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4. Rationale:

Many of the established risk factors for cancer, including smoking, obesity, diabetes and
physical inactivity, share some commonality in that they are all associated with systemic
inflammation and immune perturbations, and likely share common pathways to cancer
development. Advanced periodontal disease, through local inflammation, bone destruction and
tooth loss, can have a major systemic impact on the body, which extends beyond the oral cavity
[1]. Poor oral health and development of periodontitis are associated with changes in bacterial
communities in the mouth, and changes in the immune status [2], which may also be involved in
the carcinogenesis.

We reported positive associations between periodontal disease and cancer risk in the
Health Professionals Follow-up Study (HPFS) among all participants [3], which was stronger for
smoking-related cancers (including lung, kidney, bladder, head and neck, pancreatic cancers) and
remained elevated among never smokers and was stronger among those with severe periodontitis
(HR =2.57, 95% CI = 1.56-4.21) [4]. Three other prospective cohort studies with data on
periodontal disease, the NHANES | study [5], the NHANES I11 study [6] and the Women’s
Health Initiative (WHI)[7], have reported positive associations for periodontitis and cancers,
including pancreatic, lung, and orodigestive cancers. In addition, antibodies to a periodontal
pathogen (P. gingivalis) have been associated with elevated risk of pancreatic and orodigestive
cancers in two different prospective studies [6, 8]; to date, there are no null studies on this topic.
Retrospective studies have examined these associations, especially for head and neck cancers [9,
10], but as these are prone to bias, and reverse causation, they cannot provide strong support for
causality.

Most of the large cohort studies on cancer have no data on periodontal disease status,
number of teeth lost and reasons for the lost teeth, and those studies with measurements on these
factors often rely on self-report of periodontal disease status, which are prone to substantial
measurement error. Consequently, it is quite amazing that we find such consistent and strong

associations for periodontal disease and cancer risk.

5. Main Hypothesis/Study Questions:
The overall objective of this proposal is to examine the association between periodontal disease
and cancer risk in the ARIC cohort.



Hypothesis 1: Periodontal disease will be associated with increased risk of cancer independent of
known and suspected cancer risk factors. Associations are expected to be similar in blacks and
whites.

Hypothesis 2: More advanced periodontal disease (moderate and severe) will be more strongly
associated with risk of cancer than mild/no periodontal disease (using Visit 4 measurements),
and associations will be strongest for smoking-related cancers, independent of known and
suspected cancer risk factors.

Hypothesis 3: Periodontal disease will be associated with all cancer and smoking-related cancers
among never smokers. Associations are expected to be similar in blacks and whites.

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: Prospective cohort study with Visit 4 as baseline for the analysis.

Inclusion/Exclusion: Participants with a cancer diagnosis at baseline (Visit 4), and those with
missing data on periodontal disease covariates will be excluded from the analysis.

Exposures:

(1) Periodontal disease status based on self-reported data at Visit 4. Periodontal measures
will be based on self-report of periodontal disease and severity will be determined by self-report
of periodontal/gum surgery (or periodontal disease plus 20 or fewer teeth remaining).

(2) Periodontal disease status based on dental measurements from Visit 4. Periodontitis will
be categorized as no/mild or moderate/severe based on extent of attachment level (AL), as
previously described in this cohort [11].

Outcome: All incident cancers and smoking-related cancers. For question (1): 1,769 incident
cancers are available in 8,889 participants who completed the dental questionnaire at Visit 4
(baseline for this analysis). For question (2): 1,099 incident cases, of which 327 are smoking
associated cancers, are available in 5,650 participants who had the dental examination at Visit 4
(baseline for this analysis).

Other variables of interest: Age, race*field center, sex, family history of cancer, education,
height, smoking status, smoking pack-years, body mass index, waist-to-hip ratio, physical
activity, vitamin supplement use, statin and aspirin use, diabetes and hypertension status, energy
intake, alcohol consumption, exogenous hormone use, menopausal status, age at menopause.

Analysis:

(1) Cox proportional hazard regression will be used to calculate the multivariable-adjusted
relative risk of incident cancer in relation to self-reported periodontal disease status and
gum/periodontal disease surgery based on Visit 4. All cancer and smoking-related
cancers will be examined separately by race and smoking status.



(2) Cox proportional hazard regression will be used to calculate the multivariable-adjusted
relative risk of incident cancer in relation to periodontal disease measurements obtained
on Visit 4. All cancer and smoking-related cancers will be examined separately by race
and smoking status.

Power: For question 2 (which has the smaller sample size) we performed power calculations.
We will have 80% power to detect a RR of 1.17 in the population with dental exams for all
cancers (first diagnosis of any first primary cancer) when comparing mod/severe periodontal
disease with those with none/mild periodontal disease (alpha=0.05, 2 sided test) and 80% power
to detect a RR of 1.37 for smoking-associated cancers. Given that previously reported
associations in those with periodontitis have been larger (RR of 1.45 and 2.57, respectively for
total cancer and smoking-related cancers [4]), we will have sufficient power to examine these
associations in the ARIC study.
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