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O R I G I N A L  R E S E A R C H
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Background: Naswar, a smokeless tobacco product, commonly consumed in Pakistan, is associated with a 10-fold increase in the risk 
of oral cancer. However, little is known about Naswar’s underlying toxicity mechanisms.
Objective: The current study aimed to investigate the effects of Naswar use on oral health and salivary parameters.
Methods: A case-control study was conducted among Naswar users (n=42) and age-matched healthy controls (n=42) in Pakistan in 
2019. Participant data were collected using questionnaires. Decayed, missing, and filled teeth (DMFT) scores were computed during 
clinical examinations. Unstimulated whole saliva was collected to assess salivary flow rate, pH, and salivary total oxidative stress 
(TOS)/total antioxidant capacity (TAC) using commercially available kits. Participants' oral health parameters were compared between 
cases and controls using ANOVA.
Results: No significant differences were observed between the two groups in terms of age, oral health, and hygiene practices and 
mean DMFT score. Mean salivary pH and the salivary flow rate was significantly (p<0.001) higher in Naswar users (7.7 and 0.71 mL/ 
minute, respectively) than in non-users (6.95 and 0.52 mL/minute, respectively). Although TOS and TAC were not significantly 
different between the groups, Naswar users generally had a higher TOS (51.6±42 µmol/L) and lower TAC (0.55±0.18 mmol/L) than 
non-users (TOS 45.5±38.2 µmol/L and TAC 0.57±0.17 mmol/L). Correlational analysis also revealed a significant positive correlation 
between DMFT score and Naswar use duration (r=0.796, p<0.001) and the number of dips/units consumed each day (r=0.515; 
p<0.001).
Conclusion: Habitual Naswar use is associated with increased salivary flow rate, pH, and TOS, and reduced TAC levels in Pakistani 
adults compared to non-users. The pro-oxidant changes may contribute toward deleterious effects of Naswar use including oral cancer.
Keywords: salivary flow rate, salivary pH, oxidative stress, antioxidant capacity, oral health

Introduction
Consumption of smokeless tobacco (ST), a type of tobacco product that is used without burning or combustion, is 
a global public health issue. According to recent estimates, ST products are used by more than 300 million people across 
the globe,1 the majority of which reside in South East Asian countries. In these countries, ST use is gradually on the rise2 

primarily due to a lack of ST-specific tobacco control laws and legislation, insufficient scientific evidence on toxicity, and 
a general public belief that ST is a safer product.3

ST users are generally at a high risk of developing ST-related diseases such as cancer and ischemic heart diseases.4 In 
Pakistan, approximately 8% of the population consume at least one ST product, with the commonest being Naswar, paan, 
and gutka.5 Naswar is the most popular ST product used by the ethnic “Pashtun” population native to the Northwest areas 
of Pakistan (Khyber Pakhtunkhwa) and Afghanistan.6 In Peshawar city (the capital of Khyber Pakhtunkhwa province of 
Pakistan) and its peripheries, more than 60% of the tobacco consumed is in the form of Naswar.7 Naswar is usually 
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a mixture of sundried tobacco leaves, slaked-lime, wood ash, flavorings (cardamom, menthol), and sometimes coloring 
agents (indigo).8 In Pakistan, the product is prepared in the local cottage industries and sold in polythene bags without 
any safety warning. It is used in the form of a small pellet placed in the buccal vestibule usually between the mandibular 
premolars and first molar teeth. The users gently suck the Naswar pellet intermittently for extended periods of time and 
spit out when desired.9

Naswar use, just like other ST products, is a common risk factor for oral cancer, the second most common type of cancer in 
Pakistan.10 A recent meta-analysis by Khan et al (2019) found that Naswar users have a ten-fold risk of developing oral cancer 
when compared to Naswar non-users.11 The risk has generally been attributed to the presence of a large number of toxic 
substances present in Naswar including nicotine, heavy metals such as arsenic, beryllium, cadmium, chromium, cobalt, lead, 
and nickel, and tobacco-specific nitrosamines (TSNAs).12 It is believed that habitual tobacco use (both smoking and 
smokeless tobacco) enhances free radical (reactive oxygen species) generation in the human body,13,14 leading to oxidative 
stress when the balance between reactive oxygen species (ROS) concentration and the body’s antioxidant defense mechanism 
is lost. Oxidative stress has been implicated as an important biological mechanism in carcinogenesis due to the direct 
damaging effect of reactive oxygen species on cellular DNA.15,16 The body’s antioxidant defense mechanism is vital in 
counteracting the damaging effects of oxidative stress, especially in tobacco users.17 However, active smokers and ST users 
have lower levels of protective antioxidants (superoxide dismutase, glutathione peroxidase, and catalase) compared to the 
general population and thus are at an increased risk of carcinogenesis.18,19 There is mounting research evidence suggesting 
tobacco use as a risk factor for enhanced oxidative stress and related complications in humans. For example, increased 
oxidative stress in Naswar users damages macromolecules such as DNA in the oral mucosa resulting in oral pre-malignant and 
malignant transformation.20,21 Thus, the high prevalence of oral cancer in Naswar users could be attributed to the oral mucosa 
being the first and most directly exposed site to the toxic effects of ST.11

The absorption of nicotine and other toxic constituents found systemically among ST users primarily occurs through the 
mucous membranes in the oral cavity.22 Therefore, the oral mucosa of ST users is under constant stress due to oxidative stress 
triggered by the toxic constituents. Indeed, the first exposed site for the constituents and emissions of tobacco in tobacco users 
is the oral cavity. Consequently, it is the most vulnerable site for clinical, immunologic, carcinogenic, and microbial effects of 
ST use.22 The oral mucosa can therefore be used as a site to evaluate the deleterious effects of nicotine and other toxic 
constituents present in ST. However, to the best of our knowledge, the impact of habitual Naswar use on oxidative stress and 
total antioxidant capacity of saliva is unknown. Therefore, the current study aimed to quantify the impact of habitual Naswar 
use on markers of salivary oxidative stress and antioxidant capacity in adult, healthy volunteers.

Methodology
Study Design and Setting
This case control study was conducted at the Medical Teaching Institute Hayat Medical Complex (MTI–HMC) Peshawar 
from February 2019 to July 2019. MTI–HMC is the second largest tertiary care teaching hospital of Peshawar, the capital 
city of Khyber Pakhtunkhwa province of Pakistan. In 2022, the hospital provided healthcare services to approximately 
1.5 million patients including 30,000 Afghan refugees in 32 different specialties including oral and dental care.23

Study Population
Study participants were 84 male adults, aged 18 years and above and divided into two groups (cases and controls). Cases 
(n=42) were exclusive Naswar users who had used Naswar at least once each day in the 12 months preceding the 
interview date and had no apparent oral or systemic disease. Controls (n=42) were age- (±18 years) and ethnicity- 
matched healthy volunteers (n=42) who lived in the same area as cases and had never used any tobacco product in their 
entire life. Past smokers, those who were using other types of tobacco products, or those who were on antibiotics or 
prescription mouthwash at the time of the interview, or in the one month preceding the interview date, were ineligible to 
participate.
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Participant Recruitment and Data Collection
Participants were identified by word of mouth and poster displays in areas surrounding the study site. Participant 
information sheets containing all the details about the study in the local language (Pashto) and the national language 
(Urdu) were provided to all the participants. The study procedures were also verbally explained to participants, and 
participants’ queries, if any, were answered by the researcher. Upon completion of the information session, consenting 
participants were asked to sign a written informed consent document which preceded data collection. An interviewer- 
administered structured questionnaire consisting of 32 open-ended and closed questions, developed in consultation with 
expert dental and public health professionals (n=4) and pre-tested on eight volunteers who did not take part in the study, 
was used for data collection. The questionnaire had four sections: section A included demographic information such as 
age, gender, ethnicity, etc.; section B collected information on socioeconomic status; and sections C and D had questions 
about participants’ Naswar intake and oral health and hygiene. Once the data were collected, the participants were 
instructed to schedule an appointment for free dental checkup with a dentist at a convenient date but preferably within 
one month of recruitment into the study.

Clinical Oral Examination
All participants underwent clinical oral examination in a well-equipped dental facility at MTI–HMC. The participants 
were first reclined comfortably in supine position on a dental chair. Clinical oral examination was carried out by a single, 
experienced dentist who did not know whether the participant was in case or control group. A separate set of disposable 
dental mirror and probe was used for each participant to limit the risk of cross-infection. The decayed, missing, filled 
teeth (DMFT) score was used to assess oral health status and document the presence of dental caries (enamel or dentine), 
missing teeth, and restorations24 on a data collection sheet. The DMFT score is the sum of the number of decayed, 
missing due to caries, and filled teeth in the permanent dentition.

Saliva Sample Collection and Onsite Analysis for pH and Flow Rate
Unstimulated, whole saliva samples were collected from all the participants following a standard procedure.25 Briefly, the 
participants were instructed not to brush their teeth on the day of sample collection. They were also advised to refrain 
from eating or drinking any fluid except water at least one hour before saliva collection to avoid dilution and 
contamination of saliva with food debris. Ten minutes before sample collection, the participants were asked to rinse 
the mouth thoroughly using distilled water to remove any food debris. Each participant was asked to tilt his head and 
slightly open his mouth to allow the saliva drool onto the floor of the mouth over a period of five minutes. The participant 
would then be asked to spit the collected saliva into a sterile tube (15 mL). Efforts were made to collect at least 5 mL of 
saliva sample from each participant. The salivary flow rate was calculated by dividing the volume collected by duration 
of collection and computed as mL/minute. Onsite analysis of pH was done using digital pH meter (InoLab WTW 7110). 
The samples were than aliquoted and stored at −80°C for further analyses.

Measurement of Total Oxidant Status and Antioxidant Capacity
The total oxidant status (TOS) and total antioxidant capacity (TAC) of the stored salivary samples for both the Naswar 
users and the control subjects were assessed using commercially available kits (Rel Assay Diagnostics, Turkey) 
following manufacturer instructions.

Statistical Analysis
Data were coded and analyzed using the Statistical Package for Social Science (SPSS, Windows version 24). The 
normality of the data was examined using Kolmogorov–Smirnov test and the Shapiro–Wilk test. Continuous variables 
were reported as mean and standard deviation (SD). Categorical data were reported as frequency and percentage. 
Comparisons between continuous variables were conducted using the independent t-test, and chi-square and Fisher 
exact tests were used to evaluate the difference between Naswar users and non-users in terms of categorical variables. 
An ANOVA was conducted to examine the effect of participant demographic and oral health characteristics on various 
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oral health outcomes in parametric data. The Mann–Whitney test and Kruskal–Wallis test were used to assess the effect 
of participant characteristics on oral health outcomes in non-parametric data. A p-value of <0.05 was considered 
statistically significant.

Ethical Considerations
Ethical approval was granted by Ethics Board of the Khyber Medical University (DIR/KMU-EB/PR/00532).

Results
Demographic Characteristics and Oral Health and Hygiene Habits of Naswar Users 
and Non-Users
A total of 42 Naswar users and 42 non-tobacco users as healthy controls were enrolled. The mean age of all the 
participants was 29.64±9.98 years, the majority were of high school or college level education (52%), were employed 
(49%), lived in their own homes (76%) with more than 10 household members (62%). There was a significantly lower 
proportion of employed persons among Naswar users when compared to the the non-users (46% vs 52%; p=0.0031). 
Naswar users and non-users did not differ by age, education level, type of dwelling, duration lived at current residence, or 
number of household members.

Among all participants, the majority brushed their teeth twice a day (60%), in the morning and at bedtime (60%), 
using a toothbrush and toothpaste (56%). A minority complained of bleeding gums during brushing (30%) and teeth 
mobility (19%). Most participants (77%) only visited the dentist as needed. A lower proportion of Naswar users used 
toothbrushes and toothpaste to clean their teeth when compared to non-users (36% vs 76%; p=0.0009). Naswar users and 
non-users did not differ by other oral health habits (Table 1).

Table 1 Characteristics and Oral Health Habits of Participants Who Were Enrolled in the Case Control 
Study to Compare Naswar Users to Non-users, Pakistan

Participant Characteristics Total Naswar User Non-User P value
N=84 (%) N (%) N (%)

Demographic characteristics

Age group

18–25 years 34 (41) 16 (38) 18 (43) 0.205

26–34 years 25 (30) 11 (26) 14 (33)

35–44 years 13 (15) 10 (24) 3 (7)

45–54 years 12 (14) 5 (12) 7 (17)

Education

Primary and below 10 (12) 7 (17) 3 (7) 0.129

High school and college 44 (52) 24 (57) 20 (48)

University level 30 (36) 11 (26) 19 (45)

Occupation

Employed (govt., private, or business owners) 41 (49) 19 (45) 22 (52) <0.0001

Daily-wage worker 22 (26) 19 (45) 3 (7)

Student 21 (25) 4 (10) 17 (41)

(Continued)
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Laboratory and Clinical Outcomes
Clinical oral health status as assessed by DMFT score as well as lab-based salivary parameters were further compared 
between the two groups. Using independent samples t-test, we found elevated salivary pH (7.7) and flow rate (0.71 mL/ 
minute) in Naswar user group compared to the non-user group (6.95 and 0.52 mL/minute, respectively), and the 
differences were statistically significant (p<0.001) (Figure 1A and B). In terms of clinical oral health status as assessed 
by DMFT score, no significant differences were found between the two groups (Figure 1C). Similary, Naswar users 
generally had a higher TOS (51.6±42 µmol/L) and lower TAC (0.55±0.18 mmol/L) than non-users (TOS 45.5±38.2 
µmol/L and TAC 0.57±0.17 mmol/L) (Figure 1D and E), although there was no statistically significant difference.

Table 1 (Continued). 

Participant Characteristics Total Naswar User Non-User P value
N=84 (%) N (%) N (%)

Dwelling

Own house 64 (76) 33 (79) 31 (74) 0.608

Rented building or other 20 (24) 9 (21) 11 (26)

No. of household members

<10 32 (38) 13 (31) 19 (45) 0.178

10–15 52 (62) 29 (69) 23 (55)

Oral health habits

Daily teeth brushing frequency

Once 34 (40) 18 (43) 16 (38) 0.656

Twice or more 50 (60) 24 (57) 26 (62)

When teeth are brushed

Morning only 34 (40) 16 (38) 18 (43) 0.656

Morning and bedtime 50 (60) 26 (61) 24 (57)

What is used to clean teeth

Toothbrush and toothpaste 47 (56) 15 (36) 32 (76) 0.0002

Miswak/other, eg Dandasa 37 (54) 27 (64) 10 (24)

Gums bleed during brushing

No 59 (70) 30 (71) 29 (69) 0.811

Yes 25 (30) 12 (29) 13 (31)

History of teeth mobility

No 68 (81) 33 (79) 35 (83) 0.578

Yes 16 (19) 9 (21) 7 (17)

Frequency of dental visits

Regularly (every six months) 1 (1.2) 0 (0) 1 (2.4) 0.790

As needed 65 (77.4) 32 (76.2) 33 (78.6)

Never visited a dentist 18 (21) 10 (24) 8 (19)
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Naswar Use Characteristics and Oral Health Outcomes
Among Naswar users, the most common type used was the green moist type (62%), of the Bara brand (50%), which was 
placed in the lower right quadrant of the mouth (33%). Users dipped between 1 to 10 dips a day (45%) for a duration of 1 
to 5 minutes (50%) and spat out the saliva (93%) (Table 2).

Individuals who use 1–10 units of Naswar per day had significantly lower DMFT scores compared to those who 
used 11–20 or >20 units daily (p=0.005). Regarding the type of Naswar, individuals who consumed green moist 
Naswar had significantly higher DMFT scores than those who consumed other types (p=0.005). On the other hand, 
there was no significant association between the number of daily units and the salivary pH (p=0.545), salivary flow 
rate (p=0.491), total oxidant status (p=0.089), and total antioxidant capacity (p=0.403). Likewise, there was no 
association between duration of Naswar consumption or behaviors towards saliva after using Naswar and oral health 
outcomes (Table 3).

Figure 1 (A-E)Laboratory and clinical oral health status of the participants. (A) Salivary pH; (B) Sa livary flow rate; (C) Decayed, Missing and Filled teeth (DMFT) score; (D) 
Salivary total oxidant status (TOS); (E) Salivary total antioxidant capacity (TAC). Independent sample t-test was used. ****p<0.0001, ***p<0.001. 
Abbreviation: ns, non-significant.
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Discussion
We set out to quantify the impact of habitual Naswar use on markers of oxidative stress and antioxidant status in adult 
healthy volunteers. There were more daily-wage workers among Naswar users. Naswar users mainly used 1 to 10 daily 
dips of the green moist type of Naswar of the Bara brand, which they spat out after chewing it. The DMFT scores, 
salivary pH, flow rate, TOS, and TAC were higher in the Naswar group than in the non-user group. Naswar users who 

Table 2 Characteristics of Naswar Use by Cases, Pakistan

Characteristics N=42 (%)

Type of Naswar commonly used

Green moist 26 (62)

Black dry 12 (29)

Green dry 3 (7)

Black moist 1 (2)

Brand of Naswar commonly used

Bara brand 21 (50)

Wazir bagh 6 (14)

Banuse 5 (12)

Sarhad 2 (5)

Other 8 (19)*

Quadrant of the mouth Naswar is usually placed?

Lower right 14 (33)

Lower left 11 (26)

Upper left 10 (24)

Upper right 7 (17)

Mean number of daily units normally dipped (SD) 17.24 (10.81)

Daily number of dips

1–10 19 (45)

11–20 14 (33)

>20 9 (21)

Duration of dips in minutes

1–5 21 (50)

6–10 11 (26)

>10 10 (24)

What user does with saliva coming into his/her mouth

Spits 39 (93)

Swallows 3 (7)

Note: *Each brand was consumed by one participant.
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Table 3 Association Between Oral Health Scores and Characteristics of Naswar Use for Cases, Pakistan

Characteristics of Naswar Use Oral Health Scores

DMFT SCORE Salivary pH Salivary Flow Rate 
(mL/min)

Total Oxidant Status 
(µmol/L)

Total Antioxidant 
Capacity (mmol/L)

Mean (SD) P-value Mean (SD) P-value Mean (SD) P-value Mean (SD) P-value Mean (SD) P-value

Type of Naswar used*

Green moist 3.19±1.06a 0.005 7.71±0.25 0.735 0.70±0.26 0.539 64.26±46.37 0.099 0.61±0.20 0.267

Green dry 2±1a,b 7.70±0.17 0.70±0.00 27.75±17.37 0.53±0.12

Black dry 2.25±0.45b 7.68±0.25 0.73±0.15 32.62±25.24 0.48±0.18

Number of units used per day

1–10 per day 2.26±0.65a 0.005 7.73±0.26 0.545 0.70±0.18 0.491 36.01±30.83 0.089 0.54±0.21 0.403

11–20 per day 3.07±1.14b 7.64±0.19 0.76±0.23 60.48±45.14 0.55±0.20

>20 per day 3.44±1.13b 7.72±0.28 0.66±0.29 70.87±49.62 0.63±0.16

Duration of Naswar use

1–5 min 2.57±0.93 0.207 7.76±0.24 0.141 0.73±0.20 0.240 45.62±42.19 0.365 0.56±0.21 0.496

6–10 min 2.91±0.83 7.57±0.16 0.64±0.26 69.84±50.04 0.61±0.22

>10 min 3.10±1.45 7.70±0.29 0.74±0.23 44.26±27.43 0.52±0.13

What user does with saliva coming into his/her mouth

Spit 2.72±1.05 0.080 7.71±0.24 0.454 0.72±0.22 0.577 51.26±41.77 0.927 0.56±0.19 1.000

Swallow 3.67±0.58 7.57±0.25 0.63±0.21 56.51±54.73 0.57±0.26

Notes: *Black moist excluded from this analysis. aKruskal–Wallis test. bGrouping variable.
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consumed the green moist type had the highest DFMT scores when compared to users of other brands. Likewise, those 
who used a higher number of Naswar units per day also had higher DFMT scores.

The proportion of DFMT is known to increase with age.15,26,27 Tobacco products are also known to have an impact on 
dental health.28 Naswar use thus may have an impact on DFMT scores only at an advanced age; this impact could be 
related to duration of Naswar use since onset and is related to the quantity of Naswar use29 and type of Naswar use. 
However, in this study the Naswar users were young adults aged 18–34 years (64%). Moisture is known to increase the 
constituents of ST products.30 The impact of Naswar use on DFMT may be limited by the number of dental visits made 
by a Naswar user. The predominance of daily wage workers among Naswar users and a limited number of students 
among the Naswar users could be related to their education level. Naswar users were mainly those of lower educational 
level who could spend close to USD 1.00 a day on ST products.5

An important finding of the present study was that habitual Naswar use results in a significant increase in the salivary 
flow rate and pH. These findings contrast with the previously published studies among other types of smokeless tobacco 
users. For example, decreased salivary flow rate has been reported in smokeless tobacco users from Iran,31 Saudi 
Arabia,32 and India.33 Similarly, these studies have also reported decreased salivary pH in smokeless tobacco users 
compared to non-users. These differences in oral parameters between Naswar and other types of smokeless tobacco 
products may be due to differences in chemical composition of these products. Naswar, in addition to ground tobacco, 
also contains ash and slaked lime which greatly increases the pH of the oral cavity. The increased pH may also enhance 
nicotine absorption through the mucous membrane of the mouth.11 The increased salivary flow rate in Naswar users may 
also have a diluting effect and reduce the activity of salivary proteins and antioxidant enzymes as reported elsewhere.34

Excessive generation of free radicals and the resultant oxidative stress condition are commonly implicated as an 
important molecular mechanism underlying different diseases in humans including those commonly reported in ST 
users.13 The presence and detection of different oxidative stress markers in saliva are increasingly being discussed as an 
innovative, non-invasive, and advanced method in the risk assessment, diagnosis, and prognosis of different oral and 
systemic conditions. However, due to the extremely short half-life of the free radicals, measurement of oxidation 
products is most commonly used as an indicator of oxidative stress.35 Previously, research studies have shown that 
tobacco users have high levels of lipid peroxidation, protein oxidation, and DNA damage markers9,13 compared to non- 
users. However, among ST users, a test measuring salivary TOS36 and TAC is more appropriate and context-specific 
since saliva is the first component of the human body that comes in contact with ST during use.

The salivary TOS and TAC of Naswar users were higher than those of non-users, although these differences were not 
significant. Tobacco use is an important risk factor for enhanced oxidative stress and related complications in humans. 
Increased oxidative stress in Naswar users may damage macromolecules such as DNA in the oral mucosa, resulting in 
oral pre-malignant and malignant transformation.20,21 This hypothesis is reinforced by several in-vitro studies reporting 
genotoxic and DNA-damaging effects of different smokeless tobacco products that is mediated through production of 
reactive oxygen species.37 In fact, epidemiological studies have revealed higher odds of oral and upper aerodigestive tract 
cancers in tobacco users than in non-users.38 In the literature, TAC is reduced among smokers.39 However, we observed 
an increase in TAC. The increase in antioxidative capacity is an indicator of improved internal oxidative status and could 
also be an adaptation to increased oxidative states at an early age.40 Total antioxidant status is increased in states of 
oxidative stress.41

Since we did not collect Naswar use duration, it is challenging to link the changes in TAC to duration of 
Naswar use. The relationship between tobacco use and TAC is controversial, and this may be attributed to varied 
methods for antioxidant measurement, and genetic and ethnicity diversities. A study among male smokers in Iran 
showed an insignificant weak positive correlation between smoking duration and TAC,39 a relationship we could 
possibly liken to the observed insignificant increase in TAC levels with Naswar quantity. Total antioxidative 
capacity reduces as a function of human age.42 However, in the absence of a wide range of age groups in our 
study, we were unable to systematically assess for this relationship.

Although this is the first study of its kind assessing impact of Naswar use on oral health parameters, our study 
had some limitations. The current study, instead of comprehensive oral health assessments, employed only the 
DMFT index to assess the impact of Naswar use on oral health status. ST use including Naswar is a common risk 
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factor for a number of other oral health diseases and conditions, including poor periodontal health and oral lesions, 
and a comprehensive oral health assessment would have been an advantage. Due to cultural constraints, our study 
was only limited to male participants; therefore, inferences cannot be made about gender-specific variations of the 
effects of ST on oral health parameters. Nevertheless, we were able to provide information that could be used to 
manage the largest proportion of ST users that are primarily males.36 Furthermore, the accuracy of our responses 
maybe limited by recall bias. Nevertheless, we limited our recruitment to recent ST use and used oral health 
assessment measures that could cater for the short-half lives of the tested parameters. Additionally, we relied on 
snowball sampling and word of mouth recruitment; it is possible that our participant selection may be biased. 
However, the study site has a large catchment area and is visited by a representative Pakistani population.

Conclusion
The changes in oral health parameters among Pakistani ST users could be associated with the increased cancer risk among 
this population. Although these markers could potentially serve as biomarkers for oxidative stress among ST users, our 
results were both congruent and incongruent with published literature, an observation that could be attributed to genetic and 
ethnic diversity, education level, chemical components within ST, oral health habits, assessment methods, or other factors. 
Further research should investigate the influence of other factors on oral health outcomes among ST users in diverse contexts, 
taking into consideration the chemical constituents of different ST products and assessment methods for oral health 
outcomes, with a view to recommend screening methods for potential cancer risk in this population.
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