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Abstract: 

Previous observational studies have found a positive association between periodontitis and oral cancer; however, the causal role of 
periodontitis in oral cancer has not yet been determined. Mendelian randomization (MR) studies are considered superior to 
traditional observational studies for causal inferences. Therefore, it is of interest to examine the potential causal link between 
periodontitis and oral cancers using MR analysis. Data were retrieved from the NHGRI-EBI GWAS Catalogue within MR-Base using 
the "TwoSampleMR" R package. The analysis employed the inverse variance method, with sensitivity analysis using MR-Egger, 
weighted median and mode approaches. MR analysis showed no association between periodontitis and oral cancer. However, 
aggressive periodontitis showed significance (p = 0.001), with an odds ratio of 1.39 (95% CI: 1.14–1.69), indicating causality.  
 
Keywords: Periodontitis, aggressive periodontitis, mouth neoplasms, oropharyngeal neoplasms, causality, Mendelian randomization 
analysis 

 
Background: 
Periodontitis is a chronic inflammatory condition characterized 
by loss of periodontal tissue support through periodontal 
pockets, loss of clinical attachment and radiographic bone loss 
[1]. Its global prevalence ranges from 20% to 50% [2]. Aggressive 
periodontitis is an uncommon but severe form of periodontitis, 
with a global burden of approximately 1.6% [3]. Oral and 
oropharyngeal cancers (hereafter referred to as oral cancers) are 
among the most common cancers worldwide. It is a highly 
morbid condition with high mortality, characterized by late 
detection, poor prognosis, absence of specific biomarkers and 
costly treatment [4]. Observational studies exploring the 
relationship between periodontitis and oral cancer have found a 
positive association [5, 6], with a pooled odds ratio of 3.53 [7]. 
This association may be causal, as persistent inflammation in 
periodontitis can cause malignant transformation of the affected 
oral epithelium [8]. The findings of observational studies have 
limited value for causal inference because of potential biases and 
unmeasured confounders. In addition, a randomized controlled 
trial (RCT), the most reliable evidence for determining causal 
relationships, is neither ethically permissible nor feasible. 
Mendelian randomization (MR) can overcome these problems by 
using single nucleotide polymorphisms (SNPs) as proxies for 
environmental exposures. Based on Mendel's laws of 
segregation and independent assortment, SNPs are allocated 
independently of confounders [9], achieving effects similar to 
those of RCT randomization. MR estimates causal effects under 
specific assumptions [10]. The NHGRI-EBI GWAS catalogue in 
the MR-Base database was used as the data source [11]. SNP 
associations for periodontitis and aggressive periodontitis as 
exposures were derived from the GWAS of 3915 (Teumer et al. 
2013) [12] and 7687 individuals (Munz et al. 2017) [13], 
respectively. Genetic association estimates of SNPs with oral 
cancer as an outcome were obtained from a GWAS of 5425 
individuals (Lesseur et al. 2016) [14]. Details of these GWASs are 
given in Table 4. Therefore, it is of interest to report the causal 
link between periodontitis and aggressive periodontitis with oral 
cancers by means of MR analysis using this data source. 
 
 

Materials and Methods: 
This study used a two-sample Mendelian randomization (2SMR) 
strategy to infer causal relationships between the phenotypes 
(Figure 1). To decrease the possible bias from population 
stratification, MR analyses were limited to people of European 
descent. The study protocol and details were not preregistered. 
This study was reported based on the recommendations of the 
STROBE-MR and “Guidelines for performing Mendelian 
randomization investigations.” This study was conducted using 
publicly available summary data from genome-wide association 
studies (GWAS). Each GWAS included in this study received 
approval from an ethical review board and obtained informed 
consent, as detailed in the original manuscripts. Institutional 
Review Board and Ethics Committee approvals were obtained 
for this study.  SNPs associated with exposure and with a p-
value < 1 x 10-5 were chosen as instrumental variables. Clumping 
was used to determine SNPs with linkage disequilibrium (LD) 
with other SNPs. To ensure consistency, the impact of SNPs on 
both exposure and outcome was harmonized so that the 
influence of an SNP on exposure matched the influence of that 
SNP on the outcome for the same allele. An attempt was made to 
align the strands of palindromic SNPs. From the candidate 
instrumental variables, SNPs with LD with other SNPs and 
SNPs with incompatible alleles were removed.  
 

 
Figure 1:  Two-sample Mendelian randomization technique   
 

mailto:shilpamylakuzhi92@gmail.com
mailto:brn05sai@gmail.com
mailto:fathimaph92@gmail.com


ISSN 0973-2063 (online) 0973-8894 (print)  

©Biomedical Informatics (2026) Bioinformation 22(3): 1741-1747 (2026) 
 

1743 

 

Assumptions for valid instrumental variables:  

Three essential assumptions define valid instrumental variables: 
First, the genetic marker must be linked to the exposure. Second, 
the genetic marker should remain independent of the outcome 
when considering the exposure and all confounders, whether 
measured or not, in the exposure-outcome relationship (this is 
known as exclusion restriction). Third, the genetic marker must 
be independent of any factors, both measured and unmeasured, 
that could confound the exposure-outcome relationship, 
meaning that it should influence the outcome solely through 
exposure [15] (Figure 2). Exposure and outcome variables were 
dichotomized as present or absent in the original studies. The R 
package “Two Sample MR” [16] version 0.5.6 using RStudio 
version 2023.03.0 (R version 4.2.2) was used for statistical 

analysis. The MR estimator used for individual SNPs was the 
Wald ratio, which was derived by dividing the effect estimate 
for the SNP-outcome association by the coefficient of the SNP 
exposure association. The inverse-variance weighted (IVW) MR 
method was used as the primary analysis method to derive the 
causal estimate. Previous reports of associations between genetic 
instruments and traits potentially confounding the exposure-
outcome or SNP-outcome association were explored using the 
online Phenol Scanner version 2.0 [17]. Mendelian 
randomization-Egger (MR-Egger), weighted median, simple 
mode and weighted mode were used for sensitivity analyses. 
Leave-one-out validation was performed to assess the sensitivity 
of each instrumental variable.  

 

 
Figure 2: A Directed Acyclic Graph illustrating A) A valid instrumental variable B) Violation of first assumption - There is no 
association between SNPs and exposure C) Violation of second assumption (exclusion restriction assumption) - The SNPs are directly 
associated with outcome D) Violation of third assumption - The SNPs are associated with factors which confound exposure outcome 
relationship 
 
Table 1: Results from two sample mendelian randomization with periodontitis or aggressive periodontitis as the exposure and oral and oropharyngeal cancer as the 
outcome 

Method Exposure No of SNPs B S.E. P-value Odds Ratio (95% CI) 

Inverse variance weighted Periodontitis 13 -0.042 0.039 0.287 0.96 (0.89 - 1.04) 
Aggressive periodontitis 5 0.326 0.101 0.001* 1.39 (1.14 - 1.69) 

MR Egger 
 

Periodontitis 13 -0.075 0.089 0.417 0.93 (0.78 - 1.12) 
Aggressive periodontitis 5 -0.323 0.517 0.576 0.72 (0.26 - 1.99) 

Weighted median Periodontitis 13 -0.039 0.055 0.477 0.96 (0.86 - 1.07) 
Aggressive periodontitis 5 0.194 0.124 0.118 1.21 (0.95 - 1.55) 

Simple mode Periodontitis 13 -0.072 0.089 0.434 0.93 (0.78 – 1.11) 
Aggressive periodontitis 5 0.168 0.170 0.378 1.18 (0.85 -   1.65) 

Weighted mode Periodontitis 13 -0.029 0.074 0.675 0.97 (0.84 - 1.12) 
Aggressive periodontitis 5 0.164 0.150 0.337 1.18 (0.88 - 1.58) 

Abbreviations: SNP, single nucleotide polymorphism; S.E., standard error; CI, confidence interval. 
*Statistically significant 
 
Table 2: Heterogeneity tests 

Method Exposure Q value Df P-value 

MR Egger Periodontitis 0.008 1 0.929 
Aggressive periodontitis 4.058 3 0.255 

Inverse variance weighted Periodontitis 0.131 2 0.936 
Aggressive periodontitis 6.263 4 0.180 

Abbreviations: df: degree of freedom. 
 
Table 3: MR Egger regression intercept test with aggressive periodontitis as the exposure and cancer as the outcome 

Exposure Outcome Egger intercept S.E. P-value 
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Aggressive periodontitis Oral and oropharyngeal cancer 0.182 0.143 0.292 

Abbreviations: MR, Mendelian randomization; S.E., standard error. 

 
Table 4: Details of GWAS datasets used for this study 

Exposure/Outcome Phenotype 

Study 
design, 
setting and 
underlying 
population  

Measurement, quality 
control and selection of 
genetic variants 

Methods of assessment 
and diagnostic criteria 
for diseases 

Participant details, 
sample size, power 
calculations 

Cases Controls 

First author 
(year, 
PMID)/GWAS 
ID 

Exposure Periodontitis 

Cross-
sectional 
Population-
based study 
European 
(German) 
population 

Study of Health in 
Pomerania samples were 
genotyped using the 
Affymetrix Genome-Wide 
Human SNP Array 6.0. A 
subset of 1001 SHIP-TREND 
probands was genotyped 
using the Illumina Human 
Omni 2.5 array. 

The periodontal 
examination was 
performed with a 
periodontal probe 
(SHIP-0: PCP 11; SHIP-
TREND: PCPUNC-15; 
Hu-Friedy, Chicago, IL, 
USA). PD, gingiva 
height and AL were 
assessed according to 
the half-mouth method 
(except on third molars) 
on the right or left side 
in alternate subjects. 

Power calculations 
- For a combined 
analysis of the 
available almost 
3200 samples of 
age 20–60 years, 
there was >80% 
power to detect a 
SNP explaining 
1.3% or more of the 
mean PAL variance 
at p < 5E-08. 

    
Teumer [12] 
(2013, 
24024966) 

Imputation of the 1000 
Genome - based autosomal 
and X-chromosomal SNPs 
and INDELs were 
performed in both cohorts 
with the software IMPUTE 
v2.1.2.3 against the 1000 
Genomes v3 reference 
panel. 

Moderate and severe 
periodontitis as defined 
by CDC/AAP in 2007 
was used as case 
definition for 
periodontitis 

Sample size - 3915 

Exposure 
Aggressive 
Periodontitis 

Case-control 
study 
European 
(German and 
Dutch) 
population 

Sample of 896 AgP cases 
and 7,104 controls from 
Germany and the 
Netherlands. Replication of 
the variants that were 
shared between AgP was 
done in an independent 
AgP sample from Turkey 
(220 cases, 550 controls). 

The diagnosis of 
aggressive periodontitis 
was based on severe 
periodontal attachment 
loss and severe 
destruction of the 
alveolar bone in 
adolescents and young 
adults (< 35 years of 
age). 

Sample size - 7687 851 6836 

Munz [13] 

(2017, 
28449029) 

Multidimensional scaling 
was used and showed 
minimal evidence for 
population stratification in 
German and Dutch after 
removal of outliers in the 
QC procedures. 

Outcome 

Oral and 
Oropharyngeal 

Cancer 

Case-control 
study 
Multicentre 
hospital-

based 
European 
population 

Genomic DNA isolated 
from blood or buccal cells 
was genotyped using a 
novel genotyping tool, the 
Illumina OncoArray custom 
designed for cancer studies 
by the OncoArray 
Consortium 

Cancer cases comprised 
the following ICD 
codes: oral cavity 
(C02.0-C02.9, C03.0-
C03.9, C04.0-C04.9, 
C05.0-C06.9) 
oropharynx (C01.9, 
C02.4, C09.0-C10.9), 

hypopharynx (C13.0-
C13.9), overlapping 
(C14 and combination 
of other sites) and 25 
oral or pharyngeal cases 
with unknown ICD 
code (other). 

Sample size - 5425 2497 2928 
Lesseur  [14] 

(2016, 

27749845) 

PLINK 1.934 was used to 
conduct systematic quality-
control steps on genotypes 
calls. 

A geographic region GWAS 

and meta-analysis approach 
to evaluate the relation 
between SNPs and overall, 
oral and pharynx cancer, 
and site-specific oral and 
oropharyngeal cancer risk; 
in total 7,574,753 SNPs were 
evaluated. Functional 
annotation for variants 
reaching P< 5 x 10-8 were 
summarized 
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Figure 3: Forest plot of single SNP Mendelian Randomization 
and inverse variance weighted causal effect estimate of 
aggressive periodontitis on oral and oropharyngeal cancer 
 

 
Figure 4: Scatter plot for SNP effect on exposure (aggressive 
periodontitis) and outcome (oral cancer) 
 
Results and Discussion: 

The IVW analysis did not find evidence of a causal link between 
periodontitis (in general) and oral cancer risk (Table 1). This 
finding contrasts with those of most previous observational 
studies, which have found a positive association between 
periodontitis and oral cancer. The spurious relationship seen in 

previous studies may be due to the effect of unmeasured 
confounders, such as poor nutritional status [18] or common 
genetic risk factors; incomplete adjustment for or failure to 
exclude important known risk factors, such as smoking [19]; or 
systematic bias, such as selective survival and Berksonian bias. 
However, this concurs with the findings of Xio et al. [20] and 
Sheng et al. [21], who found no association between periodontitis 
and oral cancer using the MR technique. Nonetheless, the IVM 
revealed a significant causal effect of aggressive periodontitis on 
oral cancer, with a p-value of 0.001 and an odds ratio of 1.39 
(95% CI: 1.14–1.69). Although this is a small causal effect, 
considering the seriousness of the outcome, it may be important 
and clinically significant, especially in patients with coexisting 
risk factors. This is in contrast to the findings of Xio et al. [20], 

who found a negative association between acute periodontitis 
and oral cancer using the IVM method. However, other 
methods, such as MR-Egger, weighted median, simple mode 
and weighted mode, did not show significant causal effect 
estimates for aggressive periodontitis and oral cancer (Table 1). 
Tests for heterogeneity using the Q statistics for periodontitis 
and aggressive periodontitis as exposures yielded p-values that 
were not statistically significant, indicating adequate 
homogeneity of individual SNP effects (Table 2). Single SNP MR 
Analysis showed that all five selected instruments were 
positively associated with oral cancer. Of these, two associations 
(for SNPs rs2978951 and rs2070901) were found to be statistically 
significant (Figure 3). Although the intercept term from the MR-
Egger regression was 0.182, which did not significantly differ 
from zero (Table 3), the causal estimate from the MR-Egger 
analysis was not significant (Table 1). The scatter plot of the SNP 
effect on aggressive periodontitis and oral cancer showed an 
absence of a dose response, indicating the possibility of 
horizontal directional pleiotropy (Figure 4). The MR leave-one-
out sensitivity analysis for aggressive periodontitis and oral 
cancer showed persistence of association even after the removal 
of these SNPs (Figure 5).  
 
All SNPs associated with exposure to aggressive periodontitis 
had a p-value < 1 x 10-6. This satisfies the first assumption 
(relevance assumption) of a valid instrument.  Exploration of 
previous studies associated with aggressive periodontitis SNPs 
using PhenoScanner revealed that rs2978951 was associated with 
the percentage of monocytes and basophils among white cells, as 
well as monocyte and basophil counts [22]. The variant 
rs2070901 has been linked to allergic conditions such as asthma, 
hay fever and eczema [23]. This may violate the third 
assumption of a valid instrument because allergic conditions are 
suspected to influence oral cancer [24]. Thus, the results of the 
sensitivity analysis are inconclusive. This potential causal 
connection is biologically plausible because aggressive 
periodontitis is associated with periodontal pathogens such as 
Aggregatibacter actinomycetemcomitans and Porphyromonas 
gingivalis, both of which are suspected to be carcinogenic [25-27]. 
An important virulence toxin produced by Aggregatibacter 
actinomycetemcomitans is the cytolethal distending toxin (CDT), 
which contains a nuclease motif homologous to DNase I. The 
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nuclease activity of CDT is involved in the formation of DNA 
double-strand breaks (DSBs) in affected mammalian cells [28]. 
DSB formation in host cells causes genomic instability, which 
can subsequently increase the risk of carcinogenesis. 
Porphyromonas gingivalis can promote the development of oral 
cavity and digestive tract cancers by inducing epithelial-to-
mesenchymal transition, activating metalloproteinase-9 and 
interleukin-8, accelerating cell cycling and suppressing apoptosis 
[29]. The protease generated by Porphyromonas gingivalis breaks 
down the extracellular matrix, damages the host's epithelial 
tissue, severely impairs the host's immune system and may 
ultimately lead to the initiation and advancement of tumors [30]. 
The early onset and persistence of periodontopathogens 
associated with aggressive periodontitis, even after treatment in 
the oral and oropharyngeal regions [31], may allow for the long 
induction period required for the development of oral cancer.  
This MR study used GWAS data from studies involving 
participants of European descent. MR studies using GWAS data 
involving other populations can be performed to ensure the 
generalizability of the findings. A multivariable Mendelian 
randomization approach (factorial Mendelian randomization), 
which involves multiple genetic variants linked to various 
measured risk factors, such as aggressive periodontitis and 
allergic conditions, can be used to simultaneously determine the 
causal effects of each of these risk factors. Basic and clinical 
research, including animal studies, should further explore the 
role of aggressive periodontitis and associated bacteria, 
particularly Aggregatibacter actinomycetemcomitans in the 
pathogenesis of oral cancer. Because of the potentially increased 
risk of oral cancer, patients with aggressive periodontitis should 
be strictly monitored, especially those with coexisting lifestyle 
risks, such as tobacco use and alcohol consumption. 
 

 
Figure 5: Leave one out Sensitivity analysis of aggressive 
periodontitis and oral and oropharyngeal cancer.  
 

Conclusion: 

We show no evidence of a causal role for periodontitis (in 
general) in oral cancer. However, there is some evidence that a 
severe but relatively uncommon form of periodontitis, namely 
aggressive periodontitis, may be causally related to oral cancer. 
Evidence from multiple sources, such as factorial MR studies 
and basic, animal and experimental research exploring biological 
pathways, can provide evidence for a potential causal 
connection between aggressive periodontitis and oral cancer. 
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