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Introduction

Gastric cancer (GC) consists the fourth most common 
cancer worldwide by incidence, however, its rates have 
substantially decreased over the past century due to 
changes in environmental risk factors (1). Epidemiological 
observations suggest that H. pylori infection, heavy smoking, 
alcohol consumption, dietary habits and genetic factors 
play important roles in GC pathogenesis (2,3). Periodontal 
disease (PD), gingivitis and periodontitis affect many people 
in Greece (4), although recent studies have not been carried 
out.

A recent epidemiological research has linked periodontal 
pathogens to several  systemic diseases,  including 
cardiovascular disease, diabetes mellitus, respiratory disease, 
and systemic infections, associations possibly mediated 
through markers of systemic infection and inflammation (5). 
It has also been suggested a possible association between 
PD and cancer risk in different organs, most notably in the 
oral cavity, upper gastrointestinal system, lung, and pancreas 
(6-13). Poor oral health or hygiene, as indicators of  PD, are 
possible risk factors for cancer, and significant associations 
have been recorded in different organs (6,7,12,14) and 
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stomach, overall and by its anatomic subtypes that is cardia 
and non-cardia (9,15). Prospective epidemiological studies 
have recorded such associations between tooth loss, as 
another PD indicator, and the risk of gastric non-cardia 
adenocarcinoma (9,15-17). It has been hypothesized that 
PD increases the risk of gastric non-cardia adenocarcinoma 
through alterations in the oral bacterial flora and subsequent 
chronic systemic inflammation (9,15). However, to our 
knowledge no previous studies have objectively evaluated 
the role of PD in GC or precancerous lesions.

The aim of the current case-control study was to 
investigate the possible association between PD parameters 
and GC in a Greek adult population.

Methods

Study sample

The study sample consisted of 724 individuals (426 males 
and 298 females). Cases and controls, were selected from 
a private dental and two private medical practices, were 
filled in a health questionnaire and were undergone an oral 
clinical examination.

Patient selection criteria

GC patients (cases) and controls were recruited from the 
same population. They should have a mean of 20 natural 
teeth, since large numbers of missing teeth could lead to 
over- or under-estimate the PD variables and the possible 
associations that were under consideration.

Clinical criteria of established periodontitis (18), which 
referred to at least 2 teeth with clinical attachment loss 
(CAL) ≥6 mm and more than one site with probing pocket 
depth (PPD) ≥5 mm were used for selection of participants.

The participants should not have been received any 
periodontal treatment, conservative or surgical during the 
previous six months or prescription of anti-inflammatory or 
systemic antibiotics or other systemic drugs the previous six 
weeks (19).

In order to avoid as much as possible potential 
confounding influences on the study parameters, 
participants with acute gastric infections, cardiovascular 
diseases, diabetes mellitus, rheumatoid arthritis, immuno-
suppressed  patients because of haematological malignancy 
or recent transplantation and those who received treatment 
for the mentioned diseases, liver cirrhosis and concurrent 
medication with general glucocorticoids were excluded from 

the study. They also excluded patients with advanced GC 
under medical treatment, patients with gastric metastases of 
a primary focus at a different location, patients diagnosed 
with cardia-adenocarcinoma or other focuses in the region 
of head-neck-thorax-carcinogenesis field theory (20),  
and patients with prior gastric surgery, current use of 
anticoagulants, with active gastrointestinal bleeding and 
having had or suspected to have oesophageal varices. The 
mentioned conditions were determined because of potential 
effects on the oral and periodontal tissues. Hospital patients 
were not included or patients with several location of cancer 
in which smoking are considered as a proven risk factor 
such as larynx cancer, nasopharyngeal cancer, etc.

The variable ‘genetic predisposition’ was defined 
according to the relative risk of GC in cases in which 
was found to be elevated for all first-degree relatives, i.e., 
siblings and parents of the participants of the study (21). 
Previous H. pylori infection was detected by examination 
of the participants’ medical files. For this purpose a rapid 
gastric urease test kit (Lencomm Trade International®, 
Poland) was used in order to an individual to be considered 
positive for H pylori.

The patients’ group was consisted of individuals in 
which the diagnosis of non-cardia adenocarcinoma was 
set initially by a histological examination during the 
endoscopic procedure and they had been given instructions 
regarding their oral hygiene the after diagnosis and before 
the application  of any treatment method, such as surgery, 
radiotherapy or chemotherapy.

Controls group selection was carried out by the friendly 
and collegial environment of cases group in an effort to 
control potential confounders. Both groups, cases and 
controls, were matched referring to age, gender and 
smoking status (current/previous smokers and never 
smokers). Based on the observation that epidemiological 
studies have identified age, smoking history and gender 
as the main established risk factors for periodontitis as 
covariates (5), patients with GC and controls were matched 
for these criteria. For each GC patient, two controls with 
the same age (±3 years) and the same socio-economic status 
was selected. For ten of the 248 GC patients, it was not 
possible to find controls who matched the selected criteria.

The research was performed between January 2015 and 
March 2016.

Oral clinical examination

The participants, cases and controls were undergone an oral 
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clinical examination by a well-trained and calibrated dentist 
at the mentioned private practices. The clinical parameters 
that assessed were the following periodontal indices: 
gingival index (GI), PPD, CAL and bleeding on probing 
(BOP) were measured by a William’s 12 PCP probe (PCP 
10-SE, Hu-Friedy Mfg. Co. Inc., Chicago, IL, USA) at six 
sites (facial, lingual, disto-facial, mesio-facial, disto-lingual 
and mesio-lingual) for each tooth, except for the 3rd molars 
and the remaining roots. Gingivitis severity was classified 
as follows: score 0—normal situation of gingival tissue/mild 
inflammation, which corresponds to Löe and Silness (22)  
classification as score 0 and 1; score 1—moderate/severe 
inflammatory reaction, which corresponds to Löe and Silness (22)  
classification as score 2 and 3. The presence of PPD was 
classified as follows (23): score 0—moderate periodontal 
pockets, 4–6.0 mm; score 1—advanced periodontal pockets, 
>6.0 mm. CAL severity classified as follows (24): score 0—mild,  
1–2.0 mm of attachment loss; score 1—moderate/severe, 
≥3.0 mm of attachment loss. The estimation for PPD 
and CAL measurements concerned the immediate full 
millimetre. The presence/absence of BOP was classified 
as follows: score 0—absence of BOP; score 1—presence  
of BOP and recorded as positive if it was occurred within  
15 seconds of probing.

Questionnaire

Cases and controls were completed a self-administered 
questionnaire that included variables such as age, gender, 
smoking status (active, former/no-smokers), socio-economic 
and educational level and data regarding the medical history 
of them with reference to medication, several chronic 
systemic disorders and their dental follow-up frequency.

A randomly chosen sample of 145 (20%) individuals was 
re-examined clinically by the same dentist after 3 weeks 
in order to estimate the intra-examiner variance. After 
consideration of the code numbers of the double examined 
individuals no differences were recorded between the 1st and 
the 2nd clinical assessment (Cohen’s Kappa =0.97) whereas 
for the mentioned time period no oral hygiene instructions 
were given to the participants.

Ethical consideration

In Greece only experimental studies must be reviewed 
and approved by authorized committees (Greek Dental 
Associations, Ministry of Health, etc.). The current case-
control study was a retrospective non-experimental one. 

Individuals who agreed to participate in the present study 
signed an informed consent form.

Statistical analysis

The worst values of GI, PPD and CAL at the six sites per 
tooth and the presence/absence of BOP were recorded 
and classified as dichotomous variables for each case and 
control. Males participants were coded as 1, current and 
former smokers were coded as 1, individuals with a high 
socio-economic (income/monthly equivalent to or above 
€1,000) and educational level (graduated from University/
College) were coded as 0, individuals that reported a genetic 
predisposition for GC, history of previous histological 
diagnosis of H. pylori infection and a regular dental follow-up  
were coded as 1. Univariate analysis was performed to assess 
the association between the independent variables examined 
and the GC risk, separately, by using the chi-square test 
model. Multivariate regression analysis model was carried 
out to assess the associations between the dependent 
variable, GC, and independent ones that were determined 
by the enter method. Adjusted (odds ratios) OR’s and 95% 
CI were calculated as well. According to the last step of 
the model, the independent variables were included to 
stepwise method in order to assess gradually the variables 
that showed significant associations with the dependent 
one. For controlling the influence of possible con-founders, 
the statistical method Cohran’s and Mantel-Haenszel’s was 
carried out, in order to avoid possible biased secondary 
associations. Statistical analysis was performed using the 
statistical package of SPSS ver.17.0. A P value less than 5% 
(P<0.05) was considered to be statistically significant.

Results

The mean age of the cases and controls was 58.4±3.7 years. 
Table 1 presents univariate analysis of cases and controls 
regarding the examined variables. PPD, CAL, BOP, 
male gender and smoking were statistically significantly 
associated with GC risk. Table 1 also presents unadjusted 
OR’s and 95% CI. After performance of the first method 
(step 1a) of the regression model it was found that  male 
gender, smoking, previous H. pylori infection, genetic 
predisposition and CAL were significantly associated with 
GC risk (Table 2). Table 2 also presents adjusted OR’s with 
95% CI. The final method (step 9a) showed that smoking, 
previous H. pylori infection, genetic predisposition and 
CAL were significantly associated with GC risk. CAL was 
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Table 1 Univariate analysis of cases and controls according to each independent variable 

Variables Cases (No.) (%) Controls (No.) (%) P value Odds ratio (OR) 95% confidence interval (CI)

Gender 0.048* 1.78 1.00–3.18

Male 162 (65.3) 245 (51.4)

Female 86 (34.7) 231 (48.6)

Age (years) 0.947 – –

45–49 33 (13.3) 73 (15.3)

50–59 86 (34.7) 159 (33.3)

60–69 102 (41.3) 185 (38.9)

70–77 27 (10.7) 59 (12.5)

Smoking status 0.018* 1.99 1.12–3.55

Current/former smokers 162 (65.3) 231 (48.6)

Non-smokers 86 (34.7) 245 (51.4)

Socio-economic level 0.365 1.31 0.73–2.37

Low 169 (68.0) 294 (61.8)

High 79 (32.0) 182 (38.2)

Educational level 0.249 1.39 0.79–2.43

Low 132 (53.3) 215 (45.1)

High 116 (46.7) 261 (54.9)

Annual dental follow-up 0.313 1.34 0.76–2.39

<2 times or no/year 159 (64.0) 271 (56.9)

2 times/year 89 (36.0) 205 (43.1)

Previous H. pylori infection 0.060 1.73 0.97–3.07

Yes 159 (64.0) 241 (50.7)

No 89 (36.0) 235 (49.3)

Genetic predisposition 0.153 1.50 0.86–2.64

Yes 139 (56.0) 218 (45.8)

No 109 (44.0) 258 (54.2)

Gingival index (GI) 0.225 1.42 0.81–2.50

Moderate/severe gingivitis 149 (60.0) 245 (51.4)

No/mild gingivitis 99 (40.0) 231 (48.6)

Probing pocket depth (PPD) 0.011* 2.11 1.18–3.78

>6 mm 165 (66.7) 231 (48.6)

4–6 mm 83 (33.3) 245 (51.4)

Clinical attach loss (CAL) 0.011* 2.14 1.19–3.86

>3 mm 172 (69.3) 245 (51.4)

3 mm 76 (30.7) 231 (48.6)

Bleeding on probing (BOP) 0.112 1.59 0.90–2.82

Yes 159 (64.0) 251 (52.8)

No 89 (36.0) 225 (47.2)

*, P value: statistically significant.
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Table 3 Application of Cohran’s and Mantel-Haenszel’s, statistical 
method for controlling possible confounders

Variables Exp(B) 95% CI 

Clinical attachment loss

Smoking status

Non-smokers 3.813 0.983–6.518

Smokers 2.205 0.541–3.289

Previous H. pylori infection

No 2.978 0.713–4.252

Yes 6.362 2.144–13.148

CI, confidence interval.

Table 2 Presentation of correlation between independent variables and gastric cancer according to Enter (first step) and Wald (final step) method 
of multiple logistic regression analysis model

Variables B S.E. Wald df Sig. Exp(B)
95% CI for EXP(B)

Lower Upper

Step 1a

Gender 1.998 0.633 5.971 1 0.042* 1.730 0.833 3.596

Age 0.752 0.339 4.905 1 0.077 2.121 1.090 4.126

Smoking 1.084 0.700 2.400 1 0.021* 2.958 0.750 3.883

Socio-economic level 1.051 0.742 2.004 1 0.157 1.860 0.668 2.041

Educational level 1.712 0.769 2.435 1 0.121 1.032 0.382 2.084

Annual dental follow-up −1.011 0.877 4.001 1 0.081 1.995 0.897 2.596

Previous H. pylori infection 2.558 0.984 2.109 1 0.038* 3.747 1.823 6.711

Genetic predisposition 2.771 0.998 2.385 1 0.003* 4.546 2.149 8.251

Gingival index 0.127 0.733 1.130 1 0.263 1.135 0.270 2.036

Probing pocket depth 0.344 0.471 1.056 1 0.393 0.709 0.129 1.909

Clinical attachment loss 1.117 0.610 1.563 1 0.049* 1.864 0.833 2.056

Bleeding on probing 0.690 0.889 1.912 1 0.082 1.194 0.449 1.937

Constant 6.917 1.931 9.324 1 0.002 0.000

Step 9a

Smoking 1.688 0.532 1.675 1 0.006* 2.989 0.802 5.638

Previous H. pylori infection 2.568 0.637 3.746 1 0.000* 4.549 1.597 8.775

Genetic predisposition 3.564 1.012 2.385 1 0.000* 5.266 1.146 8.404

Clinical attachment loss 2.738 .510 1.563 1 0.040* 2.264 0.840 4.060

Constant 6.594 1.258 7.46 1 0.000 0.000

*P value: statistically significant. CI, confidence interval.

also significantly associated with CG risk after adjusting 
for confounders, such as smoking and previous H. pylori 
infection (Table 3).

Discussion

GC is the fourth most common cancer and second highest 
in mortality worldwide (1,25). Despite the fact that 
environmental and lifestyle factors are considered as risk 
factors of GC (26) they could only explain less than 60% of 
GC incidence (27).

The possible influence of male gender as a cancer risk 
factor is known (28-30), however it is considered as a 
confounder during statistical analysis. No association was 
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recorded between gender and GC risk, finding that was 
in accordance with those from previous reports (31,32). 
Similarly, age is considered as a confounder, although older 
individuals are in a higher risk for total cancer, GC (33), 
initiation and progression of PD (34). No association 
was found in the present study between age and GC risk, 
finding that was in agreement with those from previous 
investigations (31,32). Socioeconomic level is also a crucial 
confounder, however it has been proven its possible role as 
a GC risk factor (35,36) finding that was not confirmed by 
the current study.

It has been suggested that bacterial infections are 
linked with GC through the induction of gastric chronic 
inflammation (37). In the classic example H. pylori infection 
triggers a chronic inflammation and leads to gastric non-
cardia adenocarcinoma (38). Epidemiological reports (39,40) 
have shown that dental plaque and saliva are reservoirs for  
H .  pylori ,  whereas they also have found that deep 
periodontal pockets were positive for H. pylori (41) and that 
H. pylori was detected in more than 50% of patients with 
periodontitis who harboured H. pylori in their stomachs 
(42,43). On the other hand, conflicting reports exist in 
the literature regarding the presence of H. pylori in the 
oral cavity and its relation to its presence in the stomach 
(44,45). The present study recorded a significant association 
between previous H. pylori infection and CG risk.

Previous reports have not investigated the possible 
association between the role of educational level and GC 
risk, however it is supposed that high-educated individuals 
take care of their own oral hygiene more than low-educated 
ones (46,47). No association was recorded between 
educational level and GC risk in the current study.

Smoking is considered as a causal risk factor of 
total cancer, including GC (26) and is associated with 
adenocarcinoma, whereas it is still remaining unknown the 
reasons why only a small amount of smokers develop GC (27).  
The current report confirmed its role as a causal risk factor. 
On the other hand, smoking is considered as a risk factor 
for PD development and progression (48,49) and a proven 
confounder as well.

The nature of the genetic factors has not been well-studied  
and, outside of a few rare cancer syndromes, the genes 
involved have not been identified. Having a first-degree 
relative with GC is a consistent risk factor for GC, although 
the magnitude of the OR associated with a positive family 
history varies with the ethnic group and with the geographic 
region (2). The results of the current study confirmed such 
an association.

Epidemiological studies with various samples have 
investigated the possible associations of self-reported 
tooth loss or poor oral health/hygiene with the risk of GC 
and conflicting results were recorded (8,14-17,32,50-52).  
Those conflicting findings could be attributed to the 
methodological differences in the criteria used to define PD 
and oral health, differences in study sample populations, 
difficulties  in distinguishing gastric cardia and non-cardia 
cancers, differences in risk factors in high and low incidence 
areas, or chance findings (type I statistical bias).

Several mechanisms have been suggested to explain 
the possible association between oral health and upper 
gastrointestinal tract cancers which may be related to the 
local activation of carcinogens in tobacco, alcohol, or the 
diet, such as acetaldehyde (53) or nitrosamines (9), or based 
on carcinogenesis field theory (20). Poor oral health can also 
increase the production of the mentioned products (54). The 
use of oral antiseptics (e.g., chlorhexidine) decreases salivary 
nitrosation (55) and may also reduce the production of other 
metabolites. Alterations of dietary pattern, such as decreased 
fruits and vegetable intake secondary to tooth loss (56) may 
also predispose to oral and upper gastrointestinal cancers.

BOP was not significantly associated with GC risk, 
although in a similar case-control study (32) a positive 
association was observed between BOP and gastric 
precancerous lesions, independent of other risk and 
confounding factors. BOP is considered as an objective 
indicator for detecting gingival inflammation (57) and is 
associated with active gingivitis and periodontitis.

A growing body of epidemiological and  laboratory 
evidence has emerged showing that longstanding 
inflammation promotes tumour development, growth 
and progression. This finding suggests that chronic 
inflammation is a risk or prerequisite factor for the 
development of a number of human malignancies, including 
liver, colon, stomach, lung carcinomas, etc. (58).

Several oral pathogens have been related to chronic 
systemic inflammation (59), which has been associated 
with increased risk of GC due to increased secretion of 
interleukins 1a and 1b (Il-1a, Il-1b), tumour necrosis factor-
alpha (TNF-a) and C-reactive protein (CRP) levels (60-64).

No association was found between PPD and GC risk. 
Similar reports have not been carried out, whereas the 
majority of the available studies were prospective and based 
on questionnaires and self-reported data.

CAL, which estimates the severity of PD (24) and 
higher CAL with time is the best single indication that 
periodontitis has probably recurred (65), was found to be 
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significantly associated with GC risk. This observation 
suggests that chronic inflammation, as PD, could be a risk 
or a prerequisite factor for the development of a number of 
human malignancies, as already has mentioned.

Several potential limitations should also be noted. First, 
the time sequence of oral health conditions, behaviours 
and GC lesions cannot be directly addressed in the current 
study.

However, it is not likely that subjects reported their 
oral health behaviours differently according to their 
disease status, as the disease status was determined based 
on biopsy findings previously to the interview. Second, 
although we cannot exclude the possibility of potential 
selection bias, it is not likely that cases with severe PD 
preferentially volunteered to be included in the study, since 
the issues examined were not known by the participants and 
participants were unaware of their PD status at the time of 
recruitment and oral health examination. Another practical 
problem is the accuracy definition of PD which is essential 
to establish on reliable and reproductive indices (66).

It is important to highlight that the decision on including 
older individuals who have at least 20 remaining natural 
teeth, may lead to an under-estimation of older individuals 
with previous PD and who may have had teeth extracted for 
periodontal reasons. In addition, it is essential to be noticed 
that there was not any chance of benchmarking between the 
findings of the current study with those of similar previous 
studies, whereas on the other hand the present study was a 
first attempt to approach that possible correlation in Greece.

Conclusions

In conclusion, CAL as an index for PD severity and the 
known risk factors such as smoking, previous H. pylori 
infection, and genetic predisposition were statistically 
significantly associated with the risk of GC development.
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