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Purpose: There has been growing interest in the association between periodontitis and 
systemic disease. In recent years, however, inconsistent results have also been found by 
case–control studies for the role of periodontitis in the development of oral cancer. This 
study aimed to examine whether periodontitis was an independent risk factor for oral cancer 
with a ≥75-year age group cohort.
Materials and Methods: Between January 2010 and December 2014, 1385 patients aged 
≥75 years who underwent radiographic examination were included in this retrospective 
cohort study. We collected demographic information and comorbid health conditions from 
local health authorities. Participants were followed up until either the occurrence of mortal-
ity, or the end of the study on December 31, 2018. Cox proportional hazards regression and 
competing risk hazard models were used to examine the association between periodontitis 
and oral cancer mortality.
Results: Periodontitis and loss of teeth were significantly associated with oral cancer mortal-
ity. Compared to oral cancer mortality in healthy subjects, the HR and 95% CI in patients with 
mild, moderate, and severe periodontitis were 4.46 (0.94–21.06), 5.16 (1.14–23.39), and 6.65 
(1.51–29.36), respectively. The HR (95% CI) was 1.05 (1.01–1.09) for tooth loss after 
controlling for potential confounding factors. All the increases in risk persisted in patients 
aged ≥80 years.
Conclusion: The present study provides substantial evidence that poor periodontal health is 
associated with oral cancer mortality. It is necessary to underline the importance of con-
sidering periodontitis in the prevention of oral cancer, particularly in the older patients.
Keywords: periodontitis, alveolar bone loss, tooth loss, oral cancer, prevention

Introduction
Oral cancer is a common malignant tumor in the head and neck region, and 
oropharyngeal cancer ranks sixth among all malignant tumors worldwide. In 
some high-incidence areas, new cases of oral cancer account for 25% of malignant 
tumors in males every year.1 The treatment of oral cancer often leads to the loss of 
important functions, including loss of clarity of speech, dysphagia, eating disorders, 
and changes in facial appearance, which has a serious impact on the quality of life 
of patients.2 Therefore, the prevention of oral cancer is particularly important.

Periodontal disease (PD) is a common and destructive disease of the oral cavity, 
which can lead to tooth loss. The development of PD is a complex process that 
occurs over a long period of time due to bacterial infection and inflammation, 
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subsequently involving periodontal fibers and alveolar 
bone, the supporting structures of teeth.3 Some studies 
have suggested that PD independently contributed to 
increased malondialdehyde (MAA) and asymmetric 
dimethylarginine (ADMA) levels in saliva and serum.4,5 

The increase of MAA and ADMA levels are associated 
with endothelial carotid damage in patients with athero-
sclerosis and are independent risk factors for cardiovascu-
lar disease mortality.6,7 The presence of PD was also found 
to negatively influence serum vitamin D levels.8 The vita-
min D receptor presents in the cells of the immune system 
can protect the endothelium of periodontal tissues and by 
reducing the production of B and T lymphocytes which are 
released following the insult of periodontopathogenic 
bacteria.9,10

Poor oral health or hygiene, as indicators of PD, has 
been found to be risk factor, independent from other sig-
nificant risk factors including smoking and alcohol con-
sumption, in cancer development.11–16 In particular, the 
severity and prevalence of periodontitis have been found 
to be increased in patients with oral cancer in recent 
years.17,18 However, to date, the role of PD in the devel-
opment of oral cancer is still controversial. Additionally, 
almost all the existing studies were case control studies, 
information on the above association is limited from other 
study design.19–22

We conducted a retrospective cohort study in a cohort 
of ≥75-year age to examine the relationship between per-
iodontitis and oral cancer mortality. The null hypothesis of 
the current study was that periodontitis is an independent 
risk factor for oral cancer mortality in older patients.

Methods
From January 1, 2010 to December 31, 2014, a total of 
30,169 permanent residents aged ≥75 years received period-
ontal treatment at Shanghai Ninth People’s Hospital, the 
largest dental hospital in Shanghai. We inquired about the 
imaging data on a case-by-case basis to obtain the objective 
oral health status of the patients. Finally, 1385 patients who 
underwent panoramic radiography were included in our 
cohort. All the patients in our study were followed up 
until December 31, 2018. Subjects were censored at the 
end of follow-up or mortality from other causes other than 
oral cancer.

In the current study, measurements of alveolar bone 
loss were made from the cementoenamel junction to the 
tooth apex (total root length) and from the marginal bone 
crest to the tooth apex (total bone height). The proportion 

of the remaining bone height of the teeth was calculated 
from the total root length and total bone height. 
Participants were subsequently allocated to four groups 
based on the quartile of the above proportion: healthy 
(≥51% remaining bone), mild periodontitis (43% to 51% 
remaining bone), moderate periodontitis (26–43% remain-
ing bone), and severe periodontitis (<26% remaining 
bone). Dentures (complete/partial) and complete implant 
bridge, in either jaw were not included under the scope of 
the residual teeth. The maximum number of teeth was 28 
as the third molars were excluded.

Demographic and mortality information for the sub-
jects in our cohort was updated at annual intervals from 
the electronic health records and mortality database in 
Shanghai Municipal Center for Disease Control and 
Prevention, which covers all the fixed population in 
Shanghai. We also collected the comorbid health condi-
tions from the Shanghai Health Information Center, 
where outpatient, hospital admission and discharge 
records for all the hospitals in Shanghai are stored. All 
the diseases were coded using the International 
Classification of Diseases, Revision 10 (ICD 10). We 
defined “oral cancer” mortality as codes C00-08 (except 
C05.1, C05.2, and C01) as the underlying causes of death 
on the death certificate. Body mass index (BMI) was 
calculated as weight (in kilograms) divided by stature 
(in meters) squared (kg/m2). Subjects with a BMI <25 
were classified as normal and those with a BMI ≥25 were 
classified as overweight. The education levels of the 
participants were categorized into the following cate-
gories: ≤6 years, 7–12 years, and university studies. 
Smoking status in our study was defined as nonsmoker, 
previous smoker, and current smoker. Drinking status was 
defined as never drink, drink sometimes and drink 
every day.

Statistical Analysis
The relevance of alveolar bone loss and tooth loss to the risk of 
oral cancer mortality was first fitted with a univariate 
Cox proportional hazards model. We then constructed 
a multivariable-adjusted model to control for the confounding 
effect of potential risk factors, including age, sex, BMI, educa-
tion level, smoking, drinking, and the presence of 
comorbidities.

We also fitted competing risk hazard models based on 
Fine and Gray to identify risk factors for the cumulative 
incidence of specific events in the presence of competing 
risks. In these models, oral cancer mortality was set as the 
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primary event of interest, and death from another cause 
was treated as a competing event.

All the reported P values in this study are based on 
two-sided tests at α=0.05. The analysis was performed 
using R, version 3.4.3 (R Development Core Team 2010).

This study was approved by the Ethics Committee of 
the Shanghai Ninth People’s Hospital (SH9H-2019-T36-2) 
and conducted in accordance with the Declaration of 
Helsinki. The patient data was maintained with confidenti-
ality. Informed consent was exempted from the retrospec-
tive collection of patients’ information.

Results
A total of 1385 subjects were followed up in this study. 
Among them, 40 patients died of oral cancer, while 317 
cases died of other causes. Table 1 summarizes the base-
line characteristics of all the participants and provides 
some indication regarding the factors that might be con-
founding factors in the main analysis. Subjects who died 
of oral cancer suffer from more severe alveolar bone loss 
and more missing teeth than survivors and subjects who 
died of other diseases. Additionally, subjects who died of 
oral cancer were more likely to be men, smokers and less 
educated, and less likely to have a history of hypertension 
and diabetes.

In this study, PD was defined by the alveolar bone 
loss, which was predictive of PD assessed using radio-
graphs. Furthermore, there was a significant association 
between PD and oral cancer. Compared to oral cancer 
mortality in healthy subjects, the HR and 95% CI in 
patients with mild, moderate, and severe periodontitis 
were 4.46 (0.94–21.06), 5.16 (1.14–23.39), and 6.65 
(1.51–29.36), respectively. Also, HR (95% CI) for 
the trend of alveolar bone loss was found to be 1.55 
(1.12–2.14). Positive and substantial associations were 
also found between tooth loss and PD. The HR (95% 
CI) was 1.05 (1.01–1.09) after controlling for potential 
confounding factors (Table 2).

We fitted competing risk hazard models to further 
examine the impact of PD on oral cancer mortality. As 
shown in Table 3, both alveolar bone loss and tooth 
loss were found to be associated with oral cancer 
mortality. The HR (95% CI) for alveolar bone 
loss and tooth loss was 1.47 (1.12–1.92) and 1.04 
(1.00–1.08) respectively.

We performed a stratified analysis to detect possible 
susceptible subgroups for oral cancer mortality in the 
case of PD exposure. We found that alveolar bone loss 

significantly increased the risk of oral cancer death in 
subjects aged 80 years and above. The analysis of the 
impact of missing teeth also showed that missing teeth 
were more likely to increase the risk of death from oral 
cancer in people aged 80 and over (Figure 1).

Discussion
In this cohort study of patients with PD, a substantial 
increase in the risk of oral cancer mortality was 
recorded in older patients with severe alveolar bone 
loss compared with those who did not. A similar 
increase in risk was also noted for the number of teeth 
lost and oral cancer mortality. The increase in risk 
persisted in patients aged ≥80 years. Given that both 
alveolar bone loss and tooth loss are markers of period-
ontitis, this information underlines the importance of 
considering periodontitis in the prevention of oral can-
cer, especially in older patients.

There has been growing interest in the association 
between periodontitis and oral cancer risks over the past 
decades. In our research, we recruited 1385 subjects 
aged ≥75 years. The relatively large sample size in 
this age group offers us the possibility to explore the 
impact of periodontitis on oral cancer mortality with 
a cohort design. Our results are in accord with 
a recent study in India.22 A meta-analysis, which 
included 5 case control studies, also reported a pooled 
OR adjusting for known risk factors (mostly smoking 
and alcohol consumption) for the association between 
periodontal disease and oral cancer of 3.53 (95% CI: 
1.52–8.23).23

To assess the robustness of the findings, we first fitted 
the univariate model to examine the effect of alveolar bone 
loss and tooth loss on oral cancer mortality. The confound-
ing effect of age, sex, education level, BMI, smoking, 
drinking, hypertension, and diabetes were adjusted step 
by step. In sensitivity analyses, alveolar bone loss was 
considered as both a categorical variable and a ranked 
variable in the analysis. Finally, the potential relevance 
of the competing risk of non-oral cancer-related death 
was considered using the Fine and Gray competing risk 
regression modeling.

PD are difficult to measure and quantify in observa-
tional studies, as the assessment of PD requires several 
periodontal measurements. Some large cohort studies 
enrolling thousands of participants cannot conduct period-
ontal examinations on all subjects, and obtaining radio-
graphs on all participants is not feasible in these studies. 
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Alternatively, self-reported questions on oral health or the 
number of teeth were used as the crude measures of PD.24 

In our study, all subjects underwent a panoramic 

radiographic examination. As a result, radiographic bone 
loss was considered as the defining criteria for the classi-
fication of periodontitis. Tooth loss is most commonly 

Table 2 HR and 95% Confidence Interval for Oral Cancer Mortality*

Quartile of Residual Alveolar Bone Percentage Loss of Teeth

Q1(≥0.51) Q2(0.43–0.51) Q3(0.26–0.43) Q4(<0.26) HR(95% CI) 
for Trend

HR(95% CI) P

HR(95% CI) HR(95% CI) HR(95% CI) HR(95% CI)

Model 1 1.00 3.42(0.94,12.43) 4.12(1.16,14.60) 5.23(1.51,18.06) 1.51(1.12,2.02) 1.05(1.01,1.08) 0.019

Model 2 1.00 3.41(0.94,12.41) 4.00(1.13,14.20) 5.08(1.47,17.6) 1.49(1.11,2.01) 1.04(1.01,1.08) 0.025

Model 3 1.00 4.14(0.88,19.51) 5.31(1.17,24.01) 7.00(1.59,30.88) 1.60(1.15,2.21) 1.05(1.01,1.09) 0.019
Model 4 1.00 4.46(0.94,21.06) 5.16(1.14,23.39) 6.65(1.51,29.36) 1.55(1.12,2.14) 1.05(1.01,1.09) 0.027

Notes: *Model 1: crude, no adjustment. Model 2: adjusting for age, sex, education level and BMI. Model 3: adjusting for age, sex, education level, BMI, smoking and drinking. 
Model 4: adjusting for age, sex, education level, BMI, smoking, drinking, hypertension and diabetes. Q1: healthy; Q2: mild periodontitis; Q3: moderate periodontitis; Q4: 
severe periodontitis.

Table 1 Baseline Characteristics of Study Participants*

Survivors Mortality of Oral Cancer Mortality of Other Diseases

Participants 1028(74.22%) 40(2.89%) 317(22.89%)
Residual alveolar bone percentage 0.39(0.18) 0.29(0.19) 0.36(0.21)

Loss of teeth 13.48(8.21) 16.83(9.11) 14.38(9.13)

Age 80.31(3.70) 82.04(5.42) 82.05(4.47)

Sex
Male 488(47.50%) 21(52.50) 154(48.58)

Female 540(52.50%) 19(47.50) 163(51.42)

BMI(kg/m2)

<25 834(81.10%) 32(80.00) 271(85.49)

≥25 194(18.90%) 8(20.00) 46(14.51)

Education levels(year)

≤6 406(50.24) 21(55.26) 102(36.56)
7–12 326(40.35) 14(36.84) 131(46.95)

>12 76(9.41) 3(7.89) 46(16.49)

Smoking habits

Nonsmoker 871(87.40%) 27(77.14) 250(84.46)

Previous smoker 102(10.20%) 4(11.43) 37(12.50)
Current smoker 24(2.40%) 4(11.43) 9(3.04)

Drinking habits
Never drink 816(81.90%) 25(71.43) 234(79.05)

Drink sometimes 164(16.50%) 10(28.57) 58(19.59)

Drink everyday 17(1.60%) 0(0.00%) 4(1.35)

Hypertension

Without 212(20.60%) 22(55.00) 107(33.75)
With 816(79.40%) 18(45.00) 210(66.25)

Diabetes
Without 947(92.10%) 37(92.50) 281(88.64)

With 81(7.90%) 3(7.50) 36(11.36)

Notes: *Age, loss of teeth and proportion of remaining bone height are presented as mean (SD). The other variables are presented as numbers (%).
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caused by dental caries and PD, but the percentage con-
tribution from each condition depends on age and other 
factors.25 All the enrolled subjects in the current study 
were aged ≥75 years, and tooth loss in this age group 
was more likely to be caused by chronic PD. Therefore, 
tooth loss in our study can be a better marker of PD 
compared with previous studies that covered populations 
of all age groups.

Evidence from multidisciplinary studies has lent sup-
port to the possibility of associations between period-
ontitis and cancer risk. Periodontal tissue infection can 
lead to systemic effects and an increase in circulating 
levels of inflammatory biomarkers such as C-reactive 
protein and interleukin-1 and −6.26 Poor oral health 
can generate a potent carcinogen, nitrosamine.27 It has 
been reported that people with poor oral health have 
higher nitrosamine levels, which are driven by nitrate- 
reducing bacteria, in their oral cavities.28,29 In particular, 
oral bacteria including Porphyromonas gingivalis, 

Fusobacterium nucleatum and Treponema denticola 
have been recognized as potential etiological agents of 
oral cancer and recently these pathogens have been 
found to dysregulate inflammatory mechanisms in oral 
cancer cells.30,31

Certain limitations should be considered when inter-
preting the results of the present study. First, the dietary 
habits of the subjects were not considered in our study. 
Second, we did not perform clinical evaluation of PD. We 
used radiographic bone loss and tooth loss as the only 
objective indication of the severity of PD. Another limita-
tion of this study was that we did not collect information 
regarding the treatment of PD in the current study. 
However, although the PD can be treated or managed to 
decrease further damage and grafting might be occasion-
ally used to fill the bone loss, those with PD cannot be 
cured because the effects of past PD will generally man-
ifest as attachment loss and bone loss.32

Conclusion
In summary, the study findings suggest that the risk of oral 
cancer mortality increases substantially in older patients 
with severe alveolar bone loss. Since this study supports 
the evidence that severity of PD is associated with oral 
cancer mortality, the control and prevention of PD should 
be emphasized, especially in older patients, as it could 
reduce the possible progression and risk of developing 
oral cancer.

Figure 1 Stratified analysis by sex and age for oral cancer mortality.

Table 3 HR and 95% Confidence Interval of Competing Risk 
Models

Fine-Gray 
Test

P Adjusted HR 
(95% CI)*

Severity of periodontitis 8.45 0.038 1.47(1.12,1.92)

Loss of teeth 52.63 0.003 1.04(1.00,1.08)

Notes: *Adjusting for age, sex, education level, BMI, smoking, drinking, hyperten-
sion, and diabetes.
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