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ABSTRACT

Background: Oral squamous cell carcinoma (OSCC) is a major health problem in South and Southeast Asia linked to betel nut
chewing, but detailed evidence on exposure patterns and independent risk is limited. This study assessed the association
between betel nut chewing habits and OSCC, focusing on exposure and risk factors. Methods: A retrospective case—control
study at Bangladesh Medical University in Dhaka (January 2024-January 2025) included 180 participants: 90 OSCC cases
confirmed histopathologically and 90 controls. Data via questionnaire covered sociodemographics, betel nut chewing, betel
quid use, smokeless tobacco, smoking, alcohol, and exposure duration and frequency. Chi-square tested associations, and
multivariable logistic regression identified independent OSCC predictors. Results: Betel nut chewing was significantly higher
in OSCC cases (80.0%) compared to controls (51.1%). Betel quid use (areca nut with tobacco) showed an even stronger
association (66.7% vs 40.0%). Long-term chewing (>10 years) was more common among OSCC cases (64.4%). Multivariable
analysis revealed that betel quid use (AOR = 4.15, p < 0.001), betel nut chewing (AOR = 3.42, p < 0.001), and duration >10
years (AOR = 2.96, p = 0.001) were significant independent predictors of OSCC. Smoking was also associated with increased
risk (AOR = 1.88, p = 0.046), while alcohol consumption was not statistically significant. Increasing age and male gender were
additionally identified as risk factors. Conclusion: Betel nut chewing, especially with tobacco, is a significant risk factor for
OSCC. Urgent public health measures are needed to reduce areca nut use and lower oral cancer in high-risk groups.

Keywords: Betel nut chewing, OSCC, betel quid, smokeless tobacco, risk factors,retrospective case—control study.

INTRODUCTION

Oral squamous cell carcinoma (OSCC) continues to pose a significant global public health issue, notably in regions
where betel quid chewing, classified as a Group 1 carcinogenic exposure, is prevalent [, In the year 2020, over
377,000 new cases were documented worldwide, with projections suggesting a 40% increase by the year 2040
2, While tobacco and alcohol are well-recognized etiological factors, products containing areca nut remain a
predominant risk factor for oral malignancies particularly in South and Southeast Asia ¥*. Despite the
established association, there are ongoing inconsistencies in the reporting of specific exposure patterns and
anatomical subsites within the existing literature ©°, further complicated by underreporting within regional
cancer registries [,

Betel quid contains biologically active alkaloids such as arecoline, which induce fibrotic and carcinogenic changes
within the oral mucosa, particularly in the gingivo-buccal region U1, The synergistic interaction of areca nut with
tobacco and alcohol further amplifies mutagenic potential, contributing to more aggressive disease phenotypes
and poorer clinical outcomes 8. However, despite increasing recognition of these mechanisms, limited clinical
evidence exists linking specific chewing behaviors including duration, frequency, and product type to tumor
differentiation patterns and anatomical distribution.

Furthermore, oral submucous fibrosis (OSMF), a well-established premalignant condition strongly associated
with areca nut exposure, plays a critical role in malignant transformation . Yet the progression dynamics from
OSMF to invasive OSCC, particularly in relation to quantified exposure levels, remain insufficiently characterised
in clinical cohorts !9, Existing studies largely emphasise mortality and incidence trends, while neglecting detailed
histopathological variation and site-specific tumour behaviour associated with chronic exposure %12,
Emerging evidence suggests that cumulative exposure metrics, such as the “betel-year” assessment, may
provide a more precise understanding of carcinogenic risk and disease progression 31, However, standardised
clinical validation of these models remains limited. Additionally, variations in tumour differentiation, nodal
metastasis, and recurrence patterns between OSMF-associated and non-OSMF OSCC cases are not adequately
explored in many retrospective datasets 4,
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Therefore, this hospital-based retrospective study aims to evaluate the association between betel nut chewing
habits and OSCC, with a specific focus on exposure patterns, duration, and clinical presentation. By integrating
detailed habit history with histopathological outcomes, this study seeks to provide refined evidence on how
areca nut exposure influences tumour behaviour and site-specific vulnerability.

METHODOLOGY

Study Design and Setting

This study was designed as a hospital-based retrospective analytical observational study using a case—control
design to evaluate the association between betel nut-related chewing habits and oral squamous cell carcinoma
(OSCC). The study was conducted at Bangladesh Medical University (BMU), Dhaka, Bangladesh, a tertiary referral
center for oral and maxillofacial pathology and oncology services. The hospital maintains comprehensive clinical
and histopathological records, allowing accurate identification of OSCC cases and selection of appropriate non-
OSCC controls for comparative analysis of exposure patterns.

Study Period

The study was conducted over a one-year retrospective review period from January 2024 to January 2025. All
eligible cases diagnosed within this timeframe were included based on medical record review and
histopathological confirmation.

Study Population and Sample Size

A total of 180 participants were included in this retrospective study, consisting of 90 histopathologically
confirmed OSCC cases and 90 non-OSCC controls. Controls were selected from patients treated at the same
institution for non-malignant oral conditions during the same study period and were confirmed to have no
clinical or histopathological evidence of malignancy. A 1:1 case—control ratio was applied to ensure
comparability between groups.

Eligibility Criteria

Inclusion criteria comprised patients aged 18 years and above with complete medical records. Cases included
patients with histopathologically confirmed primary OSCC. Controls included individuals without any history or
evidence of oral malignancy, verified through clinical examination and hospital records. Patients with recurrent
or metastatic oral cancers, incomplete exposure documentation, or missing key clinical data were excluded from
the study.

Data Collection and Study Variables

Data were extracted retrospectively using a structured and pre-tested data collection form from medical records
and supplemented by patient interviews when required. Information collected included sociodemographic
characteristics (age, gender, and socioeconomic status) and exposure history, including betel nut chewing, betel
quid use (areca nut with tobacco), smokeless tobacco consumption (pan masala/gutkha), mixed chewing habits,
smoking, and alcohol intake. Duration and frequency of chewing habits were recorded to assess dose—response
relationships.

Outcome Definition

The primary outcome of the study was the presence of oral squamous cell carcinoma (OSCC), confirmed
histopathologically according to standard diagnostic criteria. Individuals classified as cases had confirmed OSCC,
while controls were verified as free from OSCC based on clinical examination and hospital record review.
Statistical Analysis

Data were entered into Microsoft Excel and analyzed using IBM SPSS Statistics version 27.0. Descriptive statistics
were used to summarize participant characteristics and exposure variables in terms of frequencies, percentages,
and where appropriate, mean + standard deviation. Associations between categorical variables and OSCC status
were assessed using the Chi-square test. To identify independent predictors of OSCC, binary logistic regression
analysis was performed, and results were reported as adjusted odds ratios (AOR) with corresponding 95%
confidence intervals (Cl). A p-value of less than 0.05 was considered statistically significant.

Ethical Considerations

Ethical approval was obtained from the Institutional Ethics Committee of Bangladesh Medical University prior
to data collection. All data were handled with strict confidentiality and anonymity in accordance with
institutional ethical guidelines and principles of human research.

RESULTS

Table 1 shows the sociodemographic distribution of participants in the OSCC and non-OSCC groups. Most
participants were in the older age categories, especially 51-60 years (33.3% in OSCC vs 22.2% in non-OSCC),
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followed by 41-50 years (27.8% vs 22.2%) and >60 years (22.2% vs 18.9%)."Younger groups-(<30 and 31-40
years) were less represented, especially in OSCC. Males made up a higher proportion in both groups, with a
greater male presence in OSCC (72.2%) versus non-OSCC (61.1%). More OSCC participa'hts_i_belonged to low SES
(61.1%) compared to non-OSCC (44.4%), while non-OSCC had higher middle and high SES representation.

Table 1: Sociodemographic characteristics of study participants

Variable Category OSCC group n (%) Non-OSCC group n (%)
<30 (5.6) 13 (14.4)
31-40 10 (11.1) 20 (22.2)
Age (years) 41-50 25 (27.8) 20 (22.2)
51-60 0(33.3) 20 (22.2)
>60 0(22.2) 17 (18.9)
Male 65 (72.2) 55 (61.1)
Gender Female 25 (27.8) 35 (38.9)
Low 55 (61.1) 40 (44.4)
Socioeconomic Status (SES) Viddle 25 (27.8) 35 (38.9)
High 10 (11.1) 15 (16.7)

Table 2 shows exposure variables among OSCC and non-OSCC participants. Betel nut chewing was more common
in OSCC (80.0%) than non-OSCC (51.1%). Betel quid use was reported by 66.7% of OSCC versus 40.0% of non-
OSCC. Smokeless tobacco was higher in OSCC (50.0%) compared to controls (32.2%). Mixed chewing habits were
in 44.4% of OSCC, and 20.0% of non-OSCC. Smoking was more prevalent in OSCC (55.6%) than non-OSCC (33.3%).
Alcohol consumption was reported by 38.9% of OSCC and 27.8% of non-OSCC.

Table 2: Distribution of Exposure Variables among Study Participants

Variable Category OSCC group n (%) Non-OSCC group n (%)
) Yes 72 (80.0) 46 (51.1)
Betel nut chewing No 18 (20.0) 44 (48.9)

Y 7 4
Betel quid use (areca nut + tobacco) Neos gg gg 3; ii §68 8;
Smokeless tobacco use (pan Yes 45 (50.0) 29 (32.2)
masala/gutkha) No 45 (50.0) 61 (67.8)
. . . Yes 40 (44.4) 18 (20.0)
Mixed chewing habits No 50 (55.6) 72 (80.0)
. Yes 50 (55.6) 30 (33.3)
Smoking No 40 (44.4) 60 (66.7)
. Yes 35(38.9) 25 (27.8)
Alcohol

cohol consumption No 55 (61.1) 65 (72.2)

Table 3 shows the distribution of chewing duration and frequency among study participants in the OSCC and
non-0OSCC groups. Most OSCC participants chewed for over 10 years (64.4%), while only 11.1% in the non-OSCC
group did so. Shorter durations were more common in the non-OSCC group, with 51.1% reporting 6—10 years
and 37.8% <5 years, versus 24.4% and 11.1% in OSCC. Daily chewing was more common in both groups but
higher in OSCC (77.8%) than non-OSCC (64.4%), whereas occasional chewing was more frequent in non-OSCC

(35.6%) than OSCC (22.2%).

Table 3: Distribution of Chewing Duration and Frequency among Study Participants

Variable Category OSCC group n (%) | Non-OSCC group n (%)
Duration of chewing (years) <5 years 10(11.1) 34 (37.8)
6-10 years 22 (24.4) 46 (51.1)
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>10 years 58 (64.4) Ssoss =
Frequency of chewing Occasional 20(22.2) 32\"(35:6)
Daily 70 (77.8) 58 (64.4)

Table 4 presents the link between betel nut—chewing and oral squamous cell carcinoma (OSCC). Betel nut was
chewed by 80.0% of OSCC cases and 48.9% of controls, with a significant difference (x?>=18.42, p < 0.001). Betel
quid use (areca nut with tobacco) was seen in 66.7% of OSCC cases versus 40.0% of controls, also significantly
different (x?=22.15, p < 0.001).

Table 4: Association between Betel Nut—Related Chewing Habits and Oral Squamous Cell Carcinoma (OSCC)

Exposure Category OSCC group n | Non-OSCC group n X2 p-value
(%) (%)
Betel nut chewing Yes 72 (80.0) 46 (51.1) 18.42 <0.001
No 18 (20.0) 44 (48.9)
Betel quid use (areca nut + | Yes 60 (66.7) 36 (40.0) 22.15 <0.001
tobacco) No 30 (33.3) 54 (60.0)

Table 5 shows multivariable logistic regression analysis identifying independent predictors. Betel nut chewing
increased OSCC odds (AOR=3.42, p<0.001). Betel quid (areca nut with tobacco) had an even stronger link
(AOR=4.15, p<0.001). Chewing over 10 years raised odds (AOR=2.96, p=0.001). Smoking was significantly
associated (AOR=1.88, p=0.046), but alcohol was not (AOR=1.56, p=0.172). Age increased odds slightly
(AOR=1.04, p=0.012), and males had higher odds than females (AOR=2.21, p=0.017).

Table 5: Multivariable Logistic Regression Analysis Identifying Independent Predictors of Oral Squamous Cell
Carcinoma (OSCC)

Variable Adjusted OR (AOR) 95% ClI p-value
Betel nut chewing 3.42 1.78-6.58 <0.001
Betel quid use (areca nut + tobacco) 4.15 2.11-8.18 <0.001
Duration >10 years 2.96 1.52-5.75 0.001
Smoking 1.88 1.01-3.49 0.046
Alcohol consumption 1.56 0.82-2.98 0.172
Age (continuous) 1.04 1.01-1.07 0.012
Variables Adjusted Odds Ratio (95% CI)

Chowing-related factors

Betel quid use
(areca nut + tobacco)

[ ]

Betel nut chewing H

L ]

Duration >10 years : - s 2

Demographic factors

Male gander
{vs, female)

Ago (per additional year) |-

Lifestyle factors

Smoking |

L]

Alcohol consumption »77%—.—|
0.1 1 10
Adjusted Odds Ratlo (log scale)

Lower ocds
of OSCC

Hugher odds
of OSCC
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Figure I: Forest plot of independent predictors of oral squamous cell carcinoma (OSCC) identified through
multivariable logistic regression analysis ‘

Figure | shows adjusted odds ratios with corresponding 95% confidence intervals for chewing-related,
demographic, and lifestyle factors. The vertical reference line at OR = 1 indicates no association. Points to the
right of the reference line indicate increased odds of OSCC, while horizontal lines denote the precision of the
estimates.

DISCUSSION

This hospital-based case—control study demonstrated a strong and statistically significant association between
betel nut-related chewing habits and oral squamous cell carcinoma (OSCC). The findings showed that betel nut
chewing, betel quid use (areca nut with tobacco), and long-term exposure were independently associated with
increased odds of OSCC, even after adjusting for key confounders such as age, gender, smoking, and alcohol
consumption. These results reinforce the multifactorial etiology of OSCC, with a dominant contribution from
areca nut—based chewing practices.

The strongest association was observed for betel quid use containing areca nut and tobacco (AOR = 4.15),
followed by betel nut chewing alone (AOR = 3.42). This dose-dependent pattern is consistent with the
established carcinogenic role of areca nut, particularly when combined with tobacco. Similar findings have been
reported in Indian and South Asian populations, where combined exposure significantly elevates oral cancer risk
due to synergistic carcinogenic mechanisms involving arecoline-induced fibroblast proliferation and tobacco-
derived nitrosamines [15,16]. The observed association with prolonged chewing duration (>10 years) further
supports a cumulative exposure effect, which aligns with the chronic carcinogenic process described in
epidemiological studies of oral cancer progression 7],

Smoking was also independently associated with OSCC in the present study (AOR = 1.88), although the
magnitude of effect was lower compared to chewing-related exposures. This finding is consistent with existing
literature indicating that smoking acts as a co-factor rather than the primary driver in populations with high
prevalence of smokeless tobacco and areca nut use 8. Alcohol consumption, although showing an increased
odds ratio, was not statistically significant in this study, suggesting a weaker independent effect in this
population. This may reflect regional consumption patterns or potential confounding by stronger exposures such
as betel quid use.

Age and gender were also significant predictors of OSCC. Increasing age was associated with higher odds of
disease, reflecting cumulative exposure to carcinogens over time and age-related reduction in DNA repair
capacity. Male predominance in OSCC risk observed in this study is consistent with global and regional cancer
burden patterns, which are largely attributed to higher prevalence of tobacco and chewing habits among men
[19,20]

The present findings are consistent with epidemiological evidence from India and South Asia, where oral
squamous cell carcinoma (OSCC) remains highly prevalent and is strongly associated with smokeless tobacco
and areca nut use 2?2, Oral cancer in the region continues to occur in epidemic proportions, largely driven by
betel quid chewing practices, while smokeless tobacco has been identified as a major public health burden with
well-established carcinogenic potential 1>, Global evidence further supports a significant association between
smokeless tobacco use and increased risk of oral cavity cancer, with some populations demonstrating stronger
effects among females 18],

The role of lifestyle and behavioral risk factors identified in this study is further supported by systematic reviews
and cancer burden analyses, which consistently highlight tobacco use, alcohol consumption, and betel nut
chewing as major contributors to oral cancer development. Modifiable high-risk behaviors remain the most
significant determinants of disease occurrence, while increasing cancer burden has been reported in populations
with persistent exposure to these risk factors, particularly in India 3%, Additionally, global cancer trend
analyses confirm a sustained burden of oral and pharyngeal cancers, especially in low- and middle-income
countries, where chewing habits and other behavioral risk factors remain highly prevalent [1>20,

The strength of this study lies in its histopathologically confirmed cases, structured exposure assessment, and
multivariable adjustment for key confounders. However, as a hospital-based case—control study, potential
limitations include recall bias and selection bias, as well as inability to establish temporal causality. Despite these
limitations, the consistency of findings with existing literature strengthens the validity of the observed
associations.
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CONCLUSION .

This research confirms that betel nut chewing, especially when combined with tobacco;.constitutes a significant
independent risk factor for oral squamous cell carcinoma (OSCC). The results highlight the-critical necessity for
targeted public health initiatives, enhanced regulation of smokeless tobacco products, and community-based
awareness programs aimed at decreasing areca nut consumption and alleviating the increasing prevalence of
oral cancer in South Asia.
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