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Abstract Introduction Oral cancer is associated with several well-known risk factors, including
the use of betel quid, alcohol consumption, and tobacco smoking. Studies regarding
oral cancer risk factors vary based on the different subgroups identified in the Indian
context.
Objectives This systematic review, meta-analysis, and meta-regression aggregate
data from various studies on oral cavity cancer risk factors in India.
Materials and Methods From September 20 to 30, 2024, we searched for English
studies on PubMed, ScienceDirect, and Google Scholar. Two independent reviewers
selected studies based on title/abstract and full text, with adjudication by a third
author. We utilized the JBI checklist for critical appraisal of case–control studies. The
data provided information on participant demographics, cases and controls, evaluated
risk factors, and odds ratios. A random effects model produced pooled estimates for
each risk factor.
Results Fifteen case–control studies conducted in the Indian population were
included in the analysis. Our meta-analysis concludes that any form of tobacco use
is the primary risk factor for oral cavity cancer, with risk rising consistently alongside
the duration of use. Additionally, daily alcohol consumption significantly increases this
risk. Chronic trauma to the oral mucosa also plays a substantial role in the development
of oral cavity cancer. Sensitivity analysis and meta-regression indicated that factors
such as sample sizes, case–control ratio, and study region had no significant impact.
Funnel plots assessing publication bias in studies reporting tobacco smoking and
chewing revealed no significant asymmetry, and Egger’s test was nonsignificant
(p>0.05).
Conclusion There is sufficient evidence for the role of tobacco in both smoking and
smokeless forms as a risk factor for oral cavity cancer in India.
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Introduction

Oral cancer, which affects the lips, anterior two-thirds of the
tongue, gums, buccal cavity, and other areas of the oral cavity,
is a significant global health issue. It is the 16th most
common cancer worldwide, accounting for over 389,485
new cases and 188,230 deaths annually, particularly in
low- and middle-income countries.1 India has a high preva-
lence of oral cancer due to various cultural practices, lifestyle
choices, and socioeconomic factors. The nation accounts for
approximately one-third of the global oral cancer cases as a
proportion of its adult population.2 Despite progress in
diagnosis and treatment, the 5-year survival rate remains
low, primarily due to the advanced stage at detection in rural
and urban regions.3

Oral cancer is associated with risk factors like chewing
betel quid, drinking alcohol, chewing tobacco, and smoking
tobacco. Globally, using tobacco with areca nut is the most
common risk factor.3 Prolonged use of tobacco and frequent
alcohol intake significantly increase the risk.3 Research
shows a higher likelihood of oral cancer among those ex-
posed, with varying odds ratios (ORs) in different popula-
tions based on product type, cultural practices, and local
laws.4

Research on oral cancer risk factors reveals diversity
based on specific subgroups considered across different
global regions. A thorough review addressing this
issue will be beneficial through a critical analysis and
summary of the effect measures linking various risk
factors to oral cancer from numerous studies.5 Developing
effective preventive strategies and interventions that
mitigate the risk of oral cancer necessitates an understand-
ing of the complex nature of these risk factors. This sys-
tematic review and meta-analysis aims to compile data
from several observational studies regarding oral
cavity cancer risk factors conducted in India. Our goal is
to furnish public health researchers and policymakers
with a valuable estimate of the strength of the relationship
between prevalent risk factors and oral cancer in the
country.

Materials and Methods

This systematic review and meta-analysis was registered in
PROSPERO (CRD42024599556), conducted as per the JBI
Methodology for Systematic Reviews of Etiology6 and
reported following the Preferred Reporting Items for Sys-
tematic Reviews and Meta-Analysis (PRISMA) 2020 and
MOOSE (Meta-analyses Of Observational Studies in Epide-
miology) guidelines7 (►Supplementary Appendix [available
in the online version only]).

Review Question

Based on current epidemiological evidence, what are
the primary risk factors associated with oral cancer in
India?

Inclusion Criteria

Participants
This review included adults of any gender over the age of
18 yearswho reported risk (either a single variable or a group
of variables) of oral cavity cancer. Studies were included that
reported the risk or equivalent estimates of oral cancer.

Exposure of Interest
Risk factors including but not limited to tobacco use in
smoking and smokeless forms (including areca nut and betel
quid with tobacco users), duration of usage of tobaccowhich
was categorized as less than or more than 10 years, alcohol
consumption which was categorized based on the frequency
as daily user or moderate drinker for those who reported
occasional usage, chronic oral trauma due to a sharp tooth or
ill-fitting denture, diet as measured by frequency of con-
sumption of vegetables and oral cancer. The study did not
include studies that primarily examined metabolic param-
eters (such as obesity), environmental exposures (like sun-
light), demographic factors (like age and sex), or genetic
predisposition.

Outcomes
The primary outcome of interest was the presence of oral
cavity cancer and its association with specific risk factors as
measured by ORs or risk ratios (if measured at a specific
time-point) or hazard ratios (if measured over time).

Types of Studies
Case–control studies, nested case–control studies, cohort
studies, and analytical cross-sectional studies with a com-
parator arm were included.

Search Strategy
Search strategy was developed and conducted in Medline
(PubMed), Science Direct, and Google Scholar databases
from inception to September 2024. The keywords included
“mouth,” “neoplasm,” “risk factors,” “oral cancer,” “carcino-
ma,” “risk predictors,” “India” and combined with Boolean
operators “or” and “and.” Searches were limited to studies
published in English, restricted to India, with no time
restrictions. Gray literature, including conference proceed-
ings and dissertations (ShodhGanga, ProQuest), was addi-
tionally searched. Included studies underwent backward
and forward citation screening to identify any additional
studies. Search strategy is described in detail in the
►Supplementary Material S1 (available in the online ver-
sion only).

Screening and Identification of Studies
Studies from the search were exported to Rayyan software,
underwent duplication, and were screened at the
title/abstract and full-text levels by two independent
reviewers (M.M. andD.J.), and, where needed, anyconflicting
decisions were discussed and later included.8 Studies that
reported the association between oral cancer and any
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defined risk factors and studies reporting either crude or
adjusted ORs or relative risks, along with those providing
sufficient data to calculate ORs (e.g., case and control num-
bers, exposure rates), were included. Those studies reporting
incomplete data or insufficient information for statistical
pooling, reviews, commentaries, or editorials in languages
other than English were excluded. A list of studies excluded
from the analysis, with the reason for exclusion, is provided
in ►Supplementary Material S2 (available in the online
version only).

Data Extraction
Two independent reviewers (M.M. and D.J.) extracted data
from the included studies regarding author names, year of
study, location, study design, sample size, age groups, gen-
der, type of cancer, and risk factors along with crude and/or
adjusted ORs and corresponding 95% confidence intervals
(CIs) according to JBI guidelines. A third reviewer (P.K.)
resolved any disagreements.

Critical Appraisal
Critical appraisal of included studieswas conducted using JBI
checklists for case–control and cohort studies.6

Data Synthesis
Studies were grouped based on study design, reported
summary measure (crude and adjusted OR or relative risk),
and risk factors for oral cancer. Within each group, the risk
estimates were pooled using themetabin function of meta R
package. The estimation of variance within each group was
calculated using the DerSimonian-Laird estimator and CIs
were determined based on a random effects model.8

Sensitivity and Subgroup Analysis
Sensitivity analysis was conducted using the leave-one-
out method to detect the source of heterogeneity in the
meta-analysis. Sensitivity analysis helps identify whether
the pooled estimate was unduly influenced by any single
study and improves the stability and robustness of the meta-
analysis model.9 Subgroup analysis was performed based on
the region where the study was conducted in India.

Publication Bias
Funnel plots were used to detect any publication bias in
the studies by plotting each study’s effect size with the
sample size of the study and the symmetry of the plot was
assessed.

Meta-Regression
To explore the sources of heterogeneity among the included
studies, a random effects meta-regression was performed
using the “metafor” package in R. The dependent variable
was the effect size across studies for smoking and smokeless
forms of tobacco and the independent variables were study-
level characteristics like sample size, case:control ratio, and
the region where the study was conducted. A p-value of
<0.05 was considered significant.

Certainty of Evidence
The degree of certainty of evidence was evaluated using the
Grading of Recommendations Assessment, Development
and Evaluation (GRADE) methodology and conducted sepa-
rately for each risk factor and outcome association. The
GRADE approach evaluates the certainty of evidence
based on five domains: risk of bias, inconsistency, indirect-
ness, imprecision, and publication bias.10 It divides evi-
dence into four levels of certainty: very low, low, moderate,
and high. The quality of evidence from the included studies
was initially classified as low and subsequently upgraded
or downgraded. Inconsistency results in a quality down-
grade using a significant difference between studies
(I2>50%). Indirectness was considered if there were con-
straints that limited the result’s generalizability. When the
95% CIs for risk estimates are wide or cross a minimally
important difference of 10% for outcomes, imprecision was
considered. The existence of small-study effects was also
considered.

Results

The initial search across all databases and gray literature
provided 656 records, of which 42 were duplicates. After a
further screening of 614 titles/abstracts, 47 studies that were
not conducted in Indian populations or did not address oral
cancer were excluded. Ten case–control studies among the
547 reports could be retrieved after undergoing complete
screening. Through citation searching, 91 records were
found, and 15 reports (1 report not retrieved) were sought
for retrieval after duplicates were eliminated; five more
reports were included. This resulted in 15 included studies,
all with case–control study designs, which included 5,624
cases and 9,151 controls. ►Supplementary Material S2

(available in the online version only) provides the reasons
for exclusion among the studies that underwent full-text
screening. ►Fig. 1 provides the flow chart of the screening
process.

►Table 1 provides the characteristics of the included
studies. Only 1 of the 15 studies used a nested case–control
design,11 and the remaining 14 were case–control studies.
Eleven studies had oral cavity cancer as the primary outcome
variable,11–21 and 4 of them explicitly identified the outcome
as upper aerodigestive tract cancer or oral and oropharyn-
geal cancer.22–25 Ten studieswere performed in the southern
states, and 5 of them,15,17,22,23,25 were performed in the
western region. Tobacco use, either smoking or smokeless,
was themost significant risk factor for oral cancer in all of the
studies included, with studies examining the type, duration,
and quantity of tobacco used.

Smokeless Tobacco Usage and Oral Cancer
Twelve studies with data on smokeless tobacco as a
risk factor for oral cancer were included in themeta-analysis.
The pooled OR for smokeless tobacco was 5.68 (95% CI:
4.19–7.70; ►Fig. 2A). The duration of usage of smokeless
form of tobacco less than 10 years had an OR of 1.76 (95% CI:
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Fig. 2 (A) Tobacco chewing. (B) Smokeless tobacco for less than 10 years. (C) Smokeless tobacco for more than 10 years. (D) Tobacco smoking.
(E) Smoking for less than 10 years. (F) Smoking for more than 10 years. (G) Occasional alcohol consumption. (H): Daily alcohol consumption. (I)
Consumption of vegetables more than thrice a week. (J) Chronic trauma in the oral cavity.
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Fig. 2 (Continued)
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1.27–2.43;►Fig. 2B), andmore than 10 years had an estimate
of 4.06 (95% CI: 2.80–5.89; ►Fig. 2C).

Smoking Tobacco Usage and Oral Cancer
Thirteen studies included smoking tobacco as a risk
factor for oral cancer and were included in the meta-
analysis (►Fig. 2D). The random effects model generated
a pooled OR of 2.11 (95% CI: 1.67–2.65, p<0.01). Duration
of usage of smoking tobacco was reported in 11 studies

and categorized as less than or more than 10 years
(10 studies) and more than 10 years (10 studies). Duration
of smoking generated a pooled OR of 0.89 (95% CI: 0.70–
1.14; ►Fig. 2E) and 2.27 (95% CI: 1.67–3.10; ►Fig. 2F),
respectively.

Alcohol Consumption and Oral Cancer
Alcohol consumption was identified as a risk factor in seven
of the studies. Occasional alcohol consumption was not

Fig. 2 (Continued)
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significantly associated with oral cancer (►Fig. 2G). Daily
consumption of alcohol was also a significant risk factor for
oral cancer with a pooled estimate of 2.66 (95% CI: 1.92–
3.67; ►Fig. 2H).

Diet and Oral Cancer
Another significant factor for oral cancer was the frequency
with which fruits and vegetables were consumed.
Three studies that reported the consumption of vegetables
generated an estimate of 0.31 (95% CI: 0.23–0.42;
►Fig. 2I).

Chronic Oral Trauma and Oral Cancer
A history of chronic oral trauma and poor oral hygiene
was also strongly linked to oral cancer in two studies
and the pooled estimate was 1.95 (95% CI¼1.05–3.62;
►Fig. 2J).

Subgroup Analysis
The heterogeneity assessed through the random effects
model for all the risk factors ranged between 50 and 90%,
with a p<0.01. Subgroup analysis based on region revealed
no significant variation in the pooled estimates for all risk
factors, and heterogeneity ranged from 0 to 90% for all risk
factors (►Table 2).

Sensitivity Analysis
Sensitivity analysis did not reveal any single study that
had a major influence on the pooled estimates
(►Supplementary Material S3 [available in the online ver-
sion only).

Publication Bias
Funnel plots to assess publication bias in studies repor-
ting tobacco smoking and chewing revealed no major

Table 2 Pooled estimates of risk factors of oral cancer with subgroup analysis based on geographic region

Risk factor Number of
studies

Pooled odds ratio
(random effects
model)

95% CI I2 (%)

Tobacco chewing 14 5.77 4.43–7.53 90

Subgroup South region 9 6.09 4.21–8.80 91

West region 5 5.27 3.54–7.85 83

Duration of chewing <10 y 10 1.64 1.19–2.26 82

Subgroup South region 6 2.13 1.75–2.59 31

West region 4 1.03 0.62–1.71 58

Duration of chewing>10 y 10 4.92 3.70–6.52 87

Sub group South region 6 4.65 3.10–6.97 92

West region 4 5.37 3.56–8.10 67

Tobacco smoking 15 2.14 1.74–2.62 81

Sub group South region 10 2.28 1.74–2.98 80

West region 5 1.86 1.36–2.56 72

Duration of smoking< 10 y 11 0.94 0.73–1.20 61

Sub group South region 7 0.87 0.64–1.19 62

West region 4 1.08 0.72–1.60 22

Duration of smoking> 10 y 11 2.35 1.76–3.15 87

Sub group South region 7 2.71 1.93–3.81 83

West region 4 1.53 1.17–2.00 38

Occasional alcohol consumption 6 1.09 0.90–1.33 27

Sub group South region 4 1.16 0.99–1.36 22

West region 2 0.72 0.43–1.23 00

Daily alcohol consumption 9 2.66 1.92–3.67 92

Sub group South region 5 3.58 2.55–5.01 84

West region 4 1.79 1.27–2.53 63

Regular consumption of vegetables 3 0.33 0.22–0.47 45

Chronic trauma to the oral cavity 2 1.95 1.05–3.62 33

Abbreviation: CI, confidence interval.
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asymmetry, and Egger’s test was nonsignificant (p>0.05;
►Fig. 3A, B).

Meta-Regression
Factors such as total sample size, case:control ratio, and the
region where the study was conducted had no significant
influence (p>0.05) on the pooled estimates (►Table 3). Due
to the limited number of studies, meta-regressions were not
performed for the other factors.

Critical Appraisal
Critical appraisal revealed high evidence for all the studies
except two studies22,24 (►Supplementary Material S4 [avail-
able in the online version only]).

Quality of Evidence
GRADE showed low-quality evidence regarding the associa-
tion between the risk factors and oral cancer across all

studies (►Supplementary Material S5 [available in the on-
line version only]).

Discussion

In India, awareness of oral cancer and rates of early
detection remain low despite high risks. Systematic
reviews can provide a comprehensive understanding
of risk factors and inform targeted interventions for pre-
vention, early detection, and treatment, focusing on these
risk factors within the Indian population.26 Our meta-
analysis indicates that any form of tobacco use is
the primary risk factor for oral cavity cancer, with
risk increasing linearly, correlating with the length of
consumption. Additionally, daily alcohol consumption sig-
nificantly raises this risk, and chronic oral mucosal trauma
is another substantial contributor to the development of
oral cavity cancer.

Fig. 3 (A) Smokeless. (B) Smoked.

Table 3 Meta regression of the association between tobacco chewing/tobacco smoking and sample size, case–control ratio, and
the region of conducting the studies

Estimate SE z-Value p-Value CI (lower
bound)

CI (upper
bound)

Tobacco chewing and sample size

Intercept 2.1652 0.6572 3.2945 0.0010 0.8771 3.4533a

RegionSouth_region 0.2223 �0.5151 �0.4316 0.6661 �1.2319 0.7873

Regionwest_region �0.1642 0.4315 �0.3806 0.7035 �1.0098 0.6814

case_control_ratio �0.2716 0.7106 �0.3822 0.7023 �1.6644 1.1212

total_sample_size �0.0001 0.0002 �0.4865 0.6266 �0.0004 0.0002

Tobacco smoking and sample size

Intercept 1.3237 0.4607 2.8731 0.0041 0.4207 2.2267b

RegionSouth_region �0.4220 0.3925 �1.0751 0.2823 �1.1912 0.3473

Regionwest_region �0.1496 0.3026 �0.4943 0.6211 �0.7426 0.4435

Case_control_ratio �0.5068 0.4532 �1.1182 0.2635 �1.3950 0.3815

Total_sample_size �0.0001 0.0001 �0.4877 0.6258 �0.0003 0.0002

Abbreviations: CI, confidence interval; SE, standard error.
ap< 0.0001.
bp< 0.01.
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Tobacco can inhibit several systemic immune functions
of the host, alter the epigenetics of oral epithelial cells, and
induce OSCC by causing oxidative stress on tissues through
its toxic metabolites.27 Usage of smoking forms of tobacco,
irrespective of the subtype, has consistently shown an
increased risk of oral cavity cancer.28 The present analysis
yielded a pooled estimate of 2.14 (95% CI¼1.74–2.62).
Previous studies from India have reported a similar esti-
mate, ranging from 2.68 (95% CI¼1.90–3.78) in analyses
that are not specific to a particular region26 to 2.2 (95%
CI¼0.7–7.0).29 Duration of smoking less than 10 years did
not significantly increase the risk of oral cancer, 0.94 (95%
CI¼0.73–1.20) compared with those who smoked for more
than 10 years. These findings can be used to encourage
people who are in the early stages of developing a tobacco
habit to quit as soon as possible.

The current meta-analysis revealed a fivefold increase in
the risk of oral cancer among smokeless tobacco users, with
the risk increasing consistently with the duration of use.
Increased risk of oral cancer with the use of smokeless
tobacco has been consistently reported in previous system-
atic reviews.30,31 The pooled odds estimates have been
reported to be in the range of 3.66 (95% CI: 2.83–4.74) as
per global estimates to 7.1 (95% CI: 4.41–11.01) in studies of
the southeast Asian region31 to 5.55 (95% CI: 5.07, 6.07)
among studies conducted in India30,31 which is almost in
the same lines as the present analysis, 5.77 (95% CI: 4.43–
7.53). The reason for low-risk estimates globally might be
due to differences in frequency and intensity of use and
variation in the type of smokeless tobacco used. In line with
previous studies,32 a longer duration of usage of smokeless
tobacco resulted in a higher estimate, 4.92 (95% CI: 3.70–
6.54).

The carcinogenic effects of alcohol consumption on the
liver and upper aerodigestive tract are caused by acetalde-
hyde, the first metabolite of ethanol.33 Our meta-analysis
among the Indian population revealed a pooled estimate of
1.92 (95% CI: 1.44–2.96) for oral cavity cancer among regular
alcohol consumers. Though the odds did not reach significant
levels (p>0.05) among moderate drinkers (OR¼1.09; 95%
CI¼0.90–1.33), the present meta-analysis also confirmed
the earlier evidence of daily alcohol consumption as an
independent risk factor for oral cavity cancer (OR¼2.66;
95% CI¼1.92–3.67).16

Prolonged mucosal damage causes inflammation, which
releases chemical mediators like prostaglandins, cytokines,
and tumor necrosis factor, results in oxidative stress.34 This
may result in genetic and epigenetic modifications that
harm DNA and prevent it from being repaired. Chronic
mucosal trauma due to either ill-fitting dentures or a sharp
tooth has been proven to be one of the most important risk
factors among non-tobacco users. In the present analysis,
only two studies reported data related to mucosal trauma
resulting in a combined OR of 1.95 (95% CI 1.05–3.62).
Singhvi et al reported an OR of 2.62 (95% CI: 2.10–3.25)
in a systematic review to assess the role of ill-fitting
dentures in the causation of oral cavity cancer.35 We
included chronic trauma from any cause in this analysis,

such as a sharp tooth, a broken restoration, or an ill-fitting
denture, which may be the reason why our estimates are
lower than those of Singhvi et al where ill-fitting dentures,
which are the most common cause for chronic mucosal
trauma, were considered.

Although this systematic review is thorough, it has
several notable limitations. Key risk factors such as family
cancer history, stress, and dietary elements like red meat
intake related to oral cancer in India could not be evaluated,
as none of the collected studies addressed these variables. A
detailed evaluation of the quantity and specific forms
of tobacco use (e.g., cigarettes, beedis, gutkha, khaini)
could not be performed, as most included studies did not
consistently report this information. As a result, our analy-
sis was limited to the type and duration of tobacco usage,
which may not fully capture dose–response relationships or
the differential risks associated with various tobacco
products.

Additionally, HPV’s role was not examined, as previous
research hasmainly associated it with oropharyngeal cancer,
and not with oral cavity cancer. The high levels of heteroge-
neity among the studies included in the present meta-
analysis should also be considered when interpreting the
pooled estimates. Nevertheless, even the lowest effect esti-
mates among the individual studies are more significant
than 1, suggesting a causal relationship between tobacco
usage and oral cancer. Regional variations in product com-
position and population characteristics may cause the
wide variation in effect estimates across individual stud-
ies.30 One must bear these limitations in mind while
analyzing the findings. Exposure data are frequently inac-
curate when categorized either qualitatively by product
type or quantitatively by frequency of consumption. The
bias was reduced by grouping data into broad categories,
such as ever or never using tobacco products, and having
used them for less than or more than 10 years. Based on the
meta-analysis results, the GRADE assessment of included
studies showed low confidence. Future research could
concentrate on high-quality studies to improve the quality
of the evidence.

Numerous studies have investigated the impact of
both smoking and smokeless tobacco, as well as alcohol
consumption, on oral cancer within the Indian context.
Nevertheless, the interplay between tobacco and
alcohol requires more in-depth examination. Additionally,
chronic trauma to the oral cavity and its potential role
in triggering carcinogenesis represent another area worthy
of further research. To effectively address the rising inci-
dence of oral cancer, a comprehensive strategy is
essential. This necessitates a collaborative effort among
lawmakers, healthcare providers, and the public to raise
awareness, change behaviors, and implement preventive
measures.

Conclusion

This meta-analysis provides sufficient evidence for the
role of tobacco in both smoking and smokeless forms as a
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risk factor for oral cavity cancer, which includes the tobac-
co-related and the non-tobacco-related factors in Indian
populations. The results from the meta-analysis emphasize
how long-term tobacco use and chronic oral trauma
are significant and underexplored risk factors for cancer
of the oral cavity in the country. By evaluating the degree
of evidence certainty, the GRADE approach strengthens
the methodology. These results lend support to future
studies that aim to enhance risk prediction algorithms
and develop targeted measures for early identification
and prevention.
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