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ABSTRACT

Background: Oral leukoplakia is the most common oral potentially malignant disorder, and tobacco
use is accepted as the main etiological factor. In many developing countries, the relationship between
various patterns of tobacco consumption and the severity of the disease is still poorly understood.
Objective: To determine the association between tobacco use and the histopathological severity of
oral leukoplakia.

Materials and Methods: This analytical cross-sectional study was carried out at Oral Pathology, Saidu
College of Dentistry, Swat for 6 months. A total of 85 patients with histopathologically confirmed
oral leukoplakia were recruited using non-probability consecutive sampling. A structured proforma
was used to record the demographic characteristics, tobacco use history, and histopathological
findings. IBM SPSS 26.0 was used to analyze the data. Association was determined by the chi-square
test, and p < 0.05 was considered statistically significant.

Results: The average age of participants was 46.8 + 11.7 years, with 68.2% being male. The most
common histopathological diagnosis was mild epithelial dysplasia (36.5%). A significant association
was found between the type of tobacco use and the histopathological severity (p = 0.018). Also,
duration of tobacco use was significantly associated with histopathological severity (p < 0.001), with
moderate and severe dysplasia seen more frequently with tobacco use over 10 years.

Conclusion: There was a significant relationship between smoking and the histopathological severity
of oral leukoplakia, especially when taken with tobacco over long periods. The risk of malignant
transformation can be reduced with early diagnosis, histopathological evaluation, and successful
tobacco cessation interventions.

Keywords: Oral Leukoplakia, Tobacco, Histopathology, Epithelial Dysplasia, Oral Potentially
Malignant Disorders.

INTRODUCTION cases, early invasive squamous cell

Oral leukoplakia (OL) is defined as a
predominantly white plaque or patch that
cannot be clinically or histopathologically
diagnosed as another known lesion and is the
most common potentially malignant disorder
(OPMD) of the oral cavity.[1] It is a spectrum
of  epithelial changes from  simple
hyperkeratosis (with no dysplasia) to varying
degrees of epithelial dysplasia, and in some

carcinoma.[2] Oral leukoplakia is one of the
most clinically relevant precancerous lesions
seen in dental and oral pathology practice and
is a condition that potentially can become
malignant.[3] Histopathological examination is
still the most important procedure for
diagnosis, risk stratification, and treatment
planning; the severity of epithelial dysplasia is
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the most reliable predictor of malignant
progression.[4]

Oral potentially malignant disorders (OPMDs)
are seen in about 4-5% of the world population,
and oral leukoplakia is the most common type
of oral potentially malignant disorder.[5] The
prevalence of oral leukoplakia has been
estimated to be between 1-4% in the world but
tends to be higher in South and south-east
Asian countries where smoking and smokeless
tobacco use are very common.[6] Oral
leukoplakia is reported to be more common in
males than females and primarily in those over
40 years old because of the higher incidence of
tobacco and alcohol use in these groups.[7]
Oral leukoplakia has been reported to have an
annual malignant transformation rate of 1% to
3%, and lifetime transformation rates between
5% and 15%, depending on the characteristics
of the leukoplakia, the site of involvement, and
the histopathological grade.[8]

Smoking is known to be the major modifiable
risk factor for the development of oral
leukoplakia.[9] Tobacco smoke contains over
7,000 chemicals, many of which are known to
cause cancer, oxidative stress, DNA damage,
genomic instability, and chronic inflammation in
the oral epithelium.[10] Likewise, smokeless
tobacco products such as chewing tobacco,
gutka, naswar, betel quid with tobacco, and
snuff can remain in direct contact with the oral
mucosa for extended periods, exposing
epithelial cells to carcinogenic chemicals that
lead to hyperkeratosis, epithelial atypia, and
progressive  dysplastic changes.[11] The
cumulative effect of exposure to these
carcinogens results in ongoing molecular
changes affecting inflammatory mediators, cell
cycle regulators, oncogenes, and tumor
suppressor genes that can promote the
development of potentially malignant epithelial
changes.[12]

Tobacco-related oral disease is especially a
major problem in low- and middle-income
countries.[13] The World Health Organization
(WHO) estimates that over 8 million people are
killed every year by tobacco-related diseases
around the world, while over 1.3 billion people
use tobacco products.[14]

Histopathological evaluation is a crucial factor
in the diagnosis of the biological behavior of
oral leukoplakia.[15] Epithelial dysplasia is
divided by the WHO into three groups: mild,
moderate, and severe, depending on the
degree of cytological and architectural
disturbances.[16] Severe dysplasia and
carcinoma in situ have the greatest risk of

subsequent invasion, and thus early biopsy
along with proper histopathological grading is
important.[17]

Although tobacco has been implicated as a risk
factor for initiation of oral leukoplakia, and little
attention has been paid to the severity of the
epithelial dysplasia as seen under a
microscope; thus, there is a lack of
understanding of the progression of disease
among tobacco users. This association may be
useful for clinicians to have as a prognosticator,
to identify those who would benefit most from
more intensive monitoring, and to support
evidence-based tobacco cessation treatments
in those who are most likely to develop
malignancy. Hence, the present study was
designed to assess the relationship between
tobacco use and the histopathological severity
of oral leukoplakia among patients with oral
leukoplakia.

METHODOLOGY

The design of this study was an analytical cross-
sectional study that was carried out in the
Department Oral Pathology, Saidu College of
Dentistry, Swat. The study was carried out over
a period of six months, from July 2025 to
December 2025. The number of participants in
this study was the estimated sample size for a
single population proportion from OpenEpi
Version 3.01. The expected prevalence of 11%
was assumed from the study of Kumar and
Muniyandi with a margin of error of 6.6% and
95% confidence interval.[17] Using these
parameters, the minimum sample size
determined was 85 participants. Hence, there
were 85 patients with histopathologically
confirmed oral leukoplakia included in the
study.

A non-probability consecutive sampling was
used to recruit participants. During the study
period all patients who were suspected to have
oral leukoplakia were screened for inclusion in
the study. Patients, who met the inclusion
criteria and signed informed consent, were
consecutively enrolled until the sample size of
85 patients was reached.

Patients of both sexes, aged 18 years or above,
were included and those who had clinically
diagnosed oral leukoplakia and confirmed by
histopathological examination. Patients who
have used tobacco in any form (smoked or
smokeless or both) or non-tobacco users with a
history of oral leukoplakia were included. The
patients were recruited based on a written
informed consent and were willing to
participate in the study.
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Patients with white lesions other than
leukoplakia (e.g., oral lichen planus, oral
candidiasis,  frictional  keratosis,  other
potentially malignant disorders) were excluded
from the study. Those patients who had a
previous oral squamous cell carcinoma, those
who had undergone a treatment for oral
leukoplakia prior to biopsy, patients with
recurrent oral leukoplakia and inadequate or
inconclusive biopsies were also excluded.
Further, patients who refused to join the study
or whose clinical and histopathological details
were incomplete were excluded.

Consecutive sampling was used to identify
eligible patients who attended the Department
of Oral Pathology during the study period. All
participants were informed of the purpose of
the study and informed consent was obtained
in writing prior to entering the study. A
structured data collection proforma was used to
gather demographic and detailed tobacco use
data (type, duration of use, and frequency of
use) from the respondents. Full clinical
examination of the oral cavity was done, and
incisional/excisional biopsy was done when
clinically suspected in patients with oral
leukoplakia  following  standard  clinical
guidelines. Biopsy specimens were fixed in 10%
neutral buffered formalin, processed in a
routine manner, embedded in paraffin, sliced
into 45 pm pieces and stained with
hematoxylin and eosin. The lesions were
diagnosed by experienced oral pathologists and
graded as hyperkeratosis without dysplasia,
mild dysplasia, moderate dysplasia, and severe
dysplasia based on the World Health
Organization (WHO) criteria. The study
proforma was used to document all clinical and
histopathological findings and participants'
confidentiality was maintained.

The data collected were entered and analysed
in IBM SPSS Statistics version 26.0. The
summary statistics for continuous variables,
including age, are expressed as mean =+
standard deviation (SD); and frequencies and
percentages are used for categorical variables,
such as gender, tobacco use, type of tobacco,

duration of tobacco use, and histopathological
severity of oral leukoplakia. The association of
tobacco use with histopathological severity of
oral leukoplakia was evaluated by the Chi-
square test and/or Fisher's exact test as
appropriate. A p-value < 0.05 was considered
statistically significant.

RESULTS

A total of 85 patients with histopathologically
confirmed oral leukoplakia were studied. The
mean age of the participants was 46.8 + 11.7
years, and the majority of participants were in
the age group 46-60 years (37.6%). The study
population consisted of 68.2% males, and
55.3% of the population lived in urban areas.
The most commonly reported type of tobacco
use was smokeless tobacco (40.0%) followed
by smoked tobacco (31.8%) and mixed smoked
and smokeless tobacco use (18.8%). The
majority of tobacco users were more than 10
years of tobacco users (38.8%), and most of
them also indicated that they used tobacco 5-
10 times a day (38.8%) (Table 1).

The buccal mucosa was the most common site
of lesions (43.5%), whereas homogeneous
leukoplakia was the most common clinical
presentation (63.5%). A histological
examination of specimens revealed that 36.5%
of the samples were mildly dysplastic, 29.4%
moderately  dysplastic, 17.6%  severely
dysplastic, and 16.5% hyperkeratotic (Table 2).
A statistically significant association between
the type of tobacco use and the severity of the
oral leukoplakia in terms of histopathological
diagnosis (p = 0.018). Epithelial dysplasia was
more prevalent among participants who used
both smoked and smokeless tobacco versus
participants who used only one type of tobacco
or no tobacco at all (Table 3).

Likewise, the length of tobacco use was
significantly associated with histopathological
severity (p < 0.001). The findings revealed that
participants who had used tobacco for more
than 10 years had more moderate and severe
dysplasia than those who had used tobacco for
less than 10 years (Table 4).

Table 1. Demographic and Tobacco-Related Characteristics of the Study Participants (N = 85)

Variable Category n (%)
Age (years) 18-30 13 (15.3)
31-45 25 (29.4)
46-60 32 (37.6)
>60 15(17.6)
Mean age (years) 46.8 + 11.7
Gender Male 58 (68.2)
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Female 27 (31.8)
Residence Urban 47 (55.3)
Rural 38 (44.7)
Type of tobacco use Smoked tobacco 27 (31.8)
Smokeless tobacco 34 (40.0)
Both smoked & smokeless 16 (18.8)
Non-user 8 (9.4)
Duration of tobacco use <5 years 16 (18.8)
5-10 years 28 (32.9)
>10 years 33 (38.8)
Non-user 8 (9.4)
Frequency of tobacco use/day <5 times/day 18 (21.2)
5-10 times/day 33 (38.8)
>10 times/day 26 (30.6)
Non-user 8 (9.4)

Table 2. Clinical and Histopathological Characteristics of Oral Leukoplakia (N = 85)

Variable Category n (%)
Site of lesion Buccal mucosa 37 (43.5)
Tongue 22 (25.9)
Gingiva 11 (12.9)
Floor of mouth 7 (8.2)
Palate 8 (9.4)
Clinical type Homogeneous 54 (63.5)
Non-homogeneous 31 (36.5)
Histopathological severity Hyperkeratosis (without dysplasia) 14 (16.5)
Mild dysplasia 31 (36.5)
Moderate dysplasia 25 (29.4)
Severe dysplasia 15 (17.6)
Table 3. Association Between Type of Tobacco Use and Histopathological Severity of Oral Leukoplakia (N
=85)
. Mild Moderate Severe
Type of tobacco Hyperkc:ratosw dysplasia dysplasia dysplasia p-value
use n (%) n (%) n (%) n (%)
Smoked tobacco 5(18.5) 12 (44.4) 8 (29.6) 2(7.4) 0.018*
Smokeless
tobacco 6 (17.6) 12 (35.3) 10 (29.4) 6 (17.6)
Both smoked &
smokeless 1(6.3) 3(18.8) 6 (37.5) 6 (37.5)
Non-user 2 (25.0) 4 (50.0) 1(12.5) 1 (12.5)

Chi-square test; p < 0.05 considered statistically significant.

Table 4. Association of Duration of Tobacco Use with Histopathological Severity Among Tobacco Users (N

=77)
. . Mild Moderate Severe
t?) l;;a:égnu:: Hypel:lzﬁ/l;a)toss dysplasia dysplasia dysplasia p-value
n (%) n (%) n (%)
<5 years (n=16) 5(31.3) 8 (50.0) 3(18.8) 0(0.0) <0.001*
5-10 years (n=28) 5(17.9) 13 (46.4) 8 (28.6) 2(7.1)
>10 years (n=33) 2 (6.1) 6 (18.2) 13 (39.4) 12 (36.4)

Chi-square test; p < 0.05 was considered statistically significant.

DISCUSSION

This is an analytical cross-sectional study that
aimed to assess the association between
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tobacco use and the severity of oral leukoplakia
by histopathological examination. The average
age of the participants was 46.8 = 11.7 years,
and the highest proportion was in the age
group 46—60 years. The most common form of
tobacco consumption was smokeless tobacco,
and the most common histopathological
findings were mild epithelial dysplasia. In
addition, there was a statistically significant
association between the type of tobacco use
and histopathological severity (p-value 0.018)
and also a significant association between the
duration of tobacco use and the degree of
epithelial dysplasia (p-value < 0.001).

This study had a predominance of males and a
majority of lesions were in the middle age
group. The results are in line with Porto et al.
(2024) who also found that male patients aged
40-49 years had a predominance of oral
leukoplakia.[18] The higher prevalence among
males may be due to the higher prevalence and
length of time individuals use tobacco, including
smoking and smokeless tobacco usage, which
exposes the oral mucosa to carcinogenic
substances for longer periods.

In our study, the most commonly affected area
was the buccal mucosa, the tongue was the
second most common area, and the most
common clinical type was homogeneous
leukoplakia. Likewise, Adamczyk et al.2026
reported that the buccal mucosa is the most
common site in smokers due to direct and
prolonged contact of the oral mucosa with
tobacco smoke and other carcinogenic
substances.[19] Both studies indicate that the
sites of the mouth that are most directly
exposed to tobacco are the most vulnerable to
changes in the epithelium that can result in
leukoplakia.

Histopathologic evaluation in this study showed
that the most common diagnosis was epithelial
dysplasia in the mild stage, while the moderate
and severe stages of epithelial dysplasia
together combined for almost 50% of the
cases. Similar results were observed by Serban
et al. 2025 in which mild dysplasia was seen in
both smokers and non-smokers, but there was
a significant number that also had moderate to
severe dysplasia.[20] The results point to the
broad histopathological spectrum of OL and
stress the need for regular biopsy to grade
them, irrespective of whether the patient
smokes or not.

The present study revealed that there was a
significant association between tobacco use
and the histopathological severity, which was
the main finding of this study. Patients who

used both smoked and smokeless tobacco had
more moderate and severe epithelial dysplasia
than did those who used only smoked tobacco
and non-users. These results are similar to the
findings of Becker et al. 2024, who found that
dysplastic changes were found in both smokers
and non-smokers, and that smokers had more
advanced epithelial changes and a higher risk
of progression.[21] Oxidative stress, chronic
inflammation and genetic changes are likely to
be associated with tobacco-induced
carcinogenic products, causing an increase in
the severity of histopathological changes due to
cumulative exposure to such products.

The other finding that warranted significant
attention in the present study is the strong
association between the length of tobacco use
and the progression of the histopathological
severity. The dysplasias were moderate and
severe, with the highest frequency occurring in
participants with tobacco exposure of more
than 10 years, while hyperkeratosis and mild
dysplasia were the most common, with shorter
durations of tobacco exposure. While
traditionally smokers and non-smokers have
been compared, the study by Muto et al., 2022
also noted that there are progressive epithelial
dysplastic changes with continued tobacco
exposure and the importance of early cessation
and frequent follow-up of chronic tobacco
users.[22]

In conclusion, the results from the present
study confirmed the previous evidence linking
tobacco smoking to the histopathology of oral
leukoplakia. The link between tobacco use,
duration of use, and severity of epithelial
dysplasia stresses the need for widespread
tobacco cessation programs, early biopsy of
any suspicious lesion, and periodic review of
high-risk individuals. Rapid diagnosis of
patients with advanced dysplasia may help to
prevent the transition to oral squamous cell
carcinoma and allow timely intervention.

Limitations

There are some limitations to this study. First,
the cross-sectional design did not allow a causal
link between tobacco use and the
histopathological grade of oral leukoplakia.
Second, the findings may not be generalizable
to the larger population, given the relatively
small sample size and single-center study.
Thirdly, data on tobacco use such as duration
and frequency, were self-reported and thus
were subject to recall bias. Furthermore other
potential confounding variables, including
alcohol intake, nutritional status,
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socioeconomic factors, human papillomavirus
(HPV) infection, and genetic susceptibility, were
not assessed. Larger, more prospective,
multicenter studies with follow-up are
suggested in order to better define the role of
tobacco exposure in the progression and
malignant transformation of oral leukoplakia.

CONCLUSION

In the present study, there was a significant
association between tobacco use and the
histopathologic severity of oral leukoplakia. The
combined tobacco smoking and smokeless
tobacco users and the longer-term tobacco
users had more moderate and severe epithelial
dysplasia, indicating the cumulative negative
effect of tobacco on the oral mucosa. Early
detection, regular histopathological
assessment, and full tobacco smoking cessation
counseling in those who present with oral
leukoplakia are very important, as these are the
findings that highlight this. The introduction of
regular screening and prompt biopsy of
suspicious lesions, especially in chronic tobacco
users, could help facilitate early intervention,
risk stratification, and hopefully decrease the
burden of malignant transformation to OSCA.
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