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KEYWORDS Abstract Aim: The potential links between periodontal disease and various cancers have drawn
Periodontal disease; more and more attention in recent years. The objective of the current study was to investigate
Squamous Cell Esophageal any potential associations between parameters of periodontal disease, the number of teeth lost,
Cancer; and the risk of developing squamous cell esophageal cancer in a representative adult sample.

Risk factors; Materials and Methods: The study sample included 178 healthy individuals with matched age
Adults and socioeconomic status as controls and 60 patients with the primary histological type of esopha-

geal cancer, Squamous Cell Esophageal Cancer. Data were collected from cases and controls on epi-
demiological factors like age, gender, smoking status, alcohol intake, socio-economic status, level of
education, and prior medical/dental history. The clinical data on periodontal health status was ob-
tained through a clinical examination. This data concerned Probing Pocket Depth (PPD), Clinical
Attachment Loss (CAL), the number of teeth lost, and the common risk factors for Squamous Cell
Esophageal Carcinoma. Additionally, univariate, and logistic regression models that were modified
for potential confounders were used to estimate unadjacent and adjacent odds ratios (ORs) and
95% confidence intervals (Cls).

Results: Lower socioeconomic status (p = 0.048) (OR = 1.882, 95% CI = 0.987-3.591), smok-
ing (p = 0.052) (OR = 1.768, 95% CI = 0.931-3.359), moderate and heavy alcohol abuse
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(p = 0.035) (OR = 1.880, 95% CI = 0.987 3.579), and irregular tooth brushing frequency
(p = 0.001) (OR = 0.326, 95% CI = 0.171-0.619) were indeed discovered to be significantly

linked.

Conclusion: Individuals with lower socio-economic status, smoking, moderate and heavy alcohol
consumption, and irregular tooth brushing frequency were significantly associated with Periodontal
diseases and Squamous Cell Esophageal Cancer.

© 2023 The Authors. Production and hosting by Elsevier B.V. on behalf of King Saud University This is
an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

Periodontal disease (PD), also known as gingivitis and primar-
ily chronic periodontitis, is a chronic, multifactorial inflamma-
tory condition that is partly responsible for tooth loss. It is
characterized by the gradual degeneration of the supportive
oral tissues and is caused by oral microorganisms (Tonetti
and Dyke, 2013). Recently, potential relationships between
PD and numerous systemic diseases and disorders have gar-
nered growing attention (Lockhart et al., 2012), all of which
may be related to systemic inflammation and infections
(Mawardi et al., 2015), including cancers (Fitzpatrick and
Katz, 2010). Growing evidence suggests that inflammation
plays a role in both periodontitis and cancer (Michaud et al.,
2008), and immune-inflammatory processes may play a role
in both conditions (Chung et al., 2016). In addition to oral tis-
sues, periodontal bacteria and their by-products associated
with chronic periodontitis can cause persistent systemic inflam-
mation (Amabile et al., 2008). Porphyromonas gingivalis and
Fusobacterium species have also been identified in esophageal
and colorectal carcinomas (Gao et al., 2016; Kostic et al.,
2012). These findings suggest that periodontal bacteria are in-
volved in carcinogenesis. The two predominant types of eso-
phageal malignancies are squamous cell esophageal cancer
(SCEC) and esophageal adenocarcinoma (EAC), accounting
for 90% and 10% of cases, respectively. The risk factors in-
clude male sex; age above 50 years; tobacco use; alcohol con-
sumption; lower levels of education and socio-economic status
(SES); thermal irritation from intake of hot beverages and
food; physical irritation due to tooth loss (poor oral hygiene);
carcinogens such as nitrosamines and poly-aromatic hydrocar-
bons; HPV 16 and 18 infections (Brown et al., 2001; Freedman
et al., 2007; Kamangar et al., 2009); and genetic susceptibilities
such as loci at PLCE1, C20orf54, ADHI1B, and ALDH2 (Cui
et al., 2009; Wang et al., 2010). Although studies have revealed
an elevated risk of SCEC in PD patients, they have significant
limitations, including insufficient sample sizes and correction
for potential confounders. Poor oral health, as demonstrated
by PD and tooth loss/decay, is a potentially significant and
controllable risk factor for changes in the oral microbiome,
which may support the development of esophageal cancer
(Marques et al., 2019). Numerous epidemiological studies have
examined oral health as measured by tooth loss, DMFT score,
periodontal health, and oral hygiene practices, including
brushing, as risk factors for SCEC (Abnet et al., 2001;
Brandilyn et al., 2017; Fitzpatrick and Katz, 2010; Lee et al.,
2014). However, prospective studies conducted in different
countries found no association. Our study aimed to evaluate
the potential contribution of PD indices and tooth loss rates
to the incidence of SCEC in an adult population.

2. Materials and Methods

2.1. Study population sample and design

After receiving approval from our institute’s ethics committee,
Lugansk State Medical University Committee, Ukraine, with
study trial no LSMU-CT 6523-893021, this control research
was carried out between April 2021 and September 2022 as
part of a retrospective study. The study sample was analyzed
using SCEC incidence, which was calculated with a 90% con-
fidence interval (CI) and relative precision of 50%, in accor-
dance with the criteria by (Hyman and Reid, 2003). The age
group was based on the recommendations of the World Health
Organization (Lwanga and Lemeshow, 1991) for calculating
PD incidence. The study sample comprised 147 men and 91
women with 178 healthy controls and 60 women with SCEC
aged 45-75 years.

2.2. Data collection

Data were collected from cases and controls were based on epi-
demiological factors such as age, sex, smoking status, alcohol
intake, SES, level of education, and prior medical/dental histo-
ry. The age categories included 45-50, 51-60, 61-70, and
71 + years; educational categories included elementary school
and university/college graduates; SES categories includ-
ed < 1,000 and > 1,000 €/month; smoking categories included
nonsmokers and former/current smokers; and alcohol con-
sumption categories included light drinking < 12.5 g of alco-
hol/day and moderate-to-heavy drinking > 50 g/day.

To establish the intra-examiner variance, an arbitrarily se-
lected sample of 48 (20%) participants was re-assessed clinical-
ly by the same dentist after 3 weeks, and no differences were
found between the first and second clinical evaluations (Co-
hen’s kappa = 0.95). During this period, oral hygiene instruc-
tions were not provided to the participants.

2.3. Periodontal status examination

The number of teeth present was determined using a standard
reference value of 28. This obtained number was then subtract-
ed from 28, in which revealed some lost or missing teeth. A
manual periodontal probe (UNC-15; Hu Friedy Mfg Co.
Inc., Chicago, IL, USA) was used to assess periodontal health
status at six sites (distobuccal, mid-buccal, mesiobuccal, mesi-
olingual, mid-lingual, and distolingual) on all teeth, excluding
the third molars. For each participant, the greatest probing
pocket depth (PPD) and clinical attachment loss (CAL) values
at six sites per tooth were recorded and coded as dichotomous
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variables. The PPD index was classified as 0—3 mm (absence of
disease/mild disease) and > 4 mm (moderate to severe disease)
(Cutress et al., 1987), while CAL severity was classified as
mild, 1-2 mm of attachment loss and moderate/severe, >3
mm of attachment loss (Wiebe and Putnins, 2000). Moreover,
tooth loss was categorized as none, 1-4, 5-10, and > 10 miss-
ing teeth (Yoon et al., 2019).

2.4. Statistical analysis

The greatest PPD and CAL values at the selected sites per
tooth for each participant and presence or absence of bleeding
on probing were noted and classified as dichotomous variables.
The distribution of missing teeth was labeled as 0, 1, 2, and 3
for 0, 1-4, 5-10, and > 10 missing teeth, respectively. Former
or current smokers, individuals with a high SES (monthly in-
come > 1,000 €), those with advanced degrees (graduated from
university or college), those who reported moderate-to-heavy
drinking (>50 g/day), and those with good oral hygiene
(brushing their teeth > 2 times/day) were all labeled as 1.
The age groups for those aged 45-50, 51-60, 61-70, and
71 + years were identified as 0, 1, 2, and 3, respectively.

The correlation between independent variables and SCEC
risk was evaluated using univariate analysis and chi-square
tests. The relationships between the dependent variable,
SCEC, and the independent variables discovered using the en-
ter technique were investigated using a multivariate regression
model. The 95% CI and unadjusted and adjusted odds ratios
(ORs) were also evaluated. To gradually estimate the indices
that exhibited significant relationships with the dependent vari-
able, independent variables were added to the stepwise proce-
dure. SPSS version 19.0 was used for statistical analysis and
p < 0.05 was considered statistically significant.

3. Results

The average age of the participants was 55.6 + 4.2 years. The
primary histological type was SCEC. Adenocarcinoma cases
were excluded from the study owing to their distinct etiologies.
Following the univariate analysis, Table 1 lists the epidemio-
logical factors of SCEC patients and controls. The odds for de-
veloping SCEC were significantly correlated with a higher SES
(p = 0.03) and irregular tooth brushing frequency (p = 0.000).

Table 1 also includes the unadjusted ORs and 95% CI for
each variable under consideration. Following the application

Table 1 Univariate analysis of cases and controls regarding each independent variable.
Variables Cases Controls p-value QOdds ratio and 95% confidence interval
Sex
Male 38 (63.3) 109 (61.2) 0.772 1.093 (0.597-2.003)
Female 22 (36.7) 69 (38.8)
Age (years)
45-50 7 (11.7) 22 (12.4)
51-60 16 (26.7) 47 (26.4) 0.986
61-70 25 (41.7) 77 (43.3)
71+ 12 (20.0) 32 (18.0)
Educational level
Low 24 (40.0) 91 (51.1) 0.136 0.637 (0.352-1.155)
High 36 (60.0) 87 (48.9)
Socioeconomic status
Low 19 (31.7) 85 (47.8) 0.030* 0.507 (0.273-0.941)
High 41 (68.3) 93 (52.2)
Smoking status
No 21 (35.0) 84 (47.2) 0.100 0.603 (0.329-1.105)
Yes 39 (65.0) 94 (52.8)
Tooth brushing frequency
< 1 time/day 42 (70.0) 78 (43.8) 0.000* 2.991 (1.599-5.597)
> 2 times/day 18 (30.0) 100 (56.2)
Alcohol consumption
< 12.5 g/day 20 (33.3) 82 (46.1) 0.085 0.585 (0.317-1.080)
> 50 g/day 40 (66.7) 96 (53.9)
Probing pocket depth
0-3.00 mm 28 (46.7) 86 (48.3) 0.825 0.936 (0.521-1.682)
> 4.0 mm 32 (53.3) 92 (51.7)
Clinical attachment loss
1.00-2.00 mm 24 (40.0) 93 (52.2) 0.101 0.609 (0.336-1.104)
> 3.0 mm 36 (60.0) 85 (47.8)
Tooth loss
None 6 (10.0) 16 (9.0)
1-4 teeth 8 (13.3) 37 (20.8) 0.645
5-10 teeth 28 (46.7) 78 (43.8)
> 10 teeth 18 (30.0) 47 (26.4)

* p-value statistically significant.
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of the first method (step 1a) of the logistic regression model, we
discovered that SCEC risk was significantly correlated with
SES (p = 0.053), smoking (p = 0.067), moderate-to-heavy
alcohol consumption (p = 0.051), and irregular tooth brush-
ing frequency (p = 0.001) (Table 2).

Table 2 also includes the unadjusted ORs and 95% CIs for
each variable. As shown in Table 2, in the final step of the mul-
tivariate regression analysis model (Wald method), there was a
significant relationship between the risk of SCEC and SES
(p = 0.048), smoking (p = 0.052), moderate-to-heavy alcohol
consumption (p = 0.035), and irregular tooth brushing fre-
quency (p = 0.001).

4. Discussion

Although the relationship between PD indices and cancer risk
has been studied for over 50 years, the results have not been
useful as indicators for cancer prevention strategies. Since ev-
idence suggests that people with PD are likely to develop ma-
lignancies of the head and neck, upper gastrointestinal tract,
pancreas, and lungs, there has been an increased research inter-
est for this association (Yin et al., 2016; Zeng et al., 2013,
2016). The results of this study demonstrate a strong relation-
ship between the risk of developing SCEC and poor SES,
smoking, moderate-to-heavy alcohol intake, and irregular
tooth brushing frequency. SCEC risk is increased by epidemi-
ological factors including male sex and poor education
(Kamangar et al., 2009; Nagel et al., 2007). The correlation be-
tween lower education level and SCEC risk was not confirmed
by our study or a large-scale Swedish case-control investiga-
tion (Jansson et al., 2005) since non-significant relationships
were noted. Furthermore, no correlation between male sex
and the risk of developing SCEC was found in our study.
Higher SES has been associated with a decreased likelihood
of developing SCEC (Jansson et al., 2005; Nagel et al., 2007),

which is consistent with the findings of our study. Smoking is a
significant risk factor for PD, and the bacterial microbiome of
PD patients varies between smokers and nonsmokers. The
microbiomes of smokers are less diverse and more likely to
contain organisms associated with PD (Bizzarro et al., 2013).
Tooth loss and poor periodontal health are associated with
an increased risk of SCEC (Abnet et al., 2001, 2008). Poor oral
health, as observed in PD and tooth loss/decay, is a potentially
significant and avoidable risk factor suggesting that changes in
the oral microbiome may aid in the development of esophageal
cancer. Numerous epidemiological studies have examined oral
health as a risk factor for SCEC characterized by tooth loss,
low DMFT score, poor periodontal health, and poor oral hy-
giene behaviors. Previous case-control and large-scale prospec-
tive cohort studies have frequently revealed a strong
correlation between tooth loss and the risk of developing
SCEC (Abnet et al., 2001, 2008). Our study found that regular
tooth brushing had a preventive effect against SCEC, as
demonstrated in other studies (Abnet et al., 2008; Chen
et al., 2017). Recent meta-analyses indicate an OR of 0.60
when comparing high versus low tooth brushing frequencies
(Chen et al., 2015) and an OR of 1.3-1.5 when comparing
the highest versus the lowest number of teeth lost (Chen
et al., 2015, 2016) for overall EC risk. When the study was lim-
ited to SCEC, the ratios were marginally lower for tooth loss
and higher for tooth brushing (Chen et al., 2015, 2016).

When studies were limited to EAC, the ratios for tooth loss
were slightly lower (Chen et al., 2015, 2016) and marginally
higher (Chen et al., 2015) than that of previous studies. Only
one study (Abnet et al., 2005) distinguished between the histo-
logical types of SCEC and EAC, because poor oral health may
have an impact on the histological subtypes. Therefore, the de-
tection of risk associations may have been limited. However,
the relative importance of poor oral health as a potential risk
factor for EC, especially SCEC, may differ between the high-
and low-incidence regions.

Table 2 Association between potential risk factors and BC according to the enter (first step 1a) and Wald (last step 12a) method of the

multivariate logistic regression analysis model.

Variables in the equation

95% CI for Exp (B)

Sex B S.E

Age group ,005 ,333
Socioeconomic status ,243 ,160

Educational level -,587 ,339

Step la Smoking status -,467 ,330
Alcohol consumption ,543 ,340

Tooth brushing frequency ,699 ,342

Probing pocket depth —1,188 ,345

Clinical attachment loss ,547 ,381

Tooth loss ,804 ,385

Constant ,343 ,196
Socioeconomic status 2,347 ,700

Smoking status -,633 ,330

Step 7 Alcohol consumption ,570 ,327
Tooth brushing frequency ,631 ,328

Constant —1,122 ,328

1,708 ,407

Wald df Sig Exp (B) Lower Upper
,000 1 ,988 1,005 ,523 1,931
2,287 1 ,131 ,785 ,573 1,074
3,000 1 ,063 1,798 ,926 3,494
2,009 1 ,156 1,595 ,836 3,043
2,558 1 ,067 1,722 ,885 3,351
4,182 1 ,051 2,011 1,029 3,929
11,874 1 ,001 ,305 ,155 ,599
2,058 1 ,151 ,579 274 1,222
2,370 1 ,037 1,134 1,051 2,747
3,059 1 ,080 1,409 ,959 2,069
11,247 1 ,001 ,096

3,685 1 ,048* 1,882 987 3,591
3,028 1 ,052%* 1,768 931 3,359
3,692 1 ,035% 1,880 987 3,579
11,713 1 ,001* ,326 ,171 ,619
17,581 1 ,000 ,181

* p-value statistically significant.
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This is the first study to directly analyze the relationship be-
tween these indices and SCEC risk. Periopathogens may play a
direct role in carcinogenesis. Among PD patients, periodontal
bacteria from the mouth cavity enter the bloodstream during
activities such as brushing, flossing, and biting (Van and
Winkelhoff, 2013). Although oral bacteria in the bloodstream
are quickly removed, there is still a significant cumulative ex-
posure to tissues (Tomas et al., 2013). Inflammation is another
potential mechanism through which PD may affect systemic
processes, such as esophageal carcinogenesis (Chan et al.,
2015). PD is the cause of chronic systemic inflammation, which
is characterized by elevated levels of C-reactive protein (Noack
et al., 2001), interleukin (IL)-1, IL-6, tumor necrosis factor-a,
and other biomarkers in the blood circulation, all of which can
influence carcinogenesis (Elinav et al., 2013).

Therefore, the human oral microbiome may play a role in
the development of SCEC (Ahn et al., 2012). The follow-up
of our study was thorough and the cohort was well described,
making it possible to investigate confounding factors and the
interplay of established risk variables to prevent secondary
biased relationships. Another essential finding is that PD
was diagnosed by oral clinical examination rather than by
self-reporting, eliminating any chance of exposure to misclas-
sified PD. Such incorrect classifications based on self-reported
data may result in an underestimation of the association
under investigation. The potential for confounding the risk
estimates due to new unidentified variables is a possible
restriction.

5. Conclusion

Lower SES, smoking, moderate-to-heavy alcohol consump-
tion, and irregular tooth brushing frequency were significantly
associated with PD and SCEC. Regular tooth brushing has a
protective effect against SCEC, as confirmed by our study.
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