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4. Rationale: Most cohort studies with large numbers of cancers have no or limited data on 
periodontal disease status, making it difficult to assess the relationship between this condition and 
cancer risk. In ARIC, we previously observed that severe periodontal disease (HR=1.24, 95% CI 
1.07-1.44, p-trend=0.004) and self-reported edentulism (no teeth; HR=1.28, 95% CI 1.09-1.50) 
were associated with increased cancer risk (1). These associations were stronger for cancer 
mortality (severe periodontal disease: HR=1.52, 95% CI 1.17-1.97, p-trend=0.002; edentulism 
HR=1.64, 95% CI 1.25-2.16). By cancer site, associations were strongest for lung cancer risk 
(HR=2.33, 95% CI 1.51-3.60, p-trend<0.0001), including possibly among never smokers. For 
colorectal cancer, associations were present for both white and black participants, especially when 
restricting to never smokers. The great strengths of this work compared other work in the small 
existing literature were: more accurate determination of periodontal disease by the use of a 
standardized dental examination rather than by self-report of the diagnosis; reduction in 
confounding by accounting for known cancer risk factors that are also the major causes of 
periodontal disease in the US, including smoking and diabetes, by adjustment and restriction; 
documentation that competing risks of death did not explain the findings; and addressing this 
association in both white and black participants. Our findings add to the number of studies 
supporting the hypothesis that periodontal disease increases cancer risk, observed in numerous 
cohort studies (2). To further address causality, we recently performed a Mendelian randomization 
study using genetic variants of periodontal disease to test for causal associations with lung, 
pancreatic and colorectal cancers and identified positive associations for colon cancer, but not for 
pancreatic and lung cancers (unpublished data). At this time, we are very interested in expanding 
our research on periodontal disease and cancer risk and mortality to other datasets, but need a 
better measure for the biological impact of different stages of periodontal disease.  

In recent years, there has been tremendous promise in blood DNA methylation markers – 
providing new insight into risk factors, biological pathways, and disease processes. In 
cardiovascular disease, recent studies using blood DNA methylation levels from high dimensional 
arrays has resulted in identification of numerous new pathways (3, 4). Large studies have identified 
regions in the human genome that are differentially methylated in circulating leukocytes of 
subjects with elevated subclinical inflammation (5, 6), obesity (7, 8), type II diabetes (9), and 
smoking (10, 11). In one study, DNA methylation markers associated with smoking improved risk 
prediction of lung cancer in former smokers, demonstrating that biomarkers can add information 
on internal dose that cannot be reliably obtained with history of smoking data. For obesity, it was 
estimated that DNA methylation levels more often changed as a consequence of the phenotype 
(i.e., BMI), rather than being determined by genetic susceptibility (7). When not strongly driven 
by genetic susceptibility (e.g., imprinting), changes in DNA methylation levels in peripheral blood 
can serve as biological markers of exposure or disease occurrence (7-9). Therefore, DNA 
methylation levels provide more integrated measures of exposure, genetic susceptibility and 
immune changes that occur in individuals across a life span and show promise as markers of 
integrated risk. Identifying changes in methylation that occur in leukocytes as a result of 
periodontal disease progression could provide insight into biological mechanisms. These findings 
would be of relevance for periodontal disease, but also for other chronic conditions including 
diabetes, stroke and cancer.  

 
5. Main Hypothesis/Study Questions: 
 



In a cross-sectional study: 
 

1. Determine whether DNA methylation levels at certain loci are strongly and consistently 
associated with periodontal disease and whether these methylation changes occur in a 
dose-response manner with increasing disease severity. 

 
2. Determine whether DNA methylation levels at certain loci are strongly and consistently 

associated with tooth loss and whether these methylation changes occur in a dose-
response manner with increasing tooth loss. 
 

3. Examine overlap in CpGs between 1) and 2)  
 
 

6. Design and analysis (study design, inclusion/exclusion, outcome and other variables of 
interest with specific reference to the time of their collection, summary of data analysis, 
and any anticipated methodologic limitations or challenges if present). 
 
Study design: Cross-sectional design 
 
Analytic population: Men and women who self-reported being edentulous at Visit 4 or who 
attended the clinical dental examination at Visit 4, with DNA methylation data from Visit 3, and 
who consented to genetic studies and studies on chronic diseases. 
 
Exposure: Available DNA methylation data in ARIC study from Visit 3. By the end of 2020, 
ARIC participants who consented to genetic studies and studies on cancer and other chronic 
diseases will have available DNA methylation data at Visit 3. The majority of participants will 
have data from the Illumina MethylationEPIC arrays (~11,500 are currently being arrayed by 
TOPMed).  

 
Outcomes:  
Aim 1. We will classify participants using two definitions of periodontal disease and data from 
the Visit 4 dental examination (see table above): 1) US Centers for Disease Control and 
Prevention - American Academy of Periodontology (CDC-AAP) definition developed for 
population-based surveillance of periodontitis, which uses both clinical attachment level and 

CDC-AAP Original ARIC 
Periodontal 

disease status 
Measurement Periodontal 

disease status 
Measurement 

No  No evidence of mild, moderate, or severe periodontitis 
 

No/mild 10% of examined sites 
having AL>3 mm 

Mild >2 interproximal sites with AL>3mm, and >2 
interproximal sites with PD>4mm (not on same tooth) 
or one site with PD>5mm 
 

Moderate >2 interproximal sites with AL>4mm (not on same 
tooth), or >2 interproximal sites with PD>5mm (not on 
same tooth) 
 

Moderate >10% to <30% of 
examined sites having 
AL>3 mm 

Severe >2 interproximal sites with AL>6mm (not on same 
tooth) and >1 interproximal site with PD>5mm 

Severe >30% of examined sites 
with AL>3 mm 

    



pocket depth measurements (12); 2) the definition based only on clinical attachment level 
measurements used by Beck et al. (13) in ARIC previously. For definitions 1 and 2, we will also 
use self-reported edentulism at Visit 4. The reference for both definitions will be consist of 
participants with no PD and who were not edentulous. 
 
Aim 2. Teeth number will be obtained from the Visit 4 oral examination and self-reported 
edentulism status.  
 
Other variables: Age, race, derived BMI at Visit 3, current smoking status and packyears 
smoked by Visit; alcohol drinking at Visit 3 (never, former, or current drinker), diabetes status at 
Visit 3 (diagnosed: MD diagnosis, medications; undiagnosed: fasting glucose ≥126 mg/dL at any 
visit and/or glycated hemoglobin ≥6.5% at Visit 2; at risk for diabetes: fasting glucose of 100 to 
<126 mg/dL at visit 4; if not fasting, prior visit concentration will carried forward); ever use of 
hormone replacement therapy (women only; Visits 1 and 3); lifecourse SES calculated using data 
from ancillary study at Visit 4 as done previously in ARIC (14); US Census tract data on 
neighborhood income for the year 2000 (15).  
 
Estimation of immune cell composition. Leukocyte subtypes proportions (i.e., CD4T, CD8T, 
natural killer cells (NK), B cells, monocytes (Mono) and neutrophils) will be estimated using the 
“estimateCellCounts2” function in the FlowSorted.Blood.EPIC Bioconductor package (16), which 
is based on previously published reference-based cell mixture deconvolution algorithm with 
reference library selection conducted using the IDOL methodology developed by our team (17). 
Immune cell ratios (e.g., Neutrophil-to-Lymphocyte ratio (NLR), CD4/CD8, etc.) can be 
ascertained using the cell proportion estimates (obtained via the “estimateCellCounts2” function).  
 
Data analysis: 
We will initially conduct linear regression models to identify CpGs most strongly associated 
with periodontal disease or tooth loss – for these models, CpGs will be the dependent variables, 
and surrogate variables for batch effects and cell proportions will be independent variables along 
with periodontal disease or tooth loss. Given the large number of tests being performed, 
multiplicity adjustment will be performed by computing the Benjamini-Hochberg false discovery 
rate (FDR) and CpGs with an FDR ≤ 0.05 will be considered statistically significant. Using the 
CpGs identified in those models, we will perform multivariate analyses by fitting polynomial 
regression models for periodontal disease and linear regression models for teeth number 
[continuous variable]) as the dependent variables and each CpG methylation level as independent 
variables (one at a time); each regression model will be adjusted for education (<high school, 
high school, >high school), field center*race (black from suburban Minneapolis, Forsyth County 
or Washington County; white from Forsyth County or Washington County; black from Jackson) 
and risk factors for periodontal disease, i.e., smoking (current, former, never; packyears smoked 
[continuous]), BMI (continuous), diabetes status (diagnosed, undiagnosed, at risk for diabetes, 
none), alcohol drinking  (never, former, or current drinker), lifecourse SES, US Census tract data 
on neighborhood income, and estimated cell proportions. In addition, technical variables will be 
included to account for potential confounding by genetic ancestry, and surrogate variables (to 
control for unmeasured batch effects). We will repeat these analyses stratified by race and will 
test for statistical interaction between the significant CpGs and race using the likelihood ratio 
test. We will also consider a second analytical approach to identify genomic regions using the 



DMRcate Bioconductor R package (18). DMRcate will be applied using the following settings: 
region length 2000bp; min of 2 significant CpGs; FDR pvalue<0.05 (adjusting for the same 
covariates as in the single CpG analyses).  
 
Methodologic challenges:  
We realize the DNA methylation levels are measured in blood from samples collected a few 
years prior to the periodontal disease assessments. Thus, we are making the assumption that 
DNA methylation levels are relatively stable during the progression of periodontal disease and 
that we are measuring disease status at slightly earlier stage than observed.  We will conduct sub-
analyses removing participants who have diabetes to determine whether it is a major explanatory 
factor in the changes in methylation levels associated with periodontal disease and/or teeth 
number. Similarly, we will conduct a separate analysis to examine associations among never 
smokers.  
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