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Abstract

Purpose—Severe periodontal disease and edentulism have been previously reported to be 

significantly associated with cancer risk and mortality, including in the Atherosclerosis Risk in 

Communities (ARIC) Study (2018); however, complex sources of confounding by socioeconomic 

status (SES), and characteristics correlated with SES, could have been present in earlier analyses.

Methods—To capture lifecourse SES and its correlates, we generated a propensity score and 

included it, along with other potential confounders such as smoking and obesity, into a Cox 

regression model to examine the association between periodontal disease and cancer risk. In 

addition, we stratified the model with the propensity score by low and high SES. All statistical 

tests were two-sided.

Results—Compared to our previous study, the associations for severe periodontitis and cancer 

incidence remained comparable after weighting by the propensity score (e.g., for total cancer: 

before weighting, HR =1.24, 95% CI =1.07–1.42 vs. after weighting, HR=1.23, 95% CI = 1.05–

1.44 when comparing severe periodontitis to no or mild periodontitis). Associations were 

comparable in low and high SES strata and statistically significant among participants with high 

SES.
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Conclusions—Complex sources of confounding by SES and its correlates are unlikely to fully 

account for the positive associations observed for periodontal disease and edentulism and cancer 

risk.
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Background

Severe periodontal disease and edentulism have been previously reported to be significantly 

associated with cancer risk and mortality (1–3), including in the Atherosclerosis Risk in 

Communities (ARIC) Study (4). Periodontal disease is more common in populations with 

low socioeconomic status (SES) and poor dental care (5), and those with low SES have more 

cancer risk factors and are less likely to be screened for cancer (6). After adjusting for 

lifecourse SES in the ARIC study, we observed that severe periodontal disease as measured 

with a dental examination and self-reported edentulism were associated with increased total, 

lung, and colorectal cancer incidence and cancer mortality (4); however, complex sources of 

confounding by SES or its correlates, such as neighborhood factors and access to and uptake 

of medical and dental care, could still be present.

Evaluating causality for periodontal disease and cancer requires careful consideration of 

confounding bias. Thus, to rule out potential confounding by complex factors linked to SES, 

we re-examined the association in the ARIC study weighting by a propensity score 

generated from lifecourse SES, neighborhood income, and access to and uptake of routine 

medical and dental care. We then compared the SES-independent associations with those we 

previously published (4).

Methods

Study design

Data were derived from the ARIC study, a prospective cohort of 15 792 participants aged 44 

to 66 years recruited between 1987 and 1989 from Jackson, Mississippi; Washington 

County, Maryland; Minneapolis, Minnesota; and Forsyth County, North Carolina (7, 8). For 

this analysis, we used the same subset of participants in our previous study (4). Briefly, men 

and women participating in the dental examination, taking place in visit 4 (1996–1998) or 

who self-reported being edentulous at visit 4, who did not have a history of cancer by visit 4, 

and who did not restrict consent to cardiovascular diseases were included in this study. The 

final eligible sample was 6056 participants who underwent the dental examination and an 

additional 1410 participants who reported being edentulous and did not undergo the dental 

examination. Participants who were not white or black were removed from this analysis as 

the numbers were very small. Information about cancer ascertainment in ARIC has been 

described previously (9).
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Lifecourse socioeconomic status (SES) and associated factors

Individual lifecourse SES for participants in this cohort was calculated using 12 variables: 

parental education (<8th grade; 8th grade; >8th grade), parental occupation (manual/

nonmanual), parental occupation role (managerial yes/no), parental home ownership, 

education (<high school; high school graduate; >high school), young adulthood (age 30 

years) occupation (manual/nonmanual), young adulthood occupational role (managerial yes/

no), young adulthood home ownership, older (45–64 years) adulthood income (<$25,000; 

$25–34,999; ≥$35,000), older adulthood occupation (manual/nonmanual), older adulthood 

occupational role (managerial yes/no), and older adulthood home ownership. Lifecourse 

SES was calculated from these variables as done previously in ARIC (10). For classification 

purposes, lifecourse SES was considered “low” when the score was less than 8/15, and 

“high” when the score was ≥8/15 points; the childhood SES cutpoint for high was set at 

≥3/5. Other factors known to be associated with SES and available for this analysis included: 

typical frequency of routine medical examinations, health insurance status, usual type of 

health insurance, type of medical care, having a dentist, frequency of dental care, last time of 

dental visit, and neighborhood income, which was estimated by linking participants’ address 

to the US Census tract data using geocoding (11).

Periodontal disease classification

For this analysis, we used the same classifications of periodontal profiles as the ones used in 

our previous study (4); two classification criteria were used as there is considerable 

discrepancy on how to classify periodontal disease in population studies, and the different 

classifications can provide different information about disease status and progression. The 

classifications used were: 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 pocket depth 

measurements (12); and 2) the definition based only on clinical attachment level 

measurements (ARIC definition) (13). These definitions are described in detail in Table 1. 

We also used self-reported edentulism at visit 4 in all the analyses (these participants did not 

undergo the ARIC dental examination).

Measurement of potential confounders

Detailed data on demographic (age, race, education), behavior and medical conditions were 

obtained at baseline and during follow-up visits. Data from visit 4 or earlier visits were used 

to adjust for confounding. Weight and height were measured by trained staff at each visit 

and were used to estimate body mass index (BMI in kg/m2). Data on smoking status, years 

of smoking before baseline, and number of cigarettes smoked per day at baseline and at each 

visit were used to calculate number of pack-years smoked at visit 4. Alcohol drinking was 

derived from the interview at each visit and was categorized as never, former, or current 

drinker at visit 4. To define diabetes mellitus status at visit 4, we used data on a physician 

diagnosis of diabetes, pharmacologic treatment for diabetes, fasting glucose (each visit), and 

glycated hemoglobin (visit 2 only). If participants were fasted for less than 8 hours at a visit, 

the prior visit fasting glucose measure was carried forward. Participants who reported a 

physician diagnosis or treatment at any visit were considered to have diagnosed diabetes. 
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Among participants who did not have a diagnosis of diabetes, participants with fasting 

glucose ≥126 mg/dL at any visit or glycated hemoglobin ≥6.5% at visit 2 were considered to 

have undiagnosed diabetes. Among participants who did not have diagnosed or undiagnosed 

diabetes, participants with fasting glucose of 100 to <126 mg/dL at visit 4 were considered 

to be prediabetic (at risk for diabetes); and otherwise were considered to not have diabetes or 

be at risk for diabetes. Women who reported use of hormone replacement therapy (HRT) at 

any assessment (visits 1, 3, and 4; yes or no) were categorized as HRT users.

Statistical Analysis

Cox proportional hazards regression was used to estimate the association of periodontal 

disease severity and edentulism with cancer incidence and mortality, expressed as hazard 

ratios (HRs) and 95% confidence intervals (CIs), adjusted for known or suspected cancer 

risk factors (age, field center and race, smoking, BMI, diabetes status, alcohol drinking). We 

addressed the possibility of confounding by lifecourse SES, and factors associated with SES, 

by weighting the Cox model by the robust variance of the propensity score (14–16). To do 

so, first, we modeled the association between severe periodontal disease/edentulism and 

lifecourse SES and variables correlated with SES (neighborhood income, health insurance 

status, frequency of routine physical examination, having a dentist, frequency of routine 

dental visit, last time of dental visit) using multinomial logistic regression to predict the 

propensity score for each participant. We confirmed the positivity assumption of the use of 

the propensity score. Then, we added the robust variance of the propensity score as a weight 

in the Cox model that included terms for severity of periodontal disease (using the 2 

definitions), and edentulism, age, field center by race, smoking, BMI, diabetes status, 

alcohol drinking and hormone use among women. Propensity scores have been used 

previously to control for confounding in ARIC (17). We also generated propensity scores 

separately among participants with low (<8/15 points) and high (≥8/15 points) lifecourse 

SES as we did for the main analysis but excluding lifecourse SES, and then stratified the 

propensity score weighted Cox model by low (<8/15 points) and high (≥8/15 points) 

lifecourse SES. All statistical analyses were performed using SAS 9.4 (Cary, NC). Statistical 

tests were two-sided, and a p <0.05 was considered statistically significant. In comparing 

point estimates before and after propensity score weighting, a difference >10% was 

considered “stronger” or “weaker” (depending on direction of change) and a change < 10% 

was considered similar as is conventional when considering the influence of potentially 

confounding factors.

Results

Distribution of lifecourse SES and other characteristics used to generate the propensity score 

by periodontal disease severity and edentulism are reported in Table 2 (other demographic 

and behavioral characteristics distributions by periodontal disease were previously described 

elsewhere (4)). As expected, periodontal disease severity and edentulism were associated 

with most of the factors that were included in the propensity score; for example, 23.6% of 

participants with severe periodontal disease did not have a dentist compared with 5.4% of 

participants with no or mild periodontal disease (ARIC definition).
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CDC/AAP classification

Compared to our previous study (4), after weighting by the propensity score, the 

associations between severe periodontitis/edentulism and total cancer incidence remained 

similar (Table 3). The only finding that differed in this analysis, compared to the earlier 

study, was for cancer deaths, where the association with mild periodontitis shifted from null 

to positive after weighting by the propensity score (HR=1.71, 95% CI=0.83 to 3.51 [Table 3] 

vs HR=0.97, 95% CI=0.64 to 1.47 (4)), however, the observed association was not 

statistically significant and may have occurred by chance.

The association between severe periodontitis and colorectal cancer was also slightly stronger 

and statistically significant after weighting by the propensity score (HR=1.77, 95% CI=1.03 

to 3.05 vs HR=1.51, 95% CI=1.09 to 2.52 (4)).

To further evaluate whether SES and correlated factors could have biased our main results, 

we examined those participants with the lowest propensity scores (i.e., those whose oral 

health was the least correlated with SES and correlated factors). For these analyses, 

participants falling in the lowest 25th percentile of the propensity score were examined 

separately. Edentulism remained associated with cancer incidence (HR=2.32, 95% CI 1.08 

to 5.00), lung cancer and cancer mortality although the latter two associations were not 

statistically significant due to small numbers (data not shown). Numbers of cases were too 

small to examine associations with periodontal disease.

“ARIC” definition

When the “ARIC” definition was used, the associations for total cancer incidence and cancer 

death remained comparable and consistently statistically significant after weighting by the 

propensity score. The association between edentulism and colorectal cancer remained 

similar after weighting by the propensity score (HR=2.04, 95% CI=1.22 to 3.41 [Table 3] vs 

HR=1.89, 95% CI=1.17 to 3.05 (4)). Similarly, the point estimates were comparable for 

severe periodontitis and lung cancer (HR=2.17, 95% CI=1.42 to 3.33 [Table 3] vs HR=2.33, 

95% CI=1.51 to 3.60 (4)), as well as between edentulism and lung cancer (HR=2.83, 95% 

CI=1.75 to 4.59 [Table 3] vs HR=2.60, 95% CI=1.65 to 4.08 (4)).

SES Stratification

After stratifying the study population by SES status, the results for the two definitions of 

periodontal disease with total, colorectal, and lung cancer incidence and cancer mortality in 

both the high and low SES strata remained generally consistent with the main results (Table 

4 vs Table 3), although we noted a small number of differences in patterns of association. 

Using the CDC-AAP definition, the positive association between severe periodontal disease 

and cancer death was present in the high SES, but not the low SES stratum. However, the 

positive association was present in both SES strata when using the ARIC definition, and the 

positive association for edentulism and cancer mortality was similar in both SES strata.

The associations between severe periodontitis and colorectal cancer risk in the high 

(HR=1.64, 95% CI 0.90 to 2.99) and low (HR=2.21, 95% CI 0.87 to 5.61) SES strata were 

both elevated, but somewhat stronger in the lower SES strata. For lung cancer, the 
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associations for severe periodontitis were similar among those with high SES (HR=1.72, 

95% CI 1.03 to 2.88) and low SES (HR=1.91, 95% CI 0.74 to 4.96), although only the 

association in the high SES strata was statistically significant (Table 4).

We further conducted a stratified analysis to examine if there were differences by childhood 

SES, as low childhood SES could potentially have a lasting impact on oral health over the 

life course. Although the results did not differ substantially by childhood SES strata for total 

cancer incidence and mortality, we did note that the associations were stronger in the low 

childhood SES strata for severe periodontal disease and colorectal cancer (low SES: 

HR=1.93, 95% CI 0.94 to 3.95 vs high SES: HR=1.07, 95% CI 0.53 to 2.19, original ARIC 

definition), as well as for lung cancer (low SES: HR=2.90, 95% CI 1.31 to 6.40 vs high SES: 

HR=1.70, 95% CI 0.93 to 3.09, original ARIC definition), suggesting potential effect 

modification by childhood SES; however, tests for interaction were not statistically 

significant. Similar patterns across childhood SES strata for colorectal cancer and lung 

cancer were observed for edentulism (data not shown).

Discussion

The aim of this study was to investigate if the association between periodontitis and cancer 

is confounded by lifecourse SES and associated factors. Overall, we observed only modest 

changes in the hazard ratios for total cancer, colorectal and lung cancer, when compared to 

the results of our previous ARIC study.

Socioeconomic status (SES) is a well-known risk indicator for chronic periodontitis (18–21), 

and has also been shown to be a strong predictor of tooth loss, and progression of attachment 

loss, independently of C-reactive protein (CRP), in a longitudinal population-based study 

(22). The strong correlations between SES, health and dental care access, and oral health 

were apparent in the ARIC cohort (Table 2), indicating that these factors, also related to 

cancer risk, could potentially be strong confounding factors. The study strengths included 

detailed data on lifecourse SES, and other correlates of SES, to develop a propensity score to 

more accurately take into account these factors.

Although we detected some suggestion of effect modification by childhood SES on the 

associations between periodontal disease, edentulism and cancer risk, especially for lung and 

colorectal cancers, we had limited power to formally test for interactions. These 

observations deserve to be followed-up with additional research given the potential impact 

for identification of individuals at higher risk, and also to better understand the underlying 

mechanisms. In this study we had limited power to evaluate upward (or downward) SES 

mobility due to small numbers in those strata, however, more research on lifecourse 

trajectories may also shed light on the associations with periodontal disease and cancer.

As in every study, the present study has some limitations. Weighting by propensity scores 

should reduce confounding by SES. However, the generation of the propensity score is 

dependent on the included variables and their appropriate specification. Thus, residual 

confounding by SES of the association between periodontal disease/edentulism and cancer 

cannot be ruled out completely. In addition, confounding bias by unmeasured factors, such 
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as genetic susceptibility, may still explain the positive associations between periodontal 

disease and cancer risk in this population, preventing us from making direct causal 

inference. However, it is worthwhile keeping in mind that the unmeasured confounder would 

have to be strongly associated with both exposure and outcome to account for the hazard 

ratios observed in this cohort. For example, using the E-value method of VanderWeele and 

Ding (23), we estimate that the observed hazard ratios reported for lung cancer (HR=2.33, 

95% CI 1.51–3.60) could only be completely explained by confounding if the confounding 

factor had a risk ratio of 4.09 (with 2.39 for the lower confidence interval) for the 

associations between that confounding factor and periodontal disease as well as between that 

factor and cancer.

In summary, the association between periodontal disease and cancer risk remained 

moderately positive and statistically significant after correcting for socioeconomic status 

propensity score, and the associations between periodontal disease status and edentulism 

were generally similar in high and low SES groups, suggesting that SES is unlikely to 

account for the positive associations observed.
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Table 1.

Definitions of Periodontal Disease

CDC-AAP ARIC Study

Periodontal 
disease status

Measurement Periodontal 
disease status

Measurement

No No evidence of mild, moderate, or severe periodontitis

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

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

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
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Table 2.

Distribution of the propensity score and variables used for generating the propensity score by periodontal 

disease status in ARIC

CDC-AAP Original ARIC

Edentulism No Mild Moderate Severe p * No/Mild Moderate Severe p *

Propensity Score

 25th 0.52 0.27 0.12 0.35 0.13 <.0001 0.48 0.29 0.15 <.0001

 50th 0.70 0.30 0.14 0.40 0.15 0.50 0.34 0.19

 75th 0.77 0.42 0.17 0.42 0.18 0.51 0.36 0.25

Lifecourse SES, %

 High 34.40 73.86 88.45 74.66 66.13 <.0001 81.83 76.28 58.48 <.0001

 Low 65.60 26.14 11.55 25.34 33.87 18.17 23.72 41.52

Neighborhood Income, %

 <33,533 49.29 32.16 17.46 28.16 36.90 <.0001 22.93 29.61 41.87 <.0001

 >=33,533 and <50,031 30.50 29.88 29.15 29.75 30.39 31.66 28.56 28.46

 >=50,031 16.60 34.85 48.31 37.31 28.88 41.41 36.98 26.26

 Unknown 3.62 3.10 5.07 4.77 3.83 4.01 4.85 3.41

Health Insurance Status, 
%

 No 9.43 4.97 2.96 4.42 5.26 <.0001 3.62 4.18 6.81 <.0001

 Private or Medicare 83.05 88.71 95.77 90.53 88.77 93.16 90.59 84.74

 Medicaid or Others 6.03 5.79 1.13 4.57 5.17 3.03 4.90 7.10

 Unknown 1.49 0.53 0.14 0.48 0.80 0.20 0.33 1.35

Frequency of Routine Medical 
Examinations, %

 < once/5 years 17.73 9.59 13.10 12.81 16.67 <.0001 11.01 11.45 17.39 <.0001

 >= once/5 years 82.27 90.41 86.90 87.19 83.33 88.99 88.55 82.61

Having a Dentist, %

 No 52.48 8.89 4.65 11.18 17.65 <.0001 5.35 9.32 23.56 <.0001

 Yes 43.90 90.29 94.93 88.39 81.64 93.98 90.02 76.08

 Unknown 3.62 0.82 0.42 0.44 0.71 0.67 0.67 0.35

Frequency of Dental 
Care, %

 Regular 5.04 73.22 87.18 72.32 61.76 <.0001 83.05 74.19 50.32 <.0001

 Go When needed 75.46 24.39 11.13 24.90 34.40 15.18 23.38 44.71

 Don’t Go to the Dentist 15.96 1.05 0.56 1.47 1.78 0.59 0.81 3.34

 Unknown 3.55 1.35 1.13 1.31 2.05 1.18 1.62 1.63

Last Time of Dental Visit, 
%

 < 1 year 15.11 77.08 87.89 77.21 69.07 <.0001 84.03 78.94 61.04 <.0001

 >=1 year and < 5 years 27.30 16.90 10.00 16.23 19.88 12.74 15.68 23.92

 >= 5 years 54.26 5.32 1.83 6.01 10.16 2.71 4.71 14.27

 Unknown 3.33 0.70 0.28 0.56 0.89 0.51 0.67 0.78

Ann Epidemiol. Author manuscript; available in PMC 2020 October 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Lu et al. Page 12

*
p-values are based on the Kruskal-Wallis Test for the propensity score and the Chi-square test for the other covariates. The propensity score was 

generated based on lifecourse SES, neighborhood income, health insurance status, frequency of routine physical examination, having a dentist, 
frequency of routine dental visit, last time of dental visit.
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Table 3.

Propensity score weighted, adjusted HR for periodontitis and total cancer incidence or deaths and for 

colorectal and lung cancer incidence

All Cancer 
Incidence

Cases Person-
years

HR* 95% CI p All Cancer 
Death

Cases Person-
years

HR* 95% CI p

Periodontitis 
(CDC-AAP)

Periodontitis 
(CDC-AAP)

 No 331 22857 1  No 85 24910 1

 Mild 118 9734 1.28 0.77 2.12 0.345  Mild 32 10442 1.71 0.83 3.51 0.146

 Moderate 560 32491 1.02 0.88 1.19 0.772  Moderate 180 35565 1.22 0.94 1.61 0.149

 Severe 292 14066 1.09 0.92 1.30 0.331  Severe 101 15475 1.39 1.02 1.89 0.037

 Ptrend 0.617  Ptrend 0.104

Edentulism 347 16447 1.17 0.97 1.40 0.095 Edentulism 149 17996 1.62 1.19 2.22 0.002

Periodontitis 
(ARIC)

Periodontitis 
(ARIC)

 No/mild 451 34437 1  No/mild 117 37195 1

Moderate 467 27392 1.21 1.05 1.39 0.011 Moderate 138 30098 1.20 0.93 1.57 0.167

Severe 383 17319 1.23 1.05 1.44 0.009 Severe 143 19099 1.49 1.14 1.95 0.004

Ptrend 0.006 Ptrend 0.004

Edentulism 347 16447 1.30 1.11 1.54 0.003 Edentulism 149 17996 1.72 1.31 2.27 0.0002

Colorectal 
Cancer 
Incidence

Cases Person-
years

HR* 95 % CI p Lung Cancer 
Incidence

Cases Person-
years

HR* 95% CI p

Periodontitis 
(CDC-AAP)

Periodontitis 
(CDC-AAP)

 No 30 22857 1  No 21 22857 1

 Mild 7 9734 3.46 1.39 8.62 0.0077  Mild 16 9734 2.04 0.88 4.71 0.097

 Moderate 46 32491 1.12 0.68 1.84 0.652  Moderate 62 32491 1.39 0.81 2.38 0.234

Severe 33 14066 1.77 1.03 3.05 0.039 Severe 53 14066 2.51 1.45 4.33 0.001

Ptrend 0.395 Ptrend 0.004

Edentulism 46 16447 1.59 0.94 2.70 0.085 Edentulism 74 16447 2.92 1.67 5.10 0.0002

Periodontitis 
(ARIC)

Periodontitis 
(ARIC)

 No/mild 42 34437 1  No/mild 34 34437 1

 Moderate 33 27392 1.13 0.64 1.98 0.677  Moderate 48 27392 1.22 0.74 1.99 0.435

 Severe 41 17319 1.42 0.87 2.32 0.157  Severe 70 17319 2.17 1.39 3.40 0.0007

 Ptrend 0.169  Ptrend 0.0006

Edentulism 46 16447 2.04 1.22 3.41 0.007 Edentulism 74 16447 2.83 1.75 4.59 0.0008

*
All Cox models are adjusted for age, field center by race, education level, smoking status, smoking duration, drinking status, body mass index, 

diabetes status (diagnosed diabetes, undiagnosed diabetes, at risk for diabetes [reference is normal]), joint terms for sex and HRT use (female 
nonuser, female user [reference is men]), and edentulism status. The propensity score was generated based on lifecourse SES neighborhood 
income, health insurance status, frequency of routine physical examination, having a dentist, frequency of routine dental visit, last time of dental 
visit. The inverse of the propensity score was used as a weight in the Cox model. Confidence interval was generated based on robust sandwich 
variance.
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Table 4.

Propensity score weighted, adjusted HRs for periodontitis and total cancer incidence, total cancer death, 

colorectal cancer incidence and lung cancer incidence, by lifecourse SES

High SES Low SES

All Cancer 
Incidence

Cases Person-
years

HR* 95% CI p All Cancer 
Incidence

Cases Person-
years

HR* 95% CI p

Periodontitis 
(CDC-AAP)

Periodontitis 
(CDC-AAP)

 No/mild 335 25847 1  No/mild 114 6744 1

 Moderate 410 24552 1.08 0.93 1.25 0.34  Moderate 150 7939 0.91 0.70 1.19 0.49

 Severe 196 9384 1.18 0.98 1.42 0.08  Severe 96 4682 0.89 0.65 1.20 0.44

 Ptrend 0.08  Ptrend

Edentulism 120 5860 1.21 0.96 1.52 0.10 Edentulism 227 10588 1.06 0.82 1.37 0.65

Periodontitis 
(ARIC)

Periodontitis 
(ARIC)

 No/mild 362 28462 1.00  No/mild 89 5975 1.00

 Moderate 347 21131 1.13 0.97 1.32 0.12  Moderate 120 6261 1.28 0.92 1.77 0.14

 Severe 232 10190 1.25 1.04 1.50 0.02  Severe 151 7129 1.12 0.84 1.51 0.44

 Ptrend 0.02  Ptrend 0.51

Edentulism 120 5860 1.22 0.98 1.53 0.08 Edentulism 227 10588 1.29 0.98 1.71 0.07

All Cancer 
Death

Cases Person-
years

HR* 95% CI p All Cancer 
Death

Cases Person-
years

HR* 95% CI p

Periodontitis 
(CDC-AAP)

Periodontitis 
(CDC-AAP)

 No/mild 77 27909 1.00  No/mild 40 7442 1

 Moderate 123 26915 1.22 0.91 1.64 0.19  Moderate 57 8651 0.95 0.61 1.48 0.81

 Severe 63 10333 1.38 0.98 1.96 0.07  Severe 38 5143 0.98 0.61 1.58 0.94

 Ptrend 0.06  Ptrend 0.92

Edentulism 51 6343 1.57 1.05 2.33 0.03 Edentulism 98 11652 1.35 0.90 2.02 0.15

Periodontitis 
(ARIC)

Periodontitis 
(ARIC)

 No/mild 86 30692 1.00  No/mild 31 6502 1.00

 Moderate 94 23188 1.17 0.86 1.58 0.32  Moderate 44 6910 1.13 0.66 1.94 0.65

 Severe 83 11276 1.40 1.01 1.94 0.04  Severe 60 7823 1.24 0.77 2.01 0.37

 Ptrend 0.04  Ptrend 0.37

Edentulism 51 6343 1.57 1.07 2.31 0.02 Edentulism 98 11652 1.59 1.01 2.50 0.04

Colorectal 
Cancer 
Incidence

Cases Person-
years

HR* 95% CI p Colorectal 
Cancer 

Incidence

Cases Person-
years

HR* 95% CI p

Periodontitis 
(CDC-AAP)

Periodontitis 
(CDC-AAP)

 No/mild 27 25847 1  No/mild 10 6744 1.00
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 Moderate 33 24552 1.19 0.69 2.03 0.54  Moderate 13 7939 1.23 0.51 2.92 0.65

 Severe 21 9384 1.64 0.90 2.99 0.11  Severe 12 4682 2.21 0.87 5.61 0.09

 Ptrend 0.12  Ptrend 0.11

Edentulism 12 5860 1.52 0.75 3.05 0.24 Edentulism 34 10588 2.41 1.06 5.49 0.04

Periodontitis 
(ARIC)

Periodontitis 
(ARIC)

 No/mild 32 28462 1  No/mild 10 5975 1.00

 Moderate 27 21131 1.18 0.67 2.06 0.57  Moderate 6 6261 0.80 0.25 2.57 0.70

 Severe 22 10190 1.22 0.67 2.23 0.52  Severe 19 7129 1.60 0.65 3.95 0.30

 Ptrend 0.48  Ptrend 0.30

Edentulism 12 5860 1.39 0.70 2.76 0.35 Edentulism 34 10588 2.27 0.95 5.45 0.07

Lung Cancer 
Incidence

Cases Person-
years

HR* 95% CI p Lung Cancer 
Incidence

Cases Person-
years

HR* 95% CI p

Periodontitis 
(CDC-AAP)

Periodontitis 
(CDC-AAP)

 No/mild 31 25847 1  No/mild 6 6744 1.00

 Moderate 38 24552 0.82 0.49 1.35 0.43  Moderate 24 7939 1.99 0.80 4.97 0.14

 Severe 38 9384 1.72 1.03 2.88 0.04  Severe 15 4682 1.91 0.74 4.96 0.18

 Ptrend 0.05  Ptrend 0.18

Edentulism 31 5860 1.71 0.92 3.19 0.09 Edentulism 43 10588 2.77 1.15 6.68 0.02

Periodontitis 
(ARIC)

Periodontitis 
(ARIC)

 No/mild 28 28462 1  No/mild 6 5975 1.00

 Moderate 37 21131 1.21 0.71 2.06 0.48  Moderate 11 6261 1.15 0.37 3.57 0.81

 Severe 42 10190 1.66 0.97 2.85 0.07  Severe 28 7129 2.40 0.97 5.96 0.06

 Ptrend 0.07  Ptrend 0.04

Edentulism 31 5860 1.99 1.05 3.79 0.04 Edentulism 43 10588 3.00 1.22 7.37 0.02

*
All Cox models are adjusted for age, field center by race, education level, smoking status, smoking duration, drinking status, body mass index, 

diabetes status (diagnosed diabetes, undiagnosed diabetes, at risk for diabetes [reference is normal]), joint terms for sex and HRT use (female 
nonuser, female user [reference is men]), and edentulism status. The propensity score was generated based on neighborhood income, health 
insurance status, frequency of routine physical examination, having a dentist, frequency of routine dental visit, last time of dental visit separately 
for participants with low and high lifecourse SES. The inverse of the propensity score was used as a weight in the Cox model. Confidence interval 
was generated based on robust sandwich variance.
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