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Abstract

Increasing evidence supports a positive association between periodontal disease and total cancer
risk. We evaluated the association of clinically-assessed periodontal disease and a consequence,
edentulism with total cancer mortality in participants without a prior cancer diagnosis in a US
nationally representative population.

Included were 6,034 participants aged =40 years without a prior cancer diagnosis who participated
in the National Health and Nutrition Examination Survey (NHANES) Ill. Periodontal health was
measured by trained dentists. Cancer deaths (n = 702) were ascertained during a median of 21.3
years of follow-up. Cox proportional hazards regression was used to estimate the association of
periodontal disease and edentulism with total cancer mortality using no periodontal disease/
dentate as the reference and adjusting for potential demographic, lifestyle including smoking, and
social factor confounders.

15% had periodontitis and 17% were edentulous. Periodontitis was not statistically significantly
associated with risk of total cancer death after multivariable adjustment. Edentulism was
associated with an increased risk of cancer mortality (hazard ratio=1.50, 95% confidence
interval=1.12 to 2.00) after multivariable adjustment, including in men and women and in each
racial/ethnic group studied. The positive association was observed in overweight/obese
participants but not participants with normal body mass index, more strongly in pre/diabetic
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participants than in participants without diabetes, and in ever cigarette smokers but not never
cigarette smokers.

In this US nationally representative population, those with edentulism, but not periodontal disease,
had a higher risk of total cancer death, especially in those with shared risk factors for periodontal
disease and cancer.

Keywords
periodontal disease; edentulism; cancer; mortality

Introduction

Periodontal disease is a chronic inflammatory condition caused by bacterial infection of the
supporting gum and bone tissues around the teethl: 2. A common consequence of severe
periodontal disease is tooth loss and edentulism3. There has been increasing interest in
understanding the relationship between this inflammatory condition and inflammation-
associated chronic diseases, including cancer.

Although the underlying mechanisms are unknown, periodontal disease may influence
cancer risk through acute systemic inflammation, pathogen invasion into blood circulation,
and/or chronic changes in immune response® °. Several meta-analyses have examined the
association between periodontal disease and cancer risk and/or mortality, and results
consistently suggest that people with periodontal disease or tooth loss have a higher cancer
risk3 6.7 However, some of these studies assessed periodontal disease and tooth loss by self
report, or did not adjust important confounders such as smoking, and none of these studies
investigated total cancer death in the general US population.

Given that 42% of dentate US adults aged 30 years and older have mild or worse periodontal
disease (7.8% severe)8 9 and that 4.9% of those 15 years and older are edentulous® 9, and
given the substantial cancer burden® 9, the influence of periodontal disease and edentulism
on cancer mortality should to be investigated in general populations. Using the National
Health and Nutrition Examination Survey (NHANES) 111, a US nationally representative
sample of non-institutionalized Americans, and its linked mortality data, we evaluated the
association of clinically-assessed periodontal disease and edentulism with total cancer
mortality in participants aged 40 and older without a prior cancer diagnosis. We
hypothesized that participants with periodontal disease or edentulism, would have a higher
risk of cancer death even after taking into account social factors and shared risk factors for
periodontal disease and cancer.

Materials and Methods

Study population

NHANES is a series of cross-sectional studies conducted by the National Center for Health
Statistics of the US Centers for Disease Control and Prevention. The present analysis
included data from participants in NHANES 111, which was conducted from 1988-1994 at
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https://wwwn.cdc.gov/nchs/nhanes/nhanes3/Default.aspx10. NHANES 111 utilized a
multistate stratified probability sample with oversampling of Hispanics, non-Hispanic
Blacks and the elderly to allow for more precise estimates in these subgroups. NHANES
sample weights were calculated to represent the non-institutionalized general US population
and to account for non-coverage and non-response. The National Center for Health Statistics
received Institutional Review Board (IRB) approval and documented consent was obtained
from participants in NHANES I11. We used NHANES Il public use data for this analysis.

Measurement and classification of periodontal disease and edentulism

Participants aged =13 years were eligible for the NHANES Il clinical dental examination if
they had at least one natural tooth and did not have any heart problems or other conditions
that require antibiotics before a dental examination. A dentist performed the standardized
dental examination and measured periodontal health around the teeth of one upper quadrant
and one lower quadrant randomly selected at the beginning of each examination. The
distance from the free gingival margin to the bottom of the sulcus and the distance from the
free gingival margin to the cemento-enamel junction were recorded at the mesio-facial and
mid-facial aspects of each tooth. Periodontal attachment loss was computed from the above
measurements to represent the distance from the cemento-enamel junction to the bottom of
the sulcus.

For analysis, we classified participants with respect to periodontal disease using two
definitions: NHANES and the Centers for Disease Control/American Academy of
Periodontology (CDC/AAP) definitions. The NHANES definition of periodontal disease,
previously used in other studies utilizing NHANES I11 datall: 12 is the presence (versus
absence) of one or more periodontal sites with both an attachment loss (AL) of >3 mm and
probing depth (PD) of >4 mm. In the CDC/AAP definition13, no periodontitis was defined as
no evidence of mild, moderate, or severe periodontitis. Mild periodontitis was defined as =2
interproximal sites with AL >3 mm, and =2 interproximal sites with PD =4 mm (not on the
same tooth) or 1 site with PD =5 mm. Moderate periodontitis was defined as =2
interproximal sites with AL =4 mm (not on the same tooth), or =2 interproximal sites with
PD =5 mm (not on the same tooth). Severe periodontitis was defined as =2 interproximal
sites with AL 26 mm (not on the same tooth), and =1 interproximal site with PD =5 mm. We
used both definitions to allow for comparisons among studies using these definitions and
because the definitions capture different aspects and extents of periodontal disease. For both
the NHANES and CDC/AAP definitions, edentulism was defined as not having any natural
teeth remaining.

Measurement of total cancer mortality

NHANES 111 participants were followed passively until December 31, 2015 using multiple
data sources, including death certificates and probability matching with the National Death
Index to ascertain vital status and cause of deathl4. For total cancer mortality, we included
deaths from malignant neoplasms. Site-specific cancer cause of death is not released in the
public use dataset.
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Measurement of covariates

Information on age, race/ethnicity, education, annual family income, cigarette smoking, type
Il diabetes mellitus, and health insurance coverage was collected by standardized in-home
interview. Body height, body weight, fasting glucose, and glycated hemoglobin were
measured during a mobile medical examination center visit. We categorized race/ethnicity as
non-Hispanic White, non-Hispanic Black, Mexican-American, and the other race/ethnicity.
Attained education was categorized as less than high school, high school, and above high
school. Annual family income was categorized as <$25,000, $25,000-$74,999, and >
$74,999. Cigarette smoking was categorized as never (men who smoked fewer than 100
cigarettes during their lifetime), former (men who smoked at least 100 cigarettes in their
lifetime and reported that they now smoke “not at all”’), and current smokers (men who
smoked at least 100 cigarettes in their lifetime and reported they now smoke “every day” or
“some days”). Number of pack years was calculated from smoking duration and number of
cigarettes smoked per day for former smokers and current smokers. Health insurance
coverage was categorized as covered and not covered. We categorized diabetes status as non-
diabetic (no physician diagnosis of diabetes), pre-diabetic (no physician diagnosis of
diabetes, and fasting glucose between 100 and 125 mg/dL or glycated hemoglobin between
5.7 and 6.4%), and diabetic (physician diagnosis of diabetes, or fasting glucose >125 mg/dL,
or glycated hemoglobin >6.4%). Body mass index (BMI) was calculated from weight and
height (kg/m?).

Statistical analysis

A total of 17,147 participants had the dental examination, and either had periodontal health
assessed or were edentulous. We excluded 8,883 participants <40 years old because they
have a low risk of cancer (only 1 person with edentulism and 3 people with severe PD died
of cancer among those who were aged 18-40 years), and to reduce the likelihood of residual
confounding by age and by birth cohort-related secular trends in periodontal disease,
edentulism, and cancer. However, in a sensitivity analysis, we ran the analysis beginning
follow-up at age 18. We also excluded 915 participants with prior cancer diagnosis, 179
participants with extreme BMI (<18.5 or >50 kg/m?2) and 1,136 participants with missing
characteristics (height, weight, income, education, cigarette smoking, pack years, diabetes
status, and health insurance coverage). Thus, 6,034 participants were included in the
analysis.

Descriptive statistics were used to summarize characteristics of the analytic population.
NHANES 11l computed person-time of follow-up for each participant from the date of the
baseline examination and questionnaire to the date of cancer death, or the end of follow-up
(December 31, 2015), whichever came first. To evaluate the association of periodontal
disease and edentulism with cancer mortality, we used Cox proportional hazards regression
to estimate hazard ratios (HRs) and 95% confidence intervals (Cls) of cancer mortality. We
used age at NHANES 111 examination as the time scale. The reference group was
participants without either periodontal disease per NHANES (or the CDC/AAP) definition
or edentulism. In Model 1, we adjusted for age in years (continuous), sex (male, female),
and race/ethnicity (non-Hispanic White, non-Hispanic Black, Mexican-American, other
race/ethnicity), in Model 2 we further adjusted for BMI (continuous), smoking status (never,
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former, current), pack-years (continuous), and diabetes (non-diabetic, pre-diabetic, diabetic),
and in Model 3 we further adjusted for education (<high school, high school, >high school),
annual family income (<$25000, $25000-$74999, >$74999), and health insurance (covered
and not covered). We repeated these analyses separately among non-diabetics, and stratified
by sex (male, female), race/ethnicity (non-Hispanic White, non-Hispanic Black, Mexican-
American), BMI (normal weight 18.5-24.9 kg/m?, overweight/obese =25 kg/m?), cigarette
smoking history (ever, never), and median age (age <54.8 y, age =54.8 y). We tested for
interaction using the Wald test. The Cox proportional hazards models all satisfied the
proportionality of hazards assumption. All statistical analyses were survey weighted and
performed with Stata version 14 (Stata Corp., TX, USA). Statistical tests were two-sided,
and a Pvalue of less than 0.05 was considered to be statistically significant.

Data availability

Results

We used data from participants in NHANES |11, conducted from 1988-1994, and is
available at https://wwwn.cdc.gov/nchs/nhanes/nhanes3/Default.aspx19. NHANES I11
participants were followed passively until December 31, 2015 for mortality data using
multiple data sources, including death certificates and probability matching with the
National Death Index to ascertain vital status and cause of death14. The data we used are
publicly available; the analytic datasets used for the analyses will be made available upon
reasonable request.

Characteristics of the 6,034 participants are presented in Table 1 for the NHANES
definition, and Supplement Table 1 for the CDC/AAP definition of periodontal disease,
overall and by periodontal disease and edentulism. The weighted prevalences of periodontal
disease and edentulism were 15% and 17%, respectively. Participants with periodontal
disease were more likely to be older, male, non-Hispanic Black or Mexican-American,
uncovered by health insurance, less educated, a former/current smoker with higher pack-
years smoked, and pre-diabetic/diabetic, regardless of the definition used. They were also
more likely to have lower annual family income. Participants with edentulism were more
likely to be older, female, non-Hispanic White, covered by health insurance, less educated, a
former/current smoker with higher pack-years smoked, and pre-diabetic/diabetic, regardless
of the definition used. They were also more likely to have a lower annual family income.

NHANES definition

Using the NHANES definition, the Kaplan-Meier estimated crude cumulative risks of cancer
mortality from baseline through 2015 were (Figure 1): 35.4% in dentate participants without
periodontal disease, 32.4% in participants with periodontal disease, and 48.8% in
participants with edentulism. Periodontal disease was not significantly associated with
cancer mortality compared to no periodontal disease/dentate overall (Models 1 — 3; Table 2),
in subgroups stratified by sex (Table 2), race/ethnicity (Table 3), BMI (Supplement Table 2),
median age (data not shown), or in participants without diabetes (Supplement Table 3).
Periodontal disease was not associated with cancer mortality in ever cigarette smokers, but
we could not rule out an association in never smokers (Supplement Table 4).
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Compared with no periodontal disease/dentate, edentulism was associated with an increased
risk of cancer mortality, including after adjustment for demographics, lifestyle factors, and
education, annual family income, and health insurance coverage (Model 3: HR = 1.50, 95%
Cl =1.12 to 2.00; Table 2). The positive association between edentulism and cancer
mortality was apparent in men (Model 3: HR = 1.62, 95% CI = 1.05 to 2.48) and women
(Model 3: HR = 1.43, 95% CI = 0.92 to 2.22; P-interaction = 0.19; Table 2), in non-
Hispanic White (Model 3: HR = 1.51, 95% CI = 1.08 to 2.13; Table 3), non-Hispanic Black
(Model 3: HR = 1.53, 95% CI = 1.00 to 2.33; Table 3), and in Mexican-American (Model 3:
HR =1.90, 95% CI = 0.91 to 3.98; A-interaction = 0.58; Table 3) participants, and in
younger and older participants (data not shown). There was no difference when stratifying
by median age (data not shown). The positive association between edentulism and cancer
mortality was observed in overweight/obese participants but not participants with normal
BMI (Supplement Table 2; A-interaction = 0.66), in pre/diabetic participants but possibly
only weakly in participants without diabetes (Supplement Table 3; P-interaction = 0.07), and
in ever cigarette smokers but not never cigarette smokers (Supplement Table 4; P-interaction
= 0.059). Figure 2 and 3 show the forest plots of association of periodontal disease and
edentulism with total cancer mortality overall and by subgroups.

CDC/AAP definition

Using the CDC/AAP definition, the Kaplan-Meier estimated crude cumulative risks of
cancer mortality from baseline through 2015 were (Figure 4): 33.3% in dentate participants
with no periodontal disease, 18.6% in participants with mild periodontal disease, 42.3% in
participants with moderate periodontal disease, 38.1% in participants with severe
periodontal disease, and 48.8% in participants with edentulism. Periodontal disease was not
significantly associated with cancer mortality compared to no periodontal disease/dentate
overall (Models 1 — 3; Table 2), in subgroups stratified by sex (Table 2), race/ethnicity
(Table 3), BMI (Supplement Table 2), median age (data not shown), in participants without
diabetes (Supplement Table 3), or in never smokers (Supplement Table 4). The positive
associations for edentulism observed using the NHANES definition were also observed
when using the CDC/AAP definition and comparing to no periodontal disease/dentate
(overall, Table 2; in men and women, Table 2, P-interaction = 0.32; in each racial/ethnic,
Table 3, P-interaction =0.50; in overweight/obese participants, Supplement Table 2, A
interaction = 0.30; in pre/diabetic participants, Supplement Table 3, ~-interaction = 0.049; in
ever cigarette smokers, Supplement Table 4, P-interaction = 0.72; in each age group, data not
shown).

Sensitivity analysis

When censoring follow-up at 11.0 years or at the median of 21.3 years, the patterns of
association for periodontal disease (null) and edentulism (positive) remained (Supplement
Table 5). When starting follow-up at age 18, the HRs for periodontal disease defined by
NHANES definition (HR=1.09, 95% CI = 0.83 to 1.44) and edentulism (HR=1.53, 95% ClI
= 1.15 to 2.04) were slightly higher than in the main analysis (Supplement Table 6).
Similarly, the HRs for severe periodontal disease defined by CDC/AAP definition
(HR=1.49, 95% CI = 0.77 to 2.89; P-trend = 0.27) and edentulism (HR=1.58, 95% Cl = 1.17
to 2.14) were slightly higher than in the main analysis (Supplement Table 6). When using
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the Atherosclerosis Risk in Communities (ARIC) definition as done previously in Michaud
et al.3, results were comparable to the main analysis (data not shown).

Discussion

To our knowledge, this is the first study conducted on periodontal disease, edentulism, and
total cancer mortality adjusting for social factors and shared risk factors for cancer and
periodontal disease that used a standardized clinical dental examination in a nationally
representative population. We observed an increased risk of total cancer mortality in
participants with edentulism, but not periodontal disease, at baseline compared to those
without periodontal disease and were dentate. Associations for edentulism were stronger in
participants with shared risk factors for periodontal disease and cancer — those who were
overweight/obese, pre/diabetic, and ever cigarette smokers, suggesting that these factors
interact to increase risk of cancer mortality. Edentulism was associated with cancer mortality
in non-Hispanic White, non-Hispanic Black, and Mexican-American participants,
participants in the 40-54.8 age range, and participants =54.8 years old.

Previous studies have investigated the association between periodontal disease and cancer
incidence and mortality. The increase risk of total cancer incidence associated with
periodontal disease ranged between 14% and 24% in four prospective studies controlling for
smoking, despite substantial differences in periodontal disease assessment and study
populations®: 5 15.16_|n the ARIC cohort, Michaud et al. reported a non-statistically
significant positive association using the CDC-AAP definition between periodontal disease
severity and total cancer mortality (P-trend = 0.07) and an increased risk of total cancer
death for those with edentulism (HR = 1.49, 95% CI = 1.12 to 1.99), compared to those with
no periodontitis and were dentate3. However, when using the ARIC definition, both severe
periodontal disease and edentulism were statistically significantly positively associated with
cancer mortality3. In the current NHANES 111 study, we adjusted for a similar array of
shared risk factors for cancer and periodontal disease, including smoking and social factors.
The findings for periodontal disease, edentulism and cancer mortality in the current
NHANES analysis are consistent with those from ARIC when using the CDC/AAP
definitions. However, our observation of a positive association between edentulism and total
cancer mortality in non-Hispanic Black participants using both the NHANES and CDC/AAP
definitions differs from the null association in Black participants in ARIC using the
CDC/AAP definitions. The discrepancy remained even when both of NAHENS study and
the ARIC study used ARIC definition for periodontal disease.

Both Michaud et al.3 and the current study each used two definitions of periodontal disease
(ARIC study: Centers for Disease Control and Prevention/American Academy of
Periodontology [CDC/AAP] and ARIC definitions; NHANES study: NHANES and
CDC/AAP definitions). We used two definitions to allow for comparisons among studies
using these definitions (e.g., compare the current study with Michaud et al. when using the
CDC/AAP definition) and because the definitions capture different aspects and extents of
periodontal disease. We observed some subtle differences in associations between the
definitions. For example, in NHANES 111 in non-Hispanic Black participants, association for
edentulism (HR = 1.68, 95% CI 1.03 to 2.74) using the CDC/AAP definition for no
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periodontal disease in those who are dentate as the comparison group appeared to be slightly
stronger than edentulism (HR = 1.53, 95% CI = 1.00 to 2.33) using the NHANES definition
for no periodontal disease in those who are dentate as the comparison group. Observing such
possible differences highlights the need to better understand how different definitions reflect
underlying true periodontal health and biological mechanisms, and their associations with
unmeasured confounders or different extents of residual confounding by known risk factors.

A subset of the NHANES |11 data with follow-up through 2006 that we used were used
previously to investigate the association between periodontal disease and orodigestive cancer
mortalityl?, finding a twofold increased risk among those with moderate (RR = 2.22, 95%
Cl =1.11 to 4.46) and aggressive periodontitis (RR = 2.64, 95% CI = 0.85 to 8.23; A-trend =
0.01), compared with those with no periodontitis'’; edentulism was not studied. Because the
public use data for follow-up through 2015 that we used does not provide site specific cancer
cause of death and because NHANES does not conduct active follow-up for incidence, we
could not investigate with longer follow-up the prior NHANES finding on orodigestive
cancer mortality, or the previously observed positive associations for periodontal disease and
risks of pancreatic and lung cancers® 7- 18 19 or the less consistent possible associations for
breast, colorectal, other cancers® 7+ 20-22 found in other studies.

Because of the richness of the NHANES 111 data, we were able to adjust for cancer risk
factors that are also risk factors for periodontal disease and edentulism, including smoking,
obesity, and diabetes. While the associations for edentulism were substantially attenuated
when adjusting for these factors, they nevertheless persisted. Because of concerns about
confounding by social factors including education, income, and health insurance coverage,
we additionally adjusted for these, and observed only modest attenuation of the association
for edentulism. Nevertheless, we cannot rule out residual confounding by these factors.

We observed possibly stronger associations for edentulism in men than in women, and
associations that were largely restricted to those with shared risk factors for periodontal
disease and cancer, including in those who are overweight/obese, pre/diabetic, or ever
cigarette smokers. At least three explanations for these findings are possible. First, because
we studied total cancer mortality, it is possible that these differences are due, at least in part,
to different compositions of site-specific cancer deaths in those subgroups. For example for
sex, in the ARIC study, Michaud et al. found that edentulism was associated with total
cancer incidence and mortality only in men, and for incidence noted that the edentulism
association for colorectal cancer was similar in men and women, but that the edentulism
association for lung cancer was substantially stronger in men3. These observations suggest
that different proportions of cancer sites in men in women could explain some of the
difference in strength of the association between edentulism and total cancer by sex. Second,
these stratum-specific differences may also be explained by biological interaction between
the factors that lead to edentulism and the shared risk factors. Third, the number of events
tended to be larger among those with the shared risk factors, increasing the ability to detect
associations with precision. In those without shared risk factors, associations tended to be
null or less consistent; for example, in never smokers, periodontal disease using the
NHANES definition was inversely associated while severe periodontal disease using the
CDC/AAP was not associated with cancer mortality.
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Although periodontal disease was measured clinically and we used two definitions to define
periodontal disease, these may still be imperfect. The NHANES |11 dental examination did
not measure the periodontal health of all teeth, only one upper and one lower quadrant, and
thus both the NHANES and CDC/AAP definitions may not have identified all participants
who truly had periodontal disease, the effect of which would be to underestimate any
positive association. More recent NHANES cycles assessed all teeth?, and report a higher
age-specific prevalence of periodontal disease than NHANES I11. We did not use the more
recent NHANES cycles because the follow-up time is relatively short for cancer. In addition,
we treated periodontal disease and edentulism as fixed exposure due to the design of
NHANES 111 (cross-sectional) linked with mortality passive follow-up. Periodontal disease
status or severity and edentulism could have changed during the long follow-up time, given
that the dental examination predated cancer diagnosis by a median of 21.3 years. We expect
that this possible source of misclassification of periodontal disease and edentulism could
attenuate their associations with cancer death toward the null, which could account for the
null associations that we observed for periodontal disease. We attempted to reduce that bias
by excluding those who were eligible for and had the dental examination who were 13 to 40
years old. In one sensitivity analysis, we ended follow-up earlier and still noted a positive
association for edentulism, but no association for periodontal disease. In another sensitivity
analysis, we started follow-up at age 18. The slightly higher HRs for periodontal disease and
edentulism as compared to the main analysis may due to residual confounding by age.

We studied edentulism as a common consequence or treatment for severe periodontal
disease, and by doing so, assumed that edentulism marks biological pathways underlying
periodontitis that are also etiologically relevant for carcinogenesis. However, edentulism can
result from other reasons®. Thus, it is possible that the positive association between
edentulism and cancer mortality, may be due to factors unrelated to periodontal disease.
However, despite adjusting for numerous lifestyle and social factors, we cannot rule out
residual confounding of the overall association between edentulism and cancer mortality by
the factors we adjusted for or by unmeasured confounders. We took into account modifiable
cancer risk factors that are also risk factors for periodontal disease and edentulism by both
adjustment and stratification. Associations tended to be stronger in those with the shared risk
factors, suggesting their interaction. We attempted to take into account social factors by
adjusting for education, family income, and health insurance coverage. These social factors
were assessed at the time of the dental examination and may not capture earlier life social
factors and their correlates that may be linked with both edentulism and cancer.

Strengths of this study include the prospective design, the approximate 20-year follow-up
since the dental examination, and the completeness of passive follow-up for cancer death. In
addition, we studied a US nationally representative sample, increasing the likelihood that the
findings are generalizable. We used data to classify periodontal disease from a standard
dental examination performed by licensed dentists specially trained in the use of specific
epidemiologic indices for oral health, reducing measurement error as compared to self-
reported periodontal disease. The dental examination was performed as part of the NHANES
protocol and not based on access to care, reducing selection bias.
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In summary, in this US nationally representative population aged 40 and older, participants
with edentulism, but not periodontal disease, had a higher risk of cancer death, especially in
those with shared risk factors for periodontal disease and cancer. This study supports the
growing literature on the importance of dental health for cancer prevention and control and
suggests the need for investigation of the mechanisms underlying these associations we and
others have observed.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Abbreviations:

NHANES National Health and Nutrition Examination Survey

CDC/AAP Centers for Disease Control/American Academy of Periodontology
AL attachment loss

PD probing depth

BMI body mass index

HR hazard ratio

Cl confidence interval

ARIC Atherosclerosis Risk in Communities
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Novelty and Impact:

This is the first study conducted on periodontal disease, edentulism, and total cancer
mortality adjusting for social factors and shared risk factors for cancer and periodontal
disease that used a standardized clinical dental examination in a nationally representative
population. Participants with edentulism, but not periodontal disease, had a higher risk of
cancer death even after taking into account demographics, shared risk factors, and social
factors in the US nationally representative population aged 40 and older.
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Figure 1.
Kaplan-Meier Plot Using NHANES Definition for Periodontal Disease
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Figure 2.

Forest Plot of Overall and Stratum-Specific Hazard Ratios of Total Cancer Mortality
Comparing No Periodontal Disease to Periodontal Disease
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Forest Plot of Overall and Stratum-Specific Hazard Ratios of Total Cancer Mortality
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Kaplan-Meier Plot Using CDC/AAD Definition for Periodontal Disease
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Figure 4.
Kaplan-Meier Plot Using CDC/AAP Definition for Periodontal Disease
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Weighted Characteristics of Participants Overall and across NHANES Definitions of Periodontal Disease and
Edentulism, 6,034 Participants =40 Years Old in NHANES me

No Periodontal Disease

Periodontal Disease

Overall (n=6,034) (n=3,735) (n=1,147) Edentulism (n=1,152)
Age, mean (SD), year 56.7 (12.5) 54.5(11.2) 56.0 (12.6) 66.1 (12.7)
Male (%) 48.4 46.6 61.5 44.2
Body mass index, mean (SD), kg/m? 274 (5.1) 27.3 (4.8) 27.7 (5.5) 27.7 (5.8)
Race (%)
Non-Hispanic White 80.1 81.3 70.2 84.1
Non-Hispanic Black 10.1 8.5 17.3 10.0
Mexican-American 3.5 3.7 4.7 14
Other race/ethnicity 6.4 6.5 7.8 4.60
Health insurance (%)
Covered 96.8 96.9 95.5 97.5
Education (%)
<High school 14.3 9.4 15.0 335
High school 46.4 43.7 51.8 52.4
>High school 39.4 47.0 33.2 14.1
Income (%), dollars
<16,000 20.0 14.3 23.2 40.2
16,000-39,999 35.6 34.7 37.9 37.1
>39,999 44.4 51.0 38.9 22.7
Pack-years, mean (SD) 15.0 (24.8) 11.5(20.0) 19.1 (28.3) 25.2 (36.4)
Cigarette smoking status (%)
Never 44.8 50.6 31.3 33.6
Former 335 32.0 34.3 38.9
Current 21.7 175 344 275
Diabetes (%)
No diabetes 53.3 57.6 49.7 39.2
Pre-diabetes 34.0 322 35.6 40.0
Diabetes 12.7 10.3 14.7 20.8

aSD = standard deviation

a . . . .
Assessed one upper quadrant and one lower quadrant. One or more periodontal sites with both an attachment loss of =3 mm and probing depth of

>4 mm
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