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INTRODUCTION 
Periodontal Disease (PD), gingivitis and mainly chronic 
periodontitis, is a chronic multifactorial inflammatory disease 
partially  responsible for tooth loss, is characterized by  the 
progressive destruction of the tooth-supporting tissues and 
caused by oral microorganisms.[1]

Recently, increasing interest has been focused on the 
possibility of associations between PD and various systemic 
diseases and disorders [2,3] all of which may be  attributed  to 
systemic infection and inflammation [4], including cancer[5,6] 
Accumulating evidence suggests an hypothesized role of 
immune-inflammatory mechanisms and the potential role 
of inflammation in both periodontitis and cancer [7] that  
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95% CI= 0.987-3.579), and  irregular  tooth   brushing frequency   (p=0.001) (OR= 0.326, 95%   CI= 0.171-0.619), were  sig-
nificantly   associated  with Squamous Cell Esophageal  Cancer. Conclusion: Individuals  with lower socio-economic status, 
smoking, moderate and heavy alcohol consumption, and  irregular tooth  brushing frequency were significantly associated with 
Squamous Cell Esophageal Cancer.
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may  be common to  both PD and cancer.[8,9] Local  chronic 
inflammation has been linked with cancers in several 
regions[10] especially those affecting the gastro-intestinal 
tract, such as the associations between gastric  reflux disease  
with esophageal cancer[11], H. pylori ulcers with gastric  
cancer [12,13], inflammatory bowel disease with  colon cancer, 
[14] and  chronic pancreatitis with pancreatic cancer.[15,16] 
The periodontal bacteria and their by-products associated 
with chronic periodontitis can result in chronic systemic  
inflammation[17,18] not only at the oral tissue but even at 
distant regions.[19] Moreover, two crucial periopathogens, 
Porphyromonas  gingivalis and  the  Fusobacterium  species, 
have  been  revealed  in   esophageal   or  colorectal   carcinomas.
[20,21] These observations suggested that these periodontal  
bacteria may contribute to the tumorigenesis of the mentioned 
cancers.

There are two  main  types   of    esophageal  malignancies, 
Squamous  Cell  Esophageal  Cancer (SCEC), 90%  of 
cases and  Esophageal Adenocarcinoma  (EAC),10%. The  
most  important risk  factors  for  SCEC  are  male gender, 
age  over 50, tobacco  smoking  and  drinking  of  alcoholic 
beverages, lower education  level and  socio-economic  status, 
low intake of fruits and vegetables  and  associated   marginal  
deficiencies  in  vitamins, thermal  irritation from consumption 
of  hot beverages, and food, physical irritation due to loss of 
teeth (poor oral hygiene), carcinogens, e.g., nitrosamines, 
polyaromatic  hydrocarbons, HPV 16  and  18 infection   [22-27] 
, and  genetic susceptibility, e.g., loci at  PLCE1, C20orf54, 
ADH1B  and ALDH2.  [28-30]

Previous and recent reports have observed an increased 
risk of SCEC among individuals with PD however, notable 
limitations of  those  included  inadequate  sample sizes and  
inadequate adjustment for  potential confounders. Poor oral  
health, indicated  by  PD  and   tooth loss/decay, is a potentially 
important and preventable risk factor that implicates alterations 
in the oral microbiome that may contribute to carcinogenesis 
in the  esophagus. [31]

Oral health assessed by tooth  loss, DMFT score, periodontal  
health, and  oral hygiene practices as tooth brushing  has been 
examined as  a risk factor  for SCEC  in many epidemiologic 
studies.[5,32-50] A positive  association between tooth loss and 
SCEC risk has been recorded repeatedly  in both case-control 
and  large-scale  prospective  cohort  studies  conducted.[33, 35, 

36, 39-51]  Regular tooth brushing has been observed  to  have  a  
protective  effect  against SCEC in several studies.[35,41-43,47,50]  
PD has also been associated with an increase in  overall EC 
risk for both histological types, SCEC and EAC. [51,52]

In contrast, there have also been some reports recording 
no associations between poor oral health and EC risk. No 
associations have  been revealed in prospective studies  carried  

out in several countries. In some of the mentioned studies 
the  researches did  not distinguish between both histological 
types.[7,34,53-57]

The current research aimed to  assess  the possible role of PD 
indices/number of tooth loss in the development of CESC in a 
Greek adult population.

MATERIALS AND METHODS
Study Population Sample and Design
A retrospective case - control research was carried out between 
April  2019 and September 2021. 

According to Hyman  et  al. criteria[58], the study sample was  
assessed considering the SCEC incidence[59], determined  with 
90% Confidence Interval and relative precision 50.0%, whereas 
the age group was based on the World Health  Organization  
(WHO)  recommendations[60,61] for  assessing PD incidence.

The study sample consisted of 147 males and  91 females. The 
current investigation was carried out on 60 individuals females 
with SCEC - cases and 178 healthy individuals controls, aged 
45 to 75. 

Inclusion/Exclusion Criteria of Cases and Controls  
Individuals who had  less than 20 natural teeth, were  undergone  
a surgical  or  conservative PD treatment within  the previous  
six months, had  received a systemic antibiotics or anti-
inflammatory or other systemic drugs, such as glucocorticoids 
the previous six weeks were excluded from the study protocol 
as  those conditions  could  influence [62]  the  oral  tissues 
status, and may lead to biased secondary associations.

Advanced SCEC patients under medical treatment,  
metastases of a primary focus  at a different region, and those  
diagnosed  in other  focuses  in the  head-neck-thorax  location 
(carcinogenesis field theory[63] ), were excluded from the study 
protocol. Hospital patients were also excluded. The case  group  
consisted of  individuals whose  the  primary diagnosis of  
SCEC was based on patients’ medical  files with a definitive 
diagnosis based on histopathological examination of the 
intra-operatively removed tumor or its parts, using traditional  
histological, cytologic  and histo chemical methods. 

The determination of control group was based on the friendly 
and collegial environment of cases group in an effort to  
control potential  confounders  such as age, smoking, socio-
economic level.

Questionnaire
Cases and controls responded to a modified Minnesota 
Dental School Medical Questionnaire[64], that contained 
epidemiological parameters such as age, gender, smoking 
status, alcohol consumption, socio-economic and education  
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status, and past medical/dental history. Individuals’age was 
classified as 45-50,51-60,61-70,71+, educational status as 
elementary level and graduated from  University/College, 
socio-economic status as ≤ 1,000 and  >1,000  €/month, 
smoking status as  never smokers  and   former/current 
smokers, alcohol  consumption  as  light ≤ 12.5 gr per day of 
alcohol and moderate and heavy drinking >50 gr per day.[65]

For establishment of  the intraexaminer  variance a randomly 
chosen sample of 48 (20%) individuals were re-examined 
clinically by the same dentist after  three weeks, and no 
differences were recorded between  the 1st and the 2nd clinical 
assessment  (Cohen’s Kappa = 0.95). During this time period 
no oral hygiene instructions were given to the participants.

Periodontal status examination
A standard number of  28 teeth was used as a reference and 
assessed the existed number of teeth, and then minus the 
number  of existed  teeth from 28 teeth, and the outcome was 
defined as some lost teeth or missing teeth.

Periodontal health status were measured at six sites in all teeth 
(disto-buccal, mid-buccal,  mesio buccal, mesio-lingual, mid-
lingual  and  disto-lingual), excluding   third   molars, and   
remaining roots using a manual  periodontal  probe  (UNC-15; 
Hu Friedy Mfg. Co. Inc., Chicago, IL USA).

For each individual, the worst values of  PPD and CAL on 
six sites per tooth  were recorded and coded as dichotomous 
variables.Probing Pocket  Depth  (PPD)  index  was  classified  
as  0-3.00  mm  (absence  of   disease/mild disease) and  ≥ 
4.0 mm (moderate and severe disease) for mean PPD [66], 
attachment loss (CAL) severity was classified  as  mild, 1-2.0 
mm of  attachment loss  and moderate/severe, ≥3.0 mm of 
attachment loss [67], and tooth loss as none, 1-4, 5-10, >10 
missing teeth. [68] 

Ethical Consideration
The present retrospective study as a non-experimental one 
was not reviewed and approved by authorized committees 
(Ministry of Health, etc.). In Greece only experimental studies 
must be approved by those Authorities. An informed consent 
form was obtained by the individuals who agreed to participate 
in the current study protocol.

Statistical Analysis:
For each individual, the worst values of PPD and CAL on 
six sites per tooth and the presence/ absence of BOP were 
recorded and coded as dichotomous variables. 

The distribution of missing teeth was coded as 0,1,2, and 
3  for  number of  missing teeth none-0, 1-4,5-10,and >10, 
respectively. Previous/current smokers, high socio-economic 
(income/monthly ≥1,000 €) and educational (graduated from 
University/College) level individuals, individuals that reported   

moderate  and  heavy  drinking  ( >50 gr  per day), and  those 
with regular oral hygiene (brushing ≥ 2 times per day) were 
coded as 1. Age groups distribution  was coded  as  0,1,2 and 
3 for ages 45-50, 51-60, 61-70 and 71+ respectively.

Univariate analysis model was applied to examine the 
relationship between the  independent variables examined and 
SCEC risk, separately, by using  chi-square  test. Multivariate 
regression model was carried out  to examine the associations 
between the  dependent variable, SCEC, and independent 
ones   that were  determined by  the  enter  method. Unadjusted 
and Adjusted Odds  Ratios (OR’s) and  95%  CI were also 
assessed. Finally, the independent variables were included to 
stepwise method in order to estimate gradually the indices 
that showed significant associations with the dependent  one. 
Statistical  analysis was  carried out using the SPSS ver.19.0 
package. A p-value of less than 5%  (p< 0.05)  was considered  
significant for all statistical test conducted.

RESULTS
The mean age of the sample was 55.6 ± 4.2 years. The main 
histological type was SCEC, as in the study protocol were not 
included the Adenocarcinoma cases as its etiology differs. The 
epidemiological variables of SCEC patients and controls after 
carrying out the univariate analysis are presented in Table 1. 
Higher socioeconomic status (p= 0.03), and irregular tooth-
brushing frequency (p= 0.000) were statistically significantly 
associated with risk for SCEC development. Table 1 also 
shows Unadjusted Odds  Ratio  and  95%  Confidence Interval 
(CI) for each variable examined.

After performance of the first method (step 1a) of the logistic 
regression model  was found that socioeconomic status (p= 
0.053), smoking (p= 0.067), moderate and heavy alcohol 
consumption(p= 0.051), and irregular tooth  brushing  frequency 
(p= 0.001) were significantly associated with SCEC risk 
(Table 2). Table 2 also shows Unadjusted Odds Ratio and 95% 
CI for each variable examined. The final step  of multivariate  
regression analysis model (Wald method)  is  presented  in 
Table 2, socio-economic  status  (p=0.048), smoking  (p= 
0.052), moderate  and heavy alcohol consumption (p=0.035), 
and   irregular  tooth  brushing  frequency  (p=0.001) were  
significantly associated with SCEC risk.
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Variables Cases Controls p-value     Odds Ratio and 95% Confidence Interval
Gender 
                         Males
                        Females

  38(63.3)
  22(36.7)

109(61.2)
  69(38.8) 0.772 1.093(0.597-2.003)

Age 
                            45-50
                            51-60
                            61-70
                               71+

    7 (11.7)
  16 (26.7)
  25 (41.7)
  12 (20.0)

  22 (12.4)
  47 (26.4)
  77 (43.3)
  32 (18.0)

0.986
 
         _______

Educational level              
                                 Low
                                High 

  24(40.0)
  36 (60.0)

  91 (51.1)       
  87 (48.9) 0.136 0.637 (0.352-1.155)

S/economic level              
                                 Low 
                                High      

  19 (31.7)
  41 (68.3)

  85 (47.8)
  93 (52.2) 0.030* 0.507 (0.273-0.941)

Smoking status                
                                   No
                                  Yes

  21 (35.0)
  39 (65.0)

  84 (47.2)
  94 (52.8) 0.100 0.603 (0.329-1.105)

Tooth brushing frequency
                            <1 times/day
                            ≥2 times/day

  42 (70.0)
  18 (30.0)

  78 (43.8)
100 (56.2) 0.000* 2.991 (1.599-5.597)

Alcohol consumption
                     <12.5 grams/day
                     >50    grams/day

  20 (33.3)
  40 (66.7)

  82 (46.1)
  96 (53.9) 0.085 0.585 (0.317-1.080)

Probing pocket depth
                       0-3.00 mm
                         ≥ 4.0 mm

  28 (46.7)
  32 (53.3)

  86 (48.3)
  92 (51.7) 0.825 0.936 (0.521-1.682)

Clin. Attachment Loss
                     1.00-2.00 mm
                         ≥ 3.0 mm   

  24 (40.0)
  36 (60.0)

  93 (52.2)
  85 (47.8) 0.101 0.609 (0.336-1.104)

Tooth Loss
                             None
                          1-4 teeth
                        5-10 teeth
                        > 10 teeth

 
    6 (10.0)
    8 (13.3)
  28 (46.7)
  18 (30.0)

  16 (9.0)
  37 (20.8)
  78 (43.8)
  47 (26.4)

0.645          ________

Table 1. Univariate analysis of cases and controls regarding each independent variable 

* p-value statistically significant              
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DISCUSSION
The association between PD indices and cancer risk has been 
explored  for more than 50 years, however, findings to date  
have little  practical value as indices for prevention policies. 
Recently, an increasing interest exists in exploring the 
mentioned association, as there is evidence that PD patients 
were at increased risk of cancers in the head and neck location, 
upper gastrointestinal system, pancreas and lung. [5,12,15,69-72]

Esophageal cancer (EC)  is  the sixth   leading  cause  
of  cancer  death worldwide, in  most cases concerns the 
squamous epithelia of  the  middle and  lower thirds of  the 
esophagus and therefore named ESCC, whereas  Esophageal  
Adenocarcinoma  (EAC), derived  from islands of columnar 
cells  near the gastro-esophageal junction. The mentioned 
histological types of EC are apparently caused by different 
etiological factors.[73]

As mentioned  the most important risk  factors  for  SCEC 
are male gender, age  over 50, tobacco smoking and drinking 
of alcoholic beverages, low intake of fruits and vegetables  
and  associated marginal deficiencies  in  vitamins, thermal  
irritation  from  consumption of  hot  beverages, and food, 
physical irritation due to loss of  teeth  (poor oral hygiene), 
carcinogens, e.g., nitrosamines, polyaromatic hydrocarbons, 

HPV 16  and  18  infection in  some cases [22-27], and genetic 
susceptibility, e.g., loci at PLCE1, C20orf54, ADH1B and 
ALDH2. [28-30]

The current  study  showed that low Socio-economic Status 
(SES), smoking, moderate and heavy alcohol consumption, 
and   irregular tooth brushing frequency were significantly 
associated with risk of developing SCEC. 

Epidemiological variables such as  male gender, and lower 
educational  level increase the risk of SCEC. [22,24,74-78]  The  
current report  and  a  nationwide  Swedish  case-control study 
[79]  did not confirm  the association between  lower education  
level  and SCEC risk, as non-significant associations were  
recorded. Moreover, no  association  was found  between  male  
gender and risk of developing SCEC in the present report. 

Individuals of higher SES have  been associated with a lower 
risk for developing SCEC [24,74-79]  , finding that was in line with 
the outcomes of the current research. Smoking is a known  
carcinogenesis  risk  factor  and  can  affect  SCEC  risk. 
[22-26]  The current  research showed  a  marginally significant  
association  between  smoking and SCEC risk. Moreover, 
smoking is a   major risk  factor  for  PD  [80] , and   the  bacterial 
microbiota in PD  patients differs between smokers and non-
smokers. [81,82]   Smokers’ microbiomes have less diversity, and 

Variables in the Equation

B S.E. Wald df Sig. Exp(B)
95% C.I.for EXP(B)

Lower Upper

Step 1a

gander ,005 ,333 ,000 1 ,988 1,005 ,523 1,931
age.group ,243 ,160 2,287 1 ,131 ,785 ,573 1,074
socioecon.stat -,587 ,339 3,000 1 ,063 1,798 ,926 3,494
educ.level -,467 ,330 2,009 1 ,156 1,595 ,836 3,043
smok.status ,543 ,340 2,558 1 ,067 1,722 ,885 3,351
alcoh.consum ,699 ,342 4,182 1 ,051 2,011 1,029 3,929
toothbr.frequency -1,188 ,345 11,874 1 ,001 ,305 ,155 ,599
prob.pock.dep ,547 ,381 2,058 1 ,151 ,579 ,274 1,222
clin.att.loss ,804 ,385 2,370 1 ,037 1,134 1,051 2,747
tooth.loss ,343 ,196 3,059 1 ,080 1,409 ,959 2,069
Constant 2,347 ,700 11,247 1 ,001 ,096

Step 7
a

socioecon.stat -,633 ,330 3,685 1 ,048* 1,882 ,987 3,591
smok.status ,570 ,327 3,028 1 ,052* 1,768 ,931 3,359
alcoh.consum ,631 ,328 3,692 1 ,035* 1,880 ,987 3,579
toothbr.frequency -1,122 ,328 11,713 1 ,001* ,326 ,171 ,619
Constant 1,708 ,407 17,581 1 ,000 ,181

Table 2. Presentation of association between potentially  risk  factors  and  BC according to Enter(first step-1a) and Wald (last 
step 12a) method of multivariate logistic regression analysis model

* p-value statistically significant              
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higher prevalence of species that associated with periodontal 
pathogenesis.[81,83] Moreover, lower humoral immune response 
in  both  current  and  former smokers compared to never 
smokers has been recorded. [84]

Alcohol consumption  is  associated  with a modest increase  
in  SCEC risk. This association has been consistently found 
in  case-control and cohort studies, reducing  the probability 
that it could be attributed to selection  or  information 
biases. Extensive epidemiological studies have found  such 
an association [22-24,26] , finding that is in accordance with the 
results of the current study.

The association between PD and cancer risk has  been  
investigated  over  the years. [5,7,85]  Moreover, useful  aspects  
have been  provided  on  the  role of  PD  treatment  in  reducing  
the risk of different types of cancers. [86]

Accumulating evidence suggests an hypothesized role 
of immune-inflammatory mechanisms and the potential 
role  of  inflammation  in both periodontitis and  cancer. [7] 
The periodontal bacteria and their by-products associated 
with chronic periodontitis can result in chronic systemic 
inflammation [17,18] not only at the oral tissue but even at distant 
regions. [19]

Previous and recent reports have observed an increased 
risk of SCEC among individuals with PD however, notable 
limitations of  those  included  inadequate  sample sizes and  
inadequate adjustment for  potential confounders. [32-34] 

Poor periodontal conditions and  tooth  loss are also associated 
with  an  increased risk of SCEC.[5,33,35-38]  Poor oral  health, 
indicated by PD and tooth loss/decay, is a potentially important 
and preventable risk factor  that  implicates alterations  in 
the  oral microbiome that may contribute to esophagus 
carcinogenesis. Poor oral hygiene has been also identified as 
one of the factors suggested for examination, with high priority 
for an upcoming IARC Monographs on the identification  of 
carcinogenic hazards to humans. [31]

Oral health evaluated  by tooth  loss, DMFT score, periodontal 
health, and oral hygiene practices as tooth brushing, has been  
examined as a SCEC risk factor in many epidemiologic 
studies. A positive association between  tooth loss  and  SCEC  
risk  has  been  found frequently in previous case-control and   
large-scale prospective cohort studies. [33,35,36,39-46]

Regular tooth  brushing  has been  shown to have a protective 
effect against SCEC in various studies [35,41-43] , finding that 
confirmed by the current research. 

Recent  meta-analyses  suggest an  odds  ratio  (OR) of  1.3  
to 1.5 comparing  the  highest versus lowest number of teeth 
lost [47-49]  and an OR of around 0.60 when comparing high- 

versus low frequency of tooth brushing [47,50]  for  overall EC  
risk. The assessments were slightly weaker for tooth loss 
[47,48] and slightly stronger for  tooth brushing [47] when  the  
analysis was restricted to ESCC. PD has also been associated 
with  an  increase  in  overall  EC risk, without histological 
discrimination. [51,52]

In contrast, prospective studies carried out   in several countries 
[34,53-57], and  one  among  male health  professionals in the  US  
[7], have reported  no associations between poor  oral health and 
SCEC risk. Only in one study the researchers distinguished 
the histological types  [53], SCEC and EAC, and  this may  lead 
to suspension of  detecting  risk associations since poor oral 
health may have definite  effects on the mentioned histologic 
subtypes.

The reasons for the mentioned  inconsistent  findings  remain  
unclear, however it is possible that the  relative significance of 
poor oral  health as a potential risk  factor  for  EC, especially 
SCEC, may vary  between  high-incidence and lower incidence 
regions.

It is important to  highlight that  no significant  associations  
were  observed between PD indices, PPD/CAL and tooth loss 
as an indirect index, and the risk of SCEC development. In 
addition the current study was the first that directly examined 
the mentioned indices with the SCEC risk. 

Several potential mechanisms have been suggested to  
explain  the association between PD andSCEC. It is possible 
that periopathogens directly implicated in carcinogenesis. 
Periodontal bacteria from the oral cavity enter the  blood 
circulation following activities including tooth brushing, 
flossing and chewing, particularly among PD patients.[87]  
Despite the fact that circulating oral bacteria are rapidly 
cleared, a considerable cumulative exposure to tissues has 
been detected. [88] 

Another  potential mechanism  is inflammation  that could  be  
attributed to the PD influencing systemic processes  including  
esophageal carcinogenesis. [89] PD  is  responsible for  triggering 
a chronic systemic inflammation that is characterized by  
increased  levels of C-reactive protein (C-rp) [90], IL-1β, 
IL-6, TNF-α, matrix metalloproteinase (MMP) and other 
biomarkers in blood circulation [19] with a potential  impact  on 
carcinogenesis. [91]  In  addition, bacterial   metabolites produced  
in oral cavity containing nitrosamines and acetaldehyde could 
have a systemic impact on carcinogenesis. [92]  Poor  oral  health 
could  produce  in higher concentrations drastic carcinogens, 
nitrosamines [53] which are driven by nitrate-reducing bacteria, 
in the oral cavity. [93] 

Oral bacteria could  have  adverse  effects  on human health, 
by producing bacterial toxins which could disrupt the normal 
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cell cycle and cell growth. [94] It is possible that common risk 
factors such as smoking, alcohol, inflammation, oxidative 
stress or shared genetic factors  may contribute to host 
susceptibility to both SCEC and PD. [95-97]

Despite the fact that  oral bacteria are directly  implicated  in 
PD development, which often leads to tooth loss, and dental 
caries and that the existing epidemiologic data  indicates  that  
there may be an association between oral  health  and  EC,  
the underlying mechanism for this association is still not  
understood. Consequently, it  has been  hypothesized  that  the  
human oral  microbiome may also be  implicated in SCEC 
etiology. [98]

Study  strengths  and  limitations should  be  taken  into  
account in interpretation of the observed outcomes. Strengths 
of the study are the completeness of follow-up, the well-
characterized cohort that it was possible to examine both 
confounding  and  interaction by  known risk factors, in order 
to  avoid  secondary  biased  associations. Another  crucial 
issue is PD  determination by oral clinical examination 
and not by self-report, thus no possible misclassification of  
exposure to PD exists. Such misclassification based on  self-
reported  information may lead to the under estimation of the 
association examined.

A potential limitation is the possibility of confounding  in  
estimates of risk caused by additional unknown confounders. 

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

REFERENCES
Tonetti  MS, Van  Dyke  TE. Working group 1 of  the joint  EFP/1.  
AAP workshop Periodontitis and atherosclerotic cardiovascular 
disease: consensus report of  the  Joint EFP/AAP Workshop 
on Periodontitis and Systemic Diseases. J Periodontol 
2013;84(suppl):S24-9.
Lockhart   PB, Bolger   AF, Papapanou   PN, Osinbowale  2.  
O, Trevisan  M, Levison  ME, et al.Periodontal disease and 
atherosclerotic vascular disease: does the evidence support an 
independent  association?: A  scientific  statement  from  the  
American  Heart Association. Circulation 2012;125:2520-44.
Pihlstrom  BL, Michalowicz  BS, Johnson  NW. Periodontal  3.  
diseases. Lancet 2005;366:1809-20.
Mawardi  HH, Elbadawi  LS, Sonis ST. Current  understanding   4.  
of   the  relationship  between  periodontal and systemic diseases. 
Saudi Med J  2015; 36:150-8. 
Fitzpatrick  SG, Katz  J. The association  between  periodontal  5.  

disease and cancer: a review of the literature. J Dent 2010; 38: 
83-95.
Meyer  MS, Joshipura K, Giovannucci E, Michaud DS. A review  6.  
of  the  relationship between tooth  loss, periodontal disease, and 
cancer. Cancer Causes Control 2008;19:895-907
Michaud  DS, Liu Y, Meyer  M, Giovannucci  E, Joshipura  7.  
K. Periodontal disease, tooth loss, and cancer risk in  male  
health  professionals: a  prospective cohort study. Lancet Oncol 
2008;9:550–8.
Chung   SD, Tsai   MC, Huang   CC, Kao   LT, Chen   CH. A  8.  
population-based  study  on  the associations between chronic 
periodontitis and the risk of cancer. Int J Clin Oncol 2016; 
21(2):219-23. 
Dizdar  O, Hayran  M, Guven  DC, Yilmaz  TB, Taheri  S, Akman  9.  
AC, et al. Increased cancer risk in  patients  with periodontitis. 
Curr Med Res  Opin  2017;33(12): 2195-200.
Coussens LM, Werb Z. Inflammation and cancer. Nature  10.  
2002;420: 860-7.
Cooper  GS, Kou  TD, Chak  A. Receipt  of   previous diagnoses 11.  
and endoscopy and outcome from esophageal adenocarcinoma: 
a  population based study with temporal trends. Am J Ga-
stroenterol 2009;104:1356-62.
Yin XH, Wang  YD, Luo  H, Zhao K, Huang  GL, Luo SY, et al. 12.  
Association between   tooth loss  and  gastric cancer: a  meta-
analysis  of   observational  studies. PLoS  ONE  2016; 11:e 
0149653. 
Polk   DB, Peek   RM Jr. Helicobacter  pylori: gastric  cancer  13.  
and  beyond. Nat  Rev  Cancer 2010;10:403-14.
Velayos F. Colon  cancer   surveillance  in   inflammatory bowel 14.  
disease patients: current and  emerging practices. Expert Rev 
Gastroenterol Hepatol  2008;2:817-25.
Maisonneuve  P, Amar   S, Lowenfels   AB. Periodontal  disease, 15.  
edentulism, and  pancreatic cancer: a meta-analysis. Ann Oncol   
2017; 28:985-95. 
Raimondi S, Lowenfels AB, Morselli-Labate AM, Maisonneuve 16.  
P, Pezzilli R.Pancreatic cancer in   chronic  pancreastitis; 
aetiology, incidence, and  early  detection. Best  Pract Res  Clin 
Gastroenterol 2010; 24:349-58
Amabile  N, Susini  G, Pettenati-Soubayroux I, Bonello L, Gil 17.  
J-M , Arques S , et al. Severity of periodontal disease correlates 
to inflammatory systemic status and  independently  predicts 
the presence and angiographic extent of stable  coronary  artery  
disease. J Intern Med 2008; 263: 644-52.
Loos BG. Systemic markers of  inflammation in periodontitis. J 18.  
Periodontol 2005;76 (suppl): 2106-15.
Hayashi  C, Gudin  CV, Gibson  FC 3rd, Genco  CA. Pathogen-19.  
induced inflammation at sites distant from oral infection: 
bacterial persistence and induction of cell-specific innate immune 
inflammatory pathways. Mol Oral Microbiol 2010;25:305-16.
Kostic  AD, Gevers  D, Pedamallu CS, Michaud M, Duke 20.  
F, Earl, AM, et al. Genomic analysis identifies association 
of  Fusobacterium with colorectal carcinoma. Genome Res 
2012;22: 292-8.



16 Journal of CliniCal researCh in Dentistry   •   Vol 4   •   issue 1   •   2022

Nikolaos Andreas Chrysanthakopoulos et al : Periodontal Indices and Risk of Esophageal Cancer

Gao  S, Li  S, Ma  Z, Liang S, Shan T, Zhang M, et al. Presence of 21.  
Porphyromonas gingivalis in esophagus  and its  association with  
the  clinicopathological characteristics and survival in patients 
with esophageal cancer. Infect Agent Cancer  2016;11:3.
Kamangar  F, Chow WH, Abnet  CC, Dawsey SM: Environmental 22.  
causes of esophageal cancer. Gastroenterol Clin North Am  
2009;38:27-57, vii.
Freedman ND, Abnet CC, Leitzmann MF, Mouw  T, Subar AF, 23.  
Hollenbeck AR,et al: A  prospective study of tobacco, alcohol, 
and the risk of esophageal and gastric cancer subtypes. Am J 
Epidemiol 2007;165: 1424-33.
Brown LM, Hoover R, Silverman D, Baris D, Hayes R, Swanson 24.  
GM, et al: Excess incidence of squamous cell esophageal cancer 
among US Black  men: role of social class and other risk factors. 
Am J Epidemiol 2001;153:114-22.
Yang  CS: Nitrosamines and  other  etiological  factors  in  25.  
the  esophageal cancer in northern China; in  Magee  PN (ed): 
Banbury Report 12: Nitrosamines and Human Cancer. New 
York, Cold Spring Harbor Laboratory, 1982, pp 487-501.
Boffetta P, Hashibe M: Alcohol and cancer. Lancet Oncol  26.  
2006;7:149-56.
Freedman  ND, Park Y, Subar  AF, Hollenbeck  AR, Leitzmann 27.  
MF, Schatzkin A, et al: Fruit and vegetable  intake and  
esophageal cancer in a large prospective cohort study. Int J 
Cancer 2007;121:2753-60.
Cui  R, Kamatani   Y, Takahashi   A, Usami  M, Hosono  N, 28.  
Kawaguchi  T, et  al: Functional variants in ADH1B and ALDH2  
coupled with  alcohol and  smoking synergistically  enhance 
esophageal cancer risk. Gastroenterology 2009;137:1768-75.
Wang LD, Zhou  FY, Li  XM, Sun LD, Song X, Jin Y, et al: 29.  
Genome-wide  association study of esophageal squamous cell 
carcinoma in Chinese subjects identifies a susceptibility locus 
at PLCE1. Nat  Genet 2010;42:759-63.
Lin  DC, Hao JJ, Nagata Y, Xu L, Shang L, Meng X, et al: 30.  
Genomic and molecular characterization of esophageal 
squamous cell carcinoma. Nat Genet 2014;46:467-73.
Marques MM, Berrington de  Gonzalez  A, Beland FA, Browne 31.  
P, Demers PA, Lachenmeier DW, et al. Advisory  Group 
recommendations on priorities for the IARC Monographs. 
Lancet  Oncol 2019; 20: 763-4. 
Brandilyn  AP, Jing  W, Zhiheng  P, Liying  Y, Mark   PP, Neal 32.  
DF,  et al. Oral  Microbiome Composition Reflects  Prospective  
Risk  for  Esophageal Cancers. Cancer Res  2017; 77(23): 6777-
87.
Abnet CC,  Qiao YL, Mark  SD,  Dong  ZW, Taylor  PR,  33.  
Dawsey  SM. Prospective  study  of  tooth loss and incident 
esophageal and gastric cancers in China. Cancer Causes Control  
2001; 12(9):847-54.
Lee Y-L, Hu  H-Y, Yang  N-P, Chou  P, Chu  D. Dental  34.  
Prophylaxis Decreases  the  Risk  of Esophageal Cancer in 
Males; A Nationwide  Population-Based  Study  in Taiwan. 
PLoS ONE  2014; 9(10): e109444. 
Abnet  CC, Kamangar  F, Islami  F, Nasrollahzadeh  D, Brennan  35.  

P, Aghcheli K,  et al. Tooth Loss and  Lack of Regular  Oral 
Hygiene  Are Associated   with  Higher  Risk of  Esophageal 
Squamous Cell Carcinoma. Cancer Epidemiol Biomark Prev 
2008; 17: 3062-68. 
Guha  N, Boffetta  P, Wunsch  Filho V, Eluf   Neto  J, Shangina 36.  
Zaridze D, Curado MP, et al. Oral health and risk of squamous 
cell carcinoma of  the head and neck and esophagus: results 
of two multicentric case-control studies. Am J Epidemiol 2007; 
166: 1159-73.
Sepehr A, Kamangar F, Fahimi S, Saidi F, Abnet CC, Dawsey 37.  
SM.  Poor oral health as a risk factor for esophageal squamous 
dysplasia in northeastern Iran. Anticancer Res 2005;25:543-6.
Islami F, Kamangar F, Nasrollahzadeh D, Moller H, Boffetta P, 38.  
Malekzadeh R.  Oesophageal cancer in  Golestan  Province, a 
high-incidence  area  in northern Iran - a review. Eur J Cancer 
2009; 45: 3156-65.
Zhang S, Yu P, Wang  J, Fan J, Qiao Y, Taylor PR. Association 39.  
between tooth loss and upper gastrointestinal  cancer: A  30-
year follow-up of the Linxian Dysplasia Nutrition Intervention 
Trial Cohort. Thorac Cancer 2019; 10: 966-74. 
Yano  Y, Fan  JH, Dawsey SM, Qiao YL, Abnet CC. A long-40.  
term follow-up analysis of associations  between  tooth  loss 
and  multiple cancers  in the Linxian General Population cohort. 
J Natl Cancer Cent 2021; 1: 39-43. 
Chen X, Yuan Z, Lu M, Zhang Y, Jin L, Ye W. Poor oral health is 41.  
associated with an  increased risk of  esophageal  squamous  cell  
carcinoma-A population-based  case-control study  in China. Int 
J Cancer 2017; 140: 626-35. 
Dar NA, Islami F, Bhat GA, Shah IA, Makhdoomi MA, Iqbal B, 42.  
et al. Poor  oral hygiene and risk of esophageal squamous cell 
carcinoma in Kashmir. Br J Cancer 2013; 109: 1367-72. 
Yano Y, Abnet  CC, Poustchi H, Roshandel G, Pourshams A, 43.  
Islami F, et al. Oral Health and Risk of Upper Gastrointestinal 
Cancers in a Large Prospective Study from a High-risk Region: 
Golestan Cohort Study. Cancer Prev Res 2021; 14: 709-18. 
Patel K, Wakhisi J, Mining  S, Mwangi A,  Patel  R. Esophageal 44.  
Cancer, the Topmost Cancer at MTRH  in the  Rift  Valley, 
Kenya, and Its Potential Risk Factors. ISRN Oncol 2013; 
2013:1-9. 
Menya  D, Maina  SK, Kibosia  C, Kigen  N, Oduor  M, Some  F, 45.  
et al. Dental  fluorosis  and oral health in the African Esophageal 
Cancer  Corridor: Findings from the  Kenya ESCCAPE  case-
control  study  and  a pan-African perspective. Int J Cancer 
2019; 145: 99-109.
Hiraki  A, Matsuo K, Suzuki  T, Kawase  T, Tajima  K. Teeth  46.  
Loss and Risk of Cancer at 14 Common Sites in Japanese. 
Cancer Epidemiol Biomark Prev 2008; 17: 1222-7. 
Chen H, Nie S, Zhu Y, Lu  M. Teeth loss, teeth brushing and 47.  
esophageal carcinoma: A systematic review and meta-analysis. 
Sci Rep 2015; 5: 15203.
Chen  QL, Zeng 48.    XT, Luo  ZX, Duan XL, Qin, J, Leng WD. 
Tooth loss is associated with increased risk  of  esophageal 
cancer: Evidence from  a meta-analysis  with  dose-response 



17Journal of CliniCal researCh in Dentistry   •   Vol 4   •   issue 1   •   2022

Nikolaos Andreas Chrysanthakopoulos et al : Periodontal Indices and Risk of Esophageal Cancer

analysis. Sci Rep 2016; 6: 18900. 
Wang Y, Peng  J, Li  Y, Luo H, Huang  G, Luo S, et al. Association 49.  
between  tooth  loss  and  risk of oesophageal cancer: A dose-
response meta-analysis. Springerplus 2016; 5: 1020.
Wu  H, Zhang  J, Zhou  B. Toothbrushing frequency and gastric 50.  
and upper aerodigestive tract cancer risk: A meta-analysis. Eur 
J Clin Investig 2021; 51: e13478. 
Nwizu  NN, Marshall  JR, Moysich  K, Genco RJ,  Hovey KM,  51.  
Mai X, et al. Periodontal Disease and Incident Cancer Risk 
among  Postmenopausal Women: Results  from the Women’s 
Health Initiative Observational Cohort. Cancer Epidemiol 
Biomark Prev 2017; 26: 1255-65. 
Michaud  DS, Kelsey  KT, Papathanasiou E, Genco CA, 52.  
Giovannucci E. Periodontal  disease and risk of  all cancers 
among male never smokers: An updated analysis of the Health 
Professionals Follow-up Study. Ann Oncol 2016; 27: 941-7. 
Abnet CC, Kamangar F, Dawsey SM, Stolzenberg-Solomon 53.  
RZ, Albanes D, et al. Tooth loss is associated with increased risk 
of gastric non-cardia  adenocarcinoma in a cohort of Finnish 
smokers. Scand J Gastroenterol 2005; 40: 681-7. 
Heikkilä P, But A, Sorsa T, Haukka J. Periodontitis and  cancer 54.  
mortality: Register-based cohort study of 68,273 adults in10-
year follow-up. Int J Cancer 2018; 142: 2244-53. 
Lee K, Lee  JS, Kim  J, Lee H, Chang Y, Woo HG, et al. Oral 55.  
health and gastrointestinal cancer: A nationwide cohort study. J  
Clin Periodontol 2020; 47: 796-808. 
Jordão  HW, McKenna  G, McMenamin  ÚC, Kunzmann  56.  
AT, Murray LJ, Coleman HG. The association between self  
reported  poor oral health and gastrointestinal cancer risk in 
the  UK Biobank: A  large prospective cohort study. United Eur 
Gastroenterol J 2019; 7: 1241-9. 
Chou  SH, Tung YC, Wu  LS, Chang  CJ, Kung  S, Chu PH. 57.  
Severity of chronic periodontitis and risk of gastrointestinal 
cancers. Medicine 2018; 97: e11386. 
Hyman  JJ, Reid   BC. Epidemiologic  risk   factors   for  58.  
periodontal  attachment  loss among adults  in the United States. 
J Clin Periodontol 2003;30(3):230-7.
International  Agency for Research on Cancer .The Global 59.  
Cancer Observatory, March 2021, WHO  https://gco.iarc.fr/
today/data/factsheets/populations/300-greece-fact-sheets.pdf
World   Health  Organization. Oral  health   surveys: basic  60.  
methods. Geneva:  World   Health Organization; 1997. https://
apps.who.int/iris/bitstream/handle/10665/41905/9241544937. 
pdf? sequence=1&isAllowed=y
Lwanga  SK, Lemeshow S, World  Health  Organization. Sample 61.  
size determination in health studies: a practical manual. World 
Health Organization; 1991. 
Machuca  G, Segura-Egea  JJ, Jimenez-Beato  G, Lacalle  JR, 62.  
Bullón P. Clinical indicators of  periodontal disease in patients 
with coronary heart disease: A10 years longitudinal study. Med 
Oral Patol Oral Cir Bucal 2012; 17:e569-74.
Rubin  H. Fields and  field  cancerization: the  preneoplastic  63.  
origins of cancer: asymptomatic hyperplastic fields are 
precursors of neoplasia, and their progression to tumors can be 

tracked by saturation density in culture. Bio Essays  2011; 33: 
224-31.
Molloy  J, Wolff  LF, Lopez-Guzman  A, Hodges  JS. The  64.  
association of periodontal disease parameters with  systemic  
medical  conditions  and tobacco use. J Clin Periodontol  
2004;31:625-32.
Bagnardi V, Rota M, Botteri E, Tramacere I, Islami F, Fedirko 65.  
V, et al. Alcohol consumption and site-specific  cancer  risk: a  
comprehensive  dose-response   meta-analysis. Br  J  Cancer 
2015; 112(3): 580-93.
Cutress TW, Ainamo J, Sardo-Infrri  J. The community 66.  
periodontal index of treatment  needs (CPITN) procedure for 
population groups and individuals. Int Dent J 1987; 37(4):222-
33.
Wiebe CB, Putnins EE. The periodontal disease classification 67.  
system of the American academy of periodontology an update. 
J Can Dent Assoc  2000; 66:594-7.
Yoon  HS, Wen W, Long  J, Zheng  W, Blot  WJ, Cai Q. 68.  
Association of oral health with lung cancer risk in a low-income 
population of African Americans and European Americans in 
the Southeastern United States. Lung  Cancer 2019;127:90-5.
Zeng XT, Deng AP, Li C, Xia LY, Niu YM, Leng WD. Periodontal 69.  
disease and risk of  head and neck cancer: a meta-analysis of 
observational studies. PLoS ONE 2013;  8:e79017. 
Zeng XT, Xia LY, Zhang YG, Li S, Leng WD, Kwong JS. 70.  
Periodontal  disease  and  incident lung cancer risk: a meta-
analysis of cohort studies. J Periodontol  2016; 87:1158-64. 
Ahn J, Segers S, Hayes RB. Periodontal  disease, Porphyromonas  71.  
gingivalis serum  antibody levels and orodigestive cancer 
mortality. Carcinogenesis 2012; 33:1055-8. 
Linden   GJ, Lyons   A, Scannapieco  FA . Periodontal  systemic  72.  
associations: review  of  the evidence. J Clin Periodontol  2013; 
84:S8-19. 
Siegel RL, Miller KD, Jemal A: Cancer statistics, 2015. CA 73.  
Cancer J Clin 2015;65:5-29
Nagel  G, Linseisen J, Boshuizen HC, Pera  G, Del  Giudice  74.  
G, et  al. Socioeconomic  position  and the  risk of gastric  and 
oesophageal cancer  in the European Prospective Investigation 
into  Cancer and Nutrition (EPIC-EURGAST). Int J Epidemiol 
2007;36: 66-76.
Ferraroni  M, Negri  E, La Vecchia C, D’Avanzo B, Franceschi S. 75.  
Socioeconomic indicators, tobacco and  alcohol in  the aetiology  
of  digestive tract neoplasms. Int J Epidemiol 1989;18: 556-62. 
Islami  F, Kamangar  F, Nasrollahzadeh  D, Aghcheli  K, 76.  
Sotoudeh  M, Abedi-Ardekani B, et al. Socio-economic  status  
and  oesophageal  cancer: results  from  a  population  based 
case-control  study in a high- risk area. Int J Epidemiol 2009;38: 
978-88.
Pukkala  E, Teppo  L. Socioeconomic  status  and  education  as  77.  
risk  determinants of gastrointestinal cancer. Prev Med 1986;15: 
127-38.
Spadea T, D’Errico A, Demaria M, Faggiano  F, Pasian  S, 78.  
Zanetti R, et  al. Educational  inequalities in  cancer incidence 
in Turin, Italy. Eur J Cancer Prev 2009;18: 169-78.



18 Journal of CliniCal researCh in Dentistry   •   Vol 4   •   issue 1   •   2022

Nikolaos Andreas Chrysanthakopoulos et al : Periodontal Indices and Risk of Esophageal Cancer

Jansson C, Johansson AL, Nyren O, Lagergren J. Socioeconomic 79.  
factors  and  risk of esophageal adenocarcinoma: a   nationwide  
Swedish case-control study. Cancer Epidemiol Biomarkers  
Prev 2005;14: 1754-61.
US  Department  of   Health  and Human Services. A Report of 80.  
the Surgeon General. Atlanta, GA: U.S. Department  of   Health  
and   Human  Services, Centers  for  Disease  Control  and 
Prevention, National   Center  for  Chronic  Disease Prevention 
and Health Promotion, Office on Smoking and Health; 2004. 
The Health Consequences of Smoking.
Bizzarro  S, Loos  BG, Laine  ML, Crielaard  W, Zaura  E. 81.  
Subgingival  microbiome  in smokers and   non-smokers  in   
periodontitis: an   exploratory   study  using  traditional   targeted 
techniques and a next-generation sequencing. J Clin Periodontol 
2013; 40:483-92. 
van  Winkelhoff  AJ, Bosch-Tijhof  CJ, Winkel  EG, can  der  82.  
Reijden WA. Smoking  affects the subgingival microflora in 
periodontitis. J Periodontol 2001;72:666-71.
Shchipkova AY, Nagaraja  HN, Kumar  PS. Subgingival  83.  
microbial  profiles of smokers with periodontitis. J Dent Res  
2010; 89:1246-53.
Michaud  D, Izard   J, Rubin  Z, Johansson   I, Weiderpass E, 84.  
Tjonneland A, et  al. Life-style, dietary factors  and  antibody 
levels to  oral bacteria in cancer-free participants in a European 
cohort study. Cancer Causes Control 2013;24:1901-9.
Sledziewski TK, Glinska K. Pro-inflammatory cytokines in  85.  
periodontal  diseases and certain systemic disorders. Przegl Lek 
2015; 72:354-7.
Hwang  IM, Sun LM, Lin  CL, Lee CF, Kao CH. Periodontal  86.  
disease  with treatment reduces subsequent cancer risks. QJM 
2014; 107:805-12.
Van Dyke  TE, van  Winkelhoff  AJ. Infection and  inflammatory  87.  
mechanisms. J Periodontol 2013; 84:S1–S7. 
Tomas  I, Diz  P, Tobias  A, Scully  C, Donos  N. Periodontal   88.  
health  status and bacteraemia  from  daily   oral   activities: 
systematic   review/meta-analysis. J  Clin  Periodontol 2013; 
39: 213028.

Chan   DS, Bandera  EV, Greenwood DC, Norat T. Circulating 89.  
c-reactive  protein  and breast cancer  risk-systematic  literature  
review and meta-analysis of prospective cohort studies. Ca 
Epidemiol Biomarkers Prev 2015; (10):1439-49. 
Noack B, Genco RJ, Trevisan M, Gross  S, Zambon  JJ, De  90.  
Nardin E. Periodontal  infections contribute to elevated systemic 
C-reactive protein level. J Periodontol 2001;72:1221-7.
Elinav  E, Nowarski  R, Thaiss  CA, Hu  B, Jin C, Flavell  RA. 91.  
Inflammation-induced cancer: crosstalk between  tumours, 
immune  cells  and   microorganisms. Nat  Rev Cancer 2013; 
13:759-71. 
Schwabe RF, Jobin C. The microbiome and cancer. Nat Rev 92.  
Cancer 2013; 13:800-812.
Nair J, Ohshima H, Nair UJ, Bartsch H. Endogenous formation 93.  
of nitrosamines and oxidative DNA-damaging agents in tobacco 
usersCrit Rev Toxicol 1996;26(2):149-61. 
Whitmore SE, Lamont RJ. Oral bacteria and cancer. PLoS 94.  
Pathog  2014;10(3):e1003933.
Soory  M. Oxidative  stress induced   mechanisms  in  the   95.  
progression of periodontal disease and cancer: a common 
approach to redox homeostasis? Cancers 2010; 2:670-92. 
Miricescu D, Greabu M, Totan A, Mohora  M, Didilescu  A, 96.  
Mitrea  N, et al. Oxidative stress a possible link between 
systemic and oral diseases. Farmacia  2011; 59:329-37.
Bartold  PM, Van Dyke  TE. Periodontitis: a   host-mediated  97.  
disruption of microbial homeostasis. Unlearning learned 
concepts. Periodontol 2000 2013; 62:203-18.
Ahn  J, Chen  CY, Hayes  RB. Oral  microbiome  and   oral   and  98.  
gastrointestinal cancer risk. Cancer Causes Control 2012; 23: 
399-404.

How to cite this article: Chrysanthakopoulos N A,Vryzaki 
E, Karkoulias K. Periodontal Disease, Tooth Loss, and 
Squamous Cell Esophageal Cancer : A Case–Control 
Study. J Clin Res Dent 2022;4(1):09-18.
DOI: 10.33309/2639-8281.040104


