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Abstract

Smoking is a major risk factor for many oral disease and
changes such as the oral microbiome and the integrity of the epithelial
cells. It is a major driver of microbial dysbiosis and causes early
cytological changes which gives potential to inflammation, therefore
increasing the risk for oral pathological conditions. This study intends
to investigate the link between microbial dysbiosis and epithelial
changes in regular smoker’s subjects, and determine the smoking
related oral diseases. Eighty participants were studied (40 smokers
and 40 non-smokers). Analysis of salivary samples were performed
for total bacterial counts, microbial composition, and diversity index.
Buccal swabs were performed to collect the oral epithelial cells, and
assessed cytologically for cell diameter, nuclear diameter, N/C ratio,
inflammatory cell count, and atypia. Smokers had greater bacterial
load (7.92 + 0.48 log CFU/mL), proportion of pathogenic bacteria
(61.8 + 7.9%), and reduced diversity (2.08 = 0.27). Cytological
findings were consistent with both larger nuclear diameter (9.6 £ 1.3)
and N/C ratio and higher inflammatory cell counts (38.5 = 6.4
cells/HPF) in smokers compared with non-smokers (all p < 0.001).
Smokers had cytological atypia in 35.0%, while non-smokers did not
(P < 0.01). In Conclusion, Smoking induces significant microbial
dysbiosis and early epithelial cytological changes in the oral cavity.

Keywords: Smoking, oral microbiota, exfoliative cytology,
nuclear—cytoplasmic ratio, inflammation, dyshiosis.

Smoking is one of the most serious global public health challenges and a well-known
risk factor for systemic and oral diseases (1, 2). Tobacco smoke has many harmful and
potentially carcinogenic constituents that can adversely affect oral tissues, resulting in
diseases such as periodontal disease, oral mucosal lesions, and oral cancer. These adverse
effects of tobacco are particularly important in the oral cavity, as it is the first site of
exposure to tobacco (3). Along the decades, the effect of smoking on the oral microbiome
have received more attention. The diversity and dynamism of the microbiome in the oral
cavity are important factors in establishing and maintaining oral health (4, 5). This can be
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disturbed during a process referred to as dysbiosis, which results in a higher ratio of
pathogenic microorganisms and a lower ratio of beneficial commensals (6). Several
studies indicated that smoking causes significant alterations of oral microbiota
compositions and densities with a propensity towards the development of a dysbiotic
microbial community profile popularly associated with the potential for disease (7-9).
Moreover to microbial alterations, smoking also leads to the structural and functional
changes of oral epithelial cells (10, 11). Tobacco cause disruption of normal biological
function via changes in the gene expression pattern, resulting in a nuclear enlargement,
increase in nuclear—cytoplasmic (N/C) ratio, hyperchromasia, and other cytologic
changes (12,13). These changes are early signs of epithelial stress and can occur before
dysplasia or malignancy develops (14). Although, there are increasing evidence regarding
the effects of smoking on oral microbiota and epithelial cells individually, there are few
studies combining both the microbiological and cytological evaluations. Consequently,
this study designed to investigate the link between microbial dysbiosis and epithelial
changes in regular smoker’s subjects. In addition, to determine the smoking related oral
diseases.

Materials and Methods
Ethical Approval

The study protocol was approved by the Ethical Committee of Al-lragia University,
approval number: [ESA&HER-29-04]. Written informed consent was obtained from all
participants in accordance with the Declaration of Helsinki.

Study Design and Participants

The total number of subjects involved in the current study was s 80, in the age group (18-
45 years). The subjects were comprised 40 smokers and 40 healthy participants. The
inclusion criteria was the smokers individuals who had smoked cigarettes at least
regularly for more than lyear and non-smokers had never smoked or used tobacco.
Smokers were further categorized based on smoking duration (years) into short-term
smokers (1-<5 years), moderate-duration smokers (5-10 years), and long-term smokers
(>10 years). In addition, smokers were classified according to smoking intensity
(cigarettes/day) into light smokers (<10 cigarettes/day) and heavy smokers (=10
cigarettes/day). The exclusion criteria were subject with younger than 18 years or older
than 40 years, and those with systemic diseases, active oral infections, nonsmokers
advanced stages and grades periodontal diseases, alcohol abuse habit, or have received
antibiotic therapy within three months before study entry.

Saliva Collection and Oral Epithelial Cell

Stimulated saliva samples were collected according to a protocol adapted from a previous

study (15). Samples were collected in the morning between 9:00 AM and 11:00 AM to

reduce variability. Participants were trained to avoid exercise, eating, drinking, and tooth

brushing for at least one hour before sample collection. Approximately 5 mL of

stimulated saliva was collected from each participant into sterile containers. Oral
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epithelial cells were collected from the buccal mucosa using sterile cotton swabs under
standardized conditions. Before swab collection, participants rinsed their mouths with
normal saline to help remove debris and loosely attached dead cells.

Microbial Analysis

Ten-fold serial dilutions was used to dilute the saliva .Then, 0.1 ml was inoculated onto
blood agar. The total microbial load was calculated. The biochemical tests and Gram stain
were used to identify the isolated microbes. Microbial diversity was measured using

Shannon index (16).
S
I __
H = - Z p; Inp;
=1
H' Shannon diversity index

pi represents proportion of the ith microbial species
S represents the total number of species identified

Cytological Analysis

The epithelial tissue smeared onto clean, labeled glass slides and fixed in 95% ethanol for
15-20 minutes to preserve cellular morphology. The slides were subsequently stained
using the Papanicolaou (Pap) staining technique following standard protocols (17). The
following cytomorphometric parameters were assessed: epithelial cell diameter (um),
nuclear diameter (um), and nuclear—cytoplasmic (N/C) ratio. In addition, the number of
inflammatory cells per high-power field (HPF) was recorded. Qualitative assessment
included the evaluation of cytological atypia, such as nuclear enlargement,
hyperchromasia, irregular nuclear borders, and binucleation.

Statistical Analysis

Data were analyzed using IBM SPSS Statistics version 26.0 (18). Results are presented
as mean = standard deviation (SD). Comparisons between groups were performed using
the independent t-test, while categorical variables were analyzed using the Chi-square

test. Pearson’s correlation coefficient was used to assess relationships between variables.
A p-value <0.05 was considered statistically significant.

Results

A total of 80 participants were included, with 40 smokers and 40 non-smokers.
Demographic Data
There was a higher proportion of males in the smoker group (87.5%) than in non-smokers

(82.5%), but the difference was not statistically significant (p =0.53). Females comprised
15:0% (n~= 78) of the total sample (Table. 1). The largest age group was 26-35 years
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(47.5%), followed by 18-25 years (28.8%), and 3645 years (23.7%). Age distribution
was not significantly different in smokers versus non-smokers (p = 0.69).
Salivary Microbial Findings

Salivary analysis showed a higher bacterial load in smokers (7.92 + 0.48 log CFU/mL)
compared to non-smokers (6.31 = 0.42, p < 0.001). The proportion of pathogenic bacteria
was also increased in smokers (61.8 + 7.9%) versus non-smokers (30.4 = 6.2%, p <
0.001). In contrast, commensal bacteria were lower in smokers (22.5 + 4.8%) compared
to non-smokers (47.9 £ 6.9%, p <0.001) (Table.2).

Table. 1: Distribution of Patients According to Age and Gender

Smokers | T P
. — 2 =
Variable Category (n=40) Err:;(;li)e)rs Total (n=80) | value
35 o 0
Gender Male (87.5%) |30 (823%) | 68(83.0%) 59| 53
Female |5 (12.5%) | 7 (17.5%) 12 (15.0%)
10 o o
18-25 (25.0%) 13 (32.5%) | 23 (28.8%)
Age Group 3 20 o o
(years) 26-35 (50.0%) 18 (45.0%) | 38 (47.5%) 0.74 | 0.69
10 0 0
3645 (25.0%) 9 (22.5%) 19 (23.7%)

Table. 2: Salivary Microbial Profile in Smokers and Non-smokers, Mean + SD

Parameter Smokers Smokers mean | p-value
mean+ SD (n = | £ SD (n=40)
40)
Total bacterial count (log | 7.92+0.48 6.31 £0.42 <0.001
CFU/mL)
Pathogenic bacteria (%) 61.8+79 304 +£6.2 <0.001
Commensal bacteria (%) 22.5+4.38 47.9+6.9 <0.001
Shannon diversity index 2.08 £0.27 3.36 £0.38 <0.001

Cytological Analysis

The cytologically evaluation of oral epithelial cells from smokers and non-smokers
presented in (Table. 3). The mean epithelial cell diameter was significantly lower in
smokers (48.2 £ 5.6 um) compared to non-smokers (55.7 £ 4.9 um, p < 0.001). In contrast,
nuclear diameter was significantly increased in smokers (9.6 + 1.3 um) compared to non-
smokers (7.2 £ 1.1 um, p < 0.001). Accordingly, the nuclear—cytoplasmic (N/C) ratio was
markedly higher in smokers (0.20 + 0.03) than in non-smokers (0.13 + 0.02, p < 0.001).
Smokers also exhibited a significantly greater number of inflammatory cells (38.5 + 6.4
cells/HPF) compared to non-smokers (16.8 + 4.1 cells/HPF, p < 0.001). Cytological
atypia was observed in 14 smokers (35.0%), whereas no atypical changes were detected
72
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in non-smokers (0.0%, p < 0.001). Among qualitative findings in smokers were
hyperchromasia of nuclei, irregularity of nuclear borders, and binucleation in some
instances.

Correlation Analysis

Correlation analysis revealed that smoking variables, microbial parameters and
cytological changes were significantly associated. The N/C ratio (r=0.68, p <0.001) and
total bacterial load (r = 0.66, p <0.001) showed strong positive correlations with smoking
duration. There was also a positive correlation between bacterial load and inflammatory
cells (r=0.69, p <0.001) (Table. 4).

Table. 3: Cytological analysis of oral epithelial cells in smokers and non-smokers, Mean
+ SD

Parameter Smokers Non-smokers
meant SD (n=| mean: SD (n =
40) 40)

Cell diameter (um) 48.2+5.6 55.7+4.9

Nuclear diameter (um) 9.6+ 1.3 7.2=+1.1

Nuclear—cytoplasmic ratio 0.20 £0.03 0.13+0.02

Inflammatory cells (cells/HPF) | 38.5 + 6.4 16.8 +4.1

Cytological atypia, n (%) 14 (35.0%) 0 (0.0%)

Smoking Intensity

When smokers were divided by smoking intensity heavy smokers (n = 22) demonstrated
greater cytological and microbiotic change versus light smokers (n = 18). Heavy smokers
had a significantly higher N/C ratio (0.23 + 0.02) compared with light smokers (0.17 +
0.03), p <0.001. In heavy smokers (8.28 + 0.39 log CFU/mL) vs. light smokers (7.45 +
0.46 log CFU/mL, p < 0.001) the total bacterial count was similarly increased (table 5).
The number of inflammatory cells was also significantly higher in the heavy smokers
(52.7 £ 6.1 cells/HPF) vs the light smokers (40.3 = 5.6 cells/HPF, p <0.001). In addition,
cytological atypia was more common among heavy smokers cases (10/22, 45.5%) than
among light smokers (4/18 cases, 22.2%, p = 0.04).

Table. 4: Correlation between Smoking Parameters, Microbial Profile, and Cytological
Changes

Variables r p-value
Smoking duration vs N/C ratio 0.68 | <0.001
Smoking duration vs bacterial load | 0.66 | <0.001
Bacterial load vs inflammatory cells | 0.69 | <0.001
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Table. 5: Comparison of Parameters According to Smoking Intensity, Mean + SD

Parameter Light smokers | Heavy smokers | p-value
mean+ SD (<10/day, | mean+ SD
n=18) (>10/day, n = 22)

N/C ratio 0.17 +0.03 0.23 +£0.02 <0.001

Bacterial count (log | 7.45+0.46 8.28 £0.39 <0.001

CFU/mL)

Inflammatory cells | 40.3£5.6 52.7+6.1 <0.001

(cells/HPF)

Cytological atypia, n (%) 4 (22.2%) 10 (45.5%) 0.04
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Figure. 1: The oral epithelium in smokers and non-smokers. Smokers (A1-A3) exhibit
nuclear enlargement, increased N/C ratio, hyperchromasia, and inflammatory
infiltration, whereas non-smokers (B1-B3) show normal cellular morphology with low
inflammatory background (x40).

Discussion

The present study demonstrated that smoking is associated with significant alterations
in salivary microbial composition and oral epithelial cytology. Smokers had more
bacterial load, a higher proportion of pathogenic bacteria, a less diverse microbial
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community, and significant cytological changes, including increased N/C ratio and
inflammatory cell infiltration. These results indicate that tobacco exposure has
microbiological and cellular effects in the oral cavity. Smokers have been reported to have
a markedly higher total bacterial count. These results are compatible with previous study
done by Brook,(2011)(19). It showed that smoking facilitates colonisation by pathogenic
microorganisms and leads to deviation of the normal oral flora (19). Additionally, the
results of the current study showed a significantly higher bacterial load was seen for the
smoker group compared to non-smokers (7.92 £+ 0.48 log CFU/mL vs. 6.31 £ 0.42, p <
0.001), increased pathogenic bacteria and reduced commensals was also found in
smokers. These results agree with results of previous study (20). Al-Marzooq et al.,
(2022) showed that smokers possess a specific oral environment with increased bacterial
load and decreased diversity (20). The noted loss of microbial diversity in smokers is
likely significant 2.08 = 0.27 vs 3.36 = 0.38, p < 0.001), indicative of ecological
imbalance (dysbiosis). These results are consistent with those of Shapiro et al., (2022),
who found smoking significantly changes the oral microbial ecosystem, highly favoring
anaerobic and pathogenic species. Dysbiosis leads to chronic inflammation and higher
susceptibility to oral diseases (8). Cytopathological evaluation showed that smokers had
marked epithelial changes characterized by increased nucleus size, N/C ratio and
cytological atypia. These results are in agreement with Brima et al., (2017) and Parmar et
al., (2020). They mentioned that tobacco exposure causes nuclear enlargement,
hyperchromasia, and raised N/C ratio (21,22). The increased N/C ratio was (0.20 £+ 0.03
and 0.13 + 0.02 in smokers and in non-smokers respectively (p < 0.001). This results
indicated the heightened cellular metabolic activity and early dysplastic changes.

The higher inflammatory cell count in smokers is also consistent with prior studies which
reported that cellular responses to tobacco smoke induces chronic inflammatory response
which can lead damaging effect on the epithelium leading to a progressive altering of oral
epithelium directed towards carcinogenesis (23-25). In the current study, there was a
higher mean number of inflammatory cell infiltration in smokers (38.5 + 6.4 cells/HPF),
when compared with non-smokers (16.8 = 4.1 cells/HPF; p <0.001), which concurs with
the role of inflammation as an important mediator for changes to oral health due to
tobacco consumption.

The smoking, dysbiotic-microbiome and epithelial transitions were confirmed using
population- based correlational analysis. The strong correlation between the smoking
duration and N/C ratio (r = 0.68, p < 0.001) suggests tobacco exposure-related epithelial
cells morphology defects accumulate over time. Similarly, the association between
duration of smoking and bacterial load (r = 0.66, p <0.001) is consistent with the theory
that showed the augment microbial colonization due to chronic smoking.

The correlation between bacterial load with the inflammatory cell count was strong (r =
0.69, p<0.001), the result of the current study indicated that changes in the oral microbial
population have contributed to the observed inflammatory response in the oral mucosa.
This conclusion is consistent with Hajishengallis, (2014) & zhoa et al., (2023)
suggestions that disrupted microbial populations acted as drivers of chronic inflammation
(26,27).

The N/C ratio, bacterial load, inflammatory cell count and frequency of atypical cells
were significantly higher in heavy smokers compared to light smokers. The dose—
response relationship is consistent with other studies. Vellappally et al., (2027) reported
that the severity of changes in oral tissues was correlated with the degree and duration of
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smoking (28). The increased incidence of cytological atypia was higher in heavy smokers
(45.5%) than in light smokers (22.2%) suggesting that some degree of epithelial dysplasia
occurs with progressive tobacco exposure as seen in the current study.

The results of the current study showed that the utilization of non-invasive oral swab
cytology offered a pragmatic and ethically acceptable approach to assess potential
epithelial changes among healthy individuals. This strategy could enable the detection of
subclinical changes before there is any need for invasive procedures in study participants.
This study has some limitations including; the relatively small sample size and restricted
age range which may limit the generalisation of the findings. Additionally, the cross-
sectional design precludes establishing a causal relationship between smoking, microbial
dysbiosis, and epithelial cytological alterations.

CONCLUSION

In conclusion, smokers have an altered diversity of the oral microbiome as compared to
non-smokers, higher bacterial load and changes were noted at epithelial cytology level
with an increased N/C ratio and inflammatory infiltration seen upon cytological
examination. These effects are dose-dependent, and also correlate with smoking duration.
The findings suggest that combined salivary microbial analysis and exfoliative cytology
may be useful non-invasive approaches for detecting early smoking-related oral
alterations before the development of clinically apparent lesions.
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