorders. Our meta-analysis 
demonstrated a significant higher association for tobacco 
chewers with oral cancer and oral potentially malignant 
disorders, when compared with tobacco smokers. 

It is essential to assess consistency of effects across 
studies in a meta-analysis. Differences in I2 values were 
noted among studies conducted on only tobacco chewers 
and smokers with no mixed usage, for association with 
oral malignancy or oral potentially malignant disorders. 
A lower heterogeneity is desirable as it reflects consistent 
finding across studies. Quality of evidence, as evaluated by 
GRADE, was moderate for the strong association between 
tobacco chewing with oral malignancy and oral potentially 
malignant disorders, with no mixed usage. Level of evidence 
was moderate for the overall association between tobacco 

chewing with oral malignancy or oral potentially malignant 
disorders, due to inconsistency in results.

Tobacco use has major economic costs, which include 
significant healthcare costs for treating diseases caused by 
tobacco use, as well as lost human resources due to tobacco-
related morbidity and mortality. Tobacco use accounts for 
more than 80% of oral cancers and is a major cause of lost 
productivity due to premature deaths. With over 350 million 
users worldwide, smokeless tobacco use is a serious public 
health challenge, particularly in South-East Asia33. Users 
of both chewing and smoking products realize tobacco 
cessation is more challenging to achieve than among those 
who only chew or smoke tobacco34. A need for research on 
curbing major challenges in regulating use of smokeless 
tobacco has been long felt and subsequently highlighted in 
several sessions of the Framework Convention on Tobacco 
Control (FCTC)35.

Combating the tobacco epidemic is enormous and among 
the gravest public health challenges. Smokeless tobacco use 
is increasing rapidly in many regions including South-East 

 

 

 

 

 

 

 

 

Figure 6. Funnel plots for studies included in the pooled analysis 
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Asia, especially among young people36. A misperception 
that exists is that using tobacco products like smokeless 
tobacco is less detrimental to one’s health than smoking 
cigarettes. In most countries, there are no health warnings 
on the packaging of smokeless tobacco34,35. This adds to the 
idea that using chewing tobacco is relatively risk-free.  This 
study establishes that although tobacco consumption is 
hazardous in any form, chewing tobacco is more injurious 
due to higher association with oral malignancy and other 
malignant disorders, compared to smoked tobacco. 

	
Limitations
Individual effects of tobacco and areca were not separated 
and could be considered as study limitation. Sub-group 
analysis and sensitivity analysis were not considered with 
the high heterogeneity levels in the study. Also, the majority 
of the included studies were cross-sectional in nature. 
These are few of the study limitation. However, this study 
establishes that chewing tobacco is not a safe alternative 
to smoking. The present study was an attempt to fill the 
knowledge gap and to provide evidence for comparative 
association between chewed and smoked tobacco with oral 
malignancy and oral potentially malignant disorders. 

CONCLUSIONS
Our meta-analysis pools evidence that consumption of 
chewing tobacco is significantly associated with higher 
oral malignancy and oral potentially malignant disorders,  
compared to smoking tobacco. Further prospective studies 
need to be conducted to confirm this association between 
chewing and smoking forms of tobacco with oral malignancy 
and oral potentially malignant disorders, due to a moderate 
certainty of evidence presented in our study. 
REFERENCES
1.	 GBD 2015 Tobacco Collaborators. Smoking prevalence and 

attributable disease burden in 195 countries and territories, 
1990-2015: a systematic analysis from the Global Burden of 
Disease Study 2015. Lancet. 2017;389(10082):1885-1906. 
doi:10.1016/S0140-6736(17)30819-X

2.	 World Health Organization. Tobacco. WHO; 2022. Accessed 
February 6, 2023. https://www.who.int/news-room/fact-
sheets/detail/tobacco

3.	 Joshi U, Modi B, Yadav S. A study on prevalence of chewing 
form of tobacco and existing quitting patterns in urban 
population of jamnagar, gujarat. Indian J Community Med. 
2010;35(1):105-108. doi:10.4103/0970-0218.62560

4.	 Sung H, Ferlay J, Siegel RL, et al. Global Cancer Statistics 
2020: GLOBOCAN Estimates of Incidence and Mortality 
Worldwide for 36 Cancers in 185 Countries. CA Cancer J Clin. 
2021;71(3):209-249. doi:10.3322/caac.21660

5.	 World Health Organization, South East Asian Region. The 
global cancer observatory. WHO-SEARO; 2020. Accessed 
February 6, 2023.  https://gco.iarc.fr/today/data/
factsheets/populations/995-who-south-east-asia-region-
searo-fact-sheets.pdf 

6.	 Miranda-Filho A, Bray F. Global patterns and trends 
in cancers of the lip, tongue and mouth. Oral Oncol. 
2020;102:104551. doi:10.1016/j.oraloncology.2019.104551

7.	 Gupta N, Gupta R, Acharya AK, et al. Changing Trends in oral 
cancer - a global scenario. Nepal J Epidemiol. 2016;6(4):613-
619. doi:10.3126/nje.v6i4.17255

8.	 Gulland A. Oral cancer rates rise by two thirds. BMJ. 
2016;355:i6369. doi:10.1136/bmj.i6369

9.	 Jiang X, Wu J, Wang J, Huang R. Tobacco and oral squamous 
cell carcinoma: A review of carcinogenic pathways. Tob Induc 
Dis. 2019;17(April):29. doi:10.18332/tid/105844

10.	Fritz A, Percy C, Jack A, Shanmugaratnam K, Sobin L, 
Parkin D.M., Whelan S, eds. International Classification of 
Diseases for Oncology. 3rd ed. World Health Organization; 
2000. Accessed February 6, 2023. https://apps.who.int/
iris/bitstream/handle/10665/42344/9241545348_eng.
pdf?sequence=1&isAllowed=y

11.	Warnakulasuriya S, Johnson NW, van der Waal I. Nomenclature 
and classification of potentially malignant disorders of 
the oral mucosa. J Oral Pathol Med. 2007;36(10):575-580. 
doi:10.1111/j.1600-0714.2007.00582.x

12.	Oral Potentially malignant disorders and oral epithelial 
dysplasia. In: El-Naggar AK, Chan JKC, Grandis JR, Takata T, 
Slootweg PJ, eds. World Health Organization Classification 
of Tumors: Head and Neck Tumors. 4th ed. IARC Press; 
2017:112-115.

13.	Sadri G, Mahjub H. Tobacco smoking and oral cancer: a meta-
analysis. J Res Health Sci. 2007;7(1):18-23.

14.	Rahman M, Sakamoto J, Fukui T. Bidi smoking and oral 
cancer: a meta-analysis. Int J Cancer. 2003;106(4):600-604. 
doi:10.1002/ijc.11265

15.	Asthana S, Labani S, Kailash U, Sinha DN, Mehrotra R. 
Association of Smokeless Tobacco Use and Oral Cancer: A 
Systematic Global Review and Meta-Analysis. Nicotine Tob 
Res. 2019;21(9):1162-1171. doi:10.1093/ntr/nty074

16.	Khan Z, Tönnies J, Müller S. Smokeless tobacco and 
oral cancer in South Asia: a systematic review with 
meta-analysis. J Cancer Epidemiol. 2014;2014:394696. 
doi:10.1155/2014/394696

17.	Quadri MFA, Tadakamadla SK, John T. Smokeless tobacco and 
oral cancer in the Middle East and North Africa: A systematic 
review and meta-analysis. Tob Induc Dis. 2019;17(July):56. 
doi:10.18332/tid/110259

18.	Lee PN, Hamling J. Systematic review of the relation between 
smokeless tobacco and cancer in Europe and North America. 
BMC Med. 2009;7(1). doi:10.1186/1741-7015-7-36

19.	Aishwarya KM, Reddy MP, Kulkarni S, Doshi D, Reddy 
BS, Satyanarayana D. Effect of Frequency and Duration 
of Tobacco Use on Oral Mucosal Lesions – A Cross-
Sectional Study among Tobacco Users in Hyderabad, 
India. Asian Pac J Cancer Prev. 2017;18(8):2233-2238.  
doi:10.22034/APJCP.2017.18.8.2233

20.	Behura SS, Masthan MK, Narayanasamy AB. Oral Mucosal 
Lesions Associated with Smokers and Chewers - A Case-
Control Study in Chennai Population. J Clin Diagn Res. 



Review Paper | Population Medicine

Popul. Med. 2023;5(March):8
https://doi.org/10.18332/popmed/160991

11

2015;9(7):ZC17-ZC22. doi:10.7860/JCDR/2015/14008.6169
21.	Gupta S, Singh R, Gupta OP, Tripathi A. Prevalence of oral 

cancer and pre-cancerous lesions and the association 
with numerous risk factors in North India: A hospital 
based study. Natl J Maxillofac Surg. 2014;5(2):142-148. 
doi:10.4103/0975-5950.154816

22.	Joshi M, Tailor M. Prevalence of most commonly 
reported tobacco-associated lesions in central Gujarat: A 
hospital-based cross-sectional study. Indian J Dent Res. 
2016;27(4):405-409. doi:10.4103/0970-9290.191890

23.	Kavarodi AM, Thomas M, Kannampilly J. Prevalence 
of oral pre-malignant lesions and its risk factors in 
an Indian subcontinent low income migrant group in 
Qatar. Asian Pac J Cancer Prev. 2014;15(10):4325-4329.  
doi:10.7314/apjcp.2014.15.10.4325

24.	Koothati RK, Raju DR, Krishna Prasad CL, Sujanamulk B, 
Srivastava A, Maloth KN. Prevalence of tobacco associated 
oral mucosal lesions in the population of Mahabubnagar 
District of Telangana State: A cross-sectional study. J 
Indian Acad Oral Med Radiol. 2020;32(2):149-153.  
doi:10.4103/jiaomr.jiaomr_36_20

25.	Krishna PM, Srinivas P, Devaki T. Evaluation of the Prevalence 
of Oral Mucosal Lesions in a Population of Eastern Coast of 
South India. J Int Soc Prev Community Dent. 2018;8(5):396-
401. doi:10.4103/jispcd.JISPCD_207_17

26.	Sujatha D, Hebbar PB, Pai A. Prevalence and correlation 
of oral lesions among tobacco smokers, tobacco chewers, 
areca nut and alcohol users. Asian Pac J Cancer Prev. 
2012;13(4):1633-1637. doi:10.7314/apjcp.2012.13.4.1633

27.	Vikneshan M, Ankola AV, Hebbal M, Sharma R, Suganya M. 
Patterns of Tobacco Usage and Oral Mucosal Lesions of 
Industrial Workers: A Cross Sectional Study. Austin J Public 
Health Epidemiol. 2016;3(1):1029.

28.	Vinay B, Baghirath P, Kumar J. Prevalence of precancerous 
lesions and conditions in Telangana region, Andhra Pradesh, 
India. J Indian Assoc Public Health Dent. 2014;12(1):23-27. 
doi:10.4103/2319-5932.138904

29.	Amtha R, Razak IA, Basuki B, et al. Tobacco (kretek) smoking, 
betel quid chewing and risk of oral cancer in a selected Jakarta 
population. Asian Pac J Cancer Prev. 2014;15(20):8673-8678. 
doi:10.7314/apjcp.2014.15.20.8673

30.	Lin WJ, Jiang RS, Wu SH, Chen FJ, Liu SA. Smoking, alcohol, 
and betel quid and oral cancer: a prospective cohort study. J 
Oncol. 2011;2011:525976. doi:10.1155/2011/525976

31.	Madani AH, Dikshit M, Bhaduri D. Risk for oral 
cancer associated to smoking, smokeless and oral dip 

products. Indian J Public Health. 2012;56(1):57-60.  
doi:10.4103/0019-557X.96977

32.	Pednekar MS, Gupta PC, Yeole BB, Hébert JR. Association 
of tobacco habits, including bidi smoking, with overall and 
site-specific cancer incidence: results from the Mumbai 
cohort study. Cancer Causes Control. 2011;22(6):859-868. 
doi:10.1007/s10552-011-9756-1

33.	Mehrotra R, Grover S, Chandra A. Role of World Health 
Organization Framework Convention on Tobacco Control 
Global Knowledge Hub on Smokeless Tobacco. Indian J Med 
Res. 2018;148(1):7-13. doi:10.4103/ijmr.IJMR_2036_17

34.	Tomar SL. Snuff use and smoking in U.S. men: implications 
for harm reduction. Am J Prev Med. 2002;23(3):143-149. 
doi:10.1016/s0749-3797(02)00491-9

35.	World Health Organization. Tobacco Free Initiative. WHO; 
2014. Accessed February 6, 2023. http://www.emro.who.
int/tfi/know-the-truth/smokeless-tobacco-use.html

36.	World Health Organization, Framework Convention on 
Tobacco Control. Global knowledge hub on smokeless 
tobacco. WHO, FCTC; 2017. Accessed February 6, 2023. 
http://www.untobaccocontrol.org/kh/smokeless-tobacco/
workshop-areca-nut-and-slt/

CONFLICTS OF INTEREST
The authors have completed and submitted the ICMJE Form for 
Disclosure of Potential Conflicts of Interest and none was reported.

FUNDING
There was no source of funding for this research.

ETHICAL APPROVAL AND INFORMED CONSENT
Ethical approval and informed consent were not required for this study.      

DATA AVAILABILITY
The data supporting this research are available from the authors on 
reasonable request.

PROVENANCE AND PEER REVIEW 
Not commissioned; externally peer reviewed.


