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ABSTRACT 

Introduction: Obesity may contribute to periodontal disease, and it is unknown if this 

association exists in an older male cohort. It is also unknown whether there is an association 

between obesity measures and periodontal disease progression. Furthermore, it is unknown if 

the association is uniform across obesity measures and different periodontal disease definitions. 

This paper will address these unknowns. 

Materials and methods: This study was conducted among participants in the Osteoporotic 

Fractures in Men ("MrOS") Study, a cohort study of community dwelling US men ages 65 years 

and older. A subset of the MrOS cohort (N=949) underwent research periodontal exams on 

average 1.87 years from the baseline MrOS visit and attended a follow-up visit 2. 7 years from 

dental visit 1. Severe periodontitis at the dental visit 1 was defined as clinical attachment loss of 

~ 5mm in 30% of teeth examined. Periodontitis progression was defined as additional clinical 

attachment loss of~ 3 mm in two or more teeth at follow up. Measures of obesity included Body 

Mass Index ("BMI") , total body fat mass, trunk fat mass, and the ratio of trunk to extremity fat. 

Fat mass measurements were obtained with dual energy x-ray absorptiometry (DXA). Risk 

ratios were calculated directly using log-binomial multivariable regression. All analyses were 

stratified by dental visit 1 periodontitis status (severe/not severe), and adjusted for potential 

confounders. 

Results: At the initial exam, 337 men (36°/o) had severe periodontitis. At follow-up, 313 men 

(33%) displayed periodontitis progression. Proportionally fewer men with severe periodontitis at 

dental visit 1 experienced progression (29°/o) compared to men without severe periodontitis at 

dental visit 1 (36°/o) (p = 0.04). After adjusting for age, geographic location, diabetes, pipe 

smoking, and daily walking, no associations were found between any obesity measures and 

periodontitis progression. For men without SP\/PrP periodontitis at dental visit 1, the adjusted 

risk of progression in obese men did not differ compared to men with normal body weight (Risk 
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Ratio ("RR")= 0.99, 95°/o Confidence Interval ("CI"): 0.79- 1.25). The adjusted risk of 

progression in overweight men without severe periodontitis at dental visit 1 also did not differ 

compared to men with normal body weight (RR = 0.91, 95°/o Cl: 0.68-1 .23). For men with 

severe periodontitis at baseline, the adjusted progression in obese men also did not differ 

compared to men with normal body weight (RR = 1.14, 95°/o Cl: 0.73- 1.78). The adjusted risk 

of progression in overweight men with severe periodontitis also did not differ compared to men 

with normal body weight (RR = 1. 08, 95°/o Cl : 0. 7 4- 1.58). Similarly, the adjusted risk of 

progression in the upper quintiles of total body fat mass, trunk fat mass, and the trunk fat to 

extremity fat ratio also did not differ compared to men in the lowest quintiles of these measures. 

Conclusions: Periodontitis progression was common in this cohort of older men. However, the 

results do not support the hypothesis that obesity is a risk factor for periodontitis progression in 

an older male cohort. 
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INTRODUCTION 

Periodontal disease is a chronic infection in the gum and bone supporting the teeth, 

causing pain, bleeding gums, abscesses, loose teeth, and tooth loss. 1 It begins with the 

formation of plaque, a sticky film of bacteria, on the surface of teeth and gums. Plaque bacteria, 

when not removed by regular tooth brushing and flossing, irritate and harm underlying gum and 

bone. 2 Below the gum line, plaque causes inflammation and infection.3 If the gum remains 

attached to the tooth, the condition is known as gingivitis . Gingivitis is reversible. 4 Periodontal 

disease occurs when there is irreversible damage to the underlying periodontal ligament, which 

attaches teeth to the bone underneath. 

There is no one uniform definition of periodontal disease. Thresholds for the disease 

vary, and although all periodontal disease refers to inflammation, it is possible to distinguish 

between gingivitis (reversible inflammation) and periodontitis (inflammation resulting in 

permanent damage).5 Severity of periodontitis varies by the number of teeth in the mouth, the 

percentage of teeth affected, the number of sites on each tooth that are affected, and the 

severity of each individual site. This variation makes it difficult to compare the prevalence of 

periodontitis among different populations with different disease definitions. 6 Furthermore, there 

are different levels of periodontal disease severity, and after a threshold is reached where an 

individual is classified as having periodontal disease, it is still possible to further distinguish 

stages of progression. 

Although 80-1 OOo/o of adult individuals have gingivitis, only 35o/o will develop periodontal 

disease. 7 Age is a major risk factor for periodontal disease because of the accumulation of 

permanent damage to the periodontal ligament over time. Other well established risk factors 

include type of oral bacteria, diabetes, and smoking. Risk factors for periodontitis progression 

may be different than risk factors for disease onset. There is very little data on periodontitis 



progression because the majority of studies on periodontitis have only looked at the association 

during a single time point (cross-sectional). 

Recent findings suggest that periodontal disease is also associated with chronic 

diseases common in the elderly, such as coronary artery disease and Type 2 diabetes. 8 9 10 11 

Scientists have recently begun to study the underlying mechanisms that link periodontal disease 

to other chronic disease. Although several hypotheses exist, one well-known hypothesis for this 

association emphasizes the role of underlying inflammation.12 13 

Underlying inflammation is measured by the presence of inflammatory markers such as 

interleukin ("IL") 1 and 6, tumor necrosis factor ("TNF")-alpha, and C-reactive protein ("CRP"). 

Individuals with periodontal disease have higher levels of inflammatory markers than individuals 

without periodontal disease. Furthermore, periodontal disease treatments reduce the levels of 

inflammatory markers.14 Since markers of inflammation are related to higher levels of body fat, it 

has been suggested that obesity may contribute to periodontal disease. 15 16 17 

Positive associations between obesity and periodontal disease have recently been 

published. Recent cross-sectional studies investigated the hypothesis that obesity and 

abdominal adiposity, because of their influences on whole body inflammation, are also risk 

factors for periodontal disease (Figure 1, p.25). 18 19 20 21 22 23 Because all of the studies that have 

investigated body fat distribution and periodontitis have been cross-sectional, the direction of 

the association remains unknown. Does obesity lead to periodontal disease, or does 

periodontal disease cause obesity? Periodontal disease could lead to obesity by impacting the 

diet (because of pain and loose teeth) as well as impacting a person's general health and well

being. It is also possible that the two conditions affect each other simultaneously through 

unknown feedback loops.24 

Like periodontal disease, it is possible to measure obesity in several ways. Body mass 

index ("BMI") provides a general overview of the weight of the body, adjusted for height, and 
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further categorized as normal, overweight, or obese. Other measures include the amount of 

total body fat and the amount of abdominal body fat, since the amounts of fat in different parts of 

the body also directly affect health and wellbeing. 25 26 Lastly, the distribution of fat in the body 

can be measured. When obesity is measured in different ways, both its risk factors and its 

effects on specific diseases differ. For example, persons with higher levels of abdominal fat to 

extremity fat are at higher metabolic risk, even among people of the same BMI. 27 

Compared to younger adults of both sexes, older men have the highest prevalence of 

periodontitis. In the NHANES Ill survey, 67.5% of men between 80 and 90 years of age and 

55.8°/o had destructive periodontal disease compared to 26.1 °/o of all adults examined. 28 In the 

same study, men of all ages had a higher prevalence of destructive periodontal disease, 34.0% 

compared to women, 24.5%>. 

The relationship between body fat distribution and periodontitis may be different in 

elderly men than in the general adult population, because aging and male gender are both 

associated with higher levels of periodontal disease. This relationship is biologically plausible 

using the inflammation hypothesis. Older persons have higher levels of inflammation than 

middle-aged adults, independent of body size. 29 With age there is a loss of lean mass and a 

gain of fat mass, so that the percentage bf body fat increases even in weight stable older adults. 

30 31 32 This underlying change maybe difficult to capture using the body mass index, a measure 

of the relationship between height and weight. Underlying change in body composition is one 

possible explanation for the increased presence of inflammatory markers with age. 
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METHODS 

Participant Selection 

The Osteoporotic Fractures in Men ("MrOS") Study is a multi-center prospective cohort 

study designed to quantify risk factors for osteoporotic fractures and bone loss among older 

U.S. men. 33 34 From April 2000 to April 2002, 5,995 community dwelling older men were 

recruited from the general population in six geographic regions across the United States: 

Birmingham, AL; Minneapolis, MN; Palo Alto, CA; Pittsburgh, PA; Portland, OR; and San Diego, 

CA. To be eligible for the MrOS study participants were to be age 65 years or older at their 

baseline MrOS visit, able to walk without the assistance of another person, without bilateral hip 

replacements, and without medical conditions (in the judgment of the study physician) that 

made it unlikely the man would survive the duration of the study. 

In 2002-2003, participants from the Birmingham, AL and Portland, OR MrOS sites were 

invited to participate in an ancillary study of oral bone loss (MrOS dental study). All surviving 

MrOS participants at the two sites were invited to participate. The goal was to enroll 1 ,377 of the 

active 1935 MrOS participants into the MrOS dental study. Enrollment occurred from September 

2002 through May 2003, with 1353 (98%> of target) men completing dental visit 1. Men who were 

unable or unwilling to use antibiotic prophylaxis when necessary before the periodontal exam 

were ineligible for the MrOS dental study. 

A follow-up dental examination took place during the second scheduled MrOS visit. This 

visit was scheduled to take place five years from the MrOS baseline visit, and since men had 

been in enrolled in the dental study between years two and three of MrOS, men returned for 

follow-up at an average of 2. 7 years from dental visit 1. Follow-up information was gathered 

from a dental exam and dental-related questionnaire. 
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Data Collection 

Measures of Obesity 

Height (em) was calculated using a wall-mounted Harpeden stadiometer. Weight was 

measured on a calibrated balance beam or digital scale. Body Mass Index ("BMI") was 

calculated as weight (kg) /height (m) 2, and then was categorized according to normal (18.5 -24 

kg/m 2
), overweight (25-29 kg/m 2

), and obese (>=30 kg/m 2
). 

35 Indices for total body fat mass 

and trunk fat mass were created using the formula, fat mass (kg) /height (m) 2
. 

Dual X-ray absorptiometry (DXA) was used to take whole body scans of participants 

during dental visit 1. DXA measures levels of attenuation in two x-ray beams with different 

energy levels, 40 and 70 KeV, and is primarily used clinically to provide measures of bone 

mineral density. 36 37 Because DXA is able to distinguish between fat and fat-free soft tissue, it is 

very useful in determining the distribution of tissue types in distinct regions of the body. Both 

sites (Portland, OR and Birmingham, AL) used the same model of fan-beam scanner (Hologic 

QDR model 4500 W). DXA-captured obesity measures included in this analysis were total body 

fat mass, trunk fat mass, and fat mass in the extremities (arms and legs) . The fat distribution 

ratio was obtained using the formula, trunk fat mass (kg)/extremity fat mass (kg). For analysis, 

all body fat distribution measures were categorized into quintiles. 

Periodontitis and Periodontitis Progression Measures 

Centrally trained study dentists and hygienists performed exams at each geographical 

location. They completed random half-mouth dental exams using a UNC15 periodontal probe, 

dental light, and mirror. 38 The side of the mouth to be examined was determined by the 

participant's study number: the right side of the mouth if the study number was even, and the 

left side if it was odd. Pocket depth, a measure of gingival inflammation, was recorded at six 

points on each tooth (distal-buccal, ·direct buccal, mesio-buccal, disto-lingual, direct lingual, and 

mesic-lingual). Clinical attachment loss (the distance from the cementa-enamel junction to the 

base of the pocket), a measure of periodontal ligament destruction, was also recorded at these 
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six points. All measurements were made in millimeters and rounded to the nearest whole 

millimeter (for example, if the periodontal probe measure suggested an attachment level of 3.2, 

this measure was rounded to 3 mm). 

We used the European Workshop in Periodontology Group C criteria to define 

periodontitis in this analysis. 5 This definition was chosen because it provided both a two-level 

definition of periodontitis and a definition of disease progression. The European Workshop 

definition is based only on levels of clinical attachment loss, and does not require measurement 

of pocket depth. Mild periodontitis was defined as presence of attachment loss of~ 3 mm in ~ 2 

non-adjacent teeth . Severe periodontitis was defined as the presence of proximal attachment 

loss of~ 5 mm in more than 30°/o of teeth present. 

The European Workshop in Periodontology Group C criteria for periodontal disease 

progression was the presence of two or more teeth demonstrating a proximal attachment loss of 

~ 3mm in the examined mouth side. 

Other Measures 

Participant age at dental visit 1 was categorized into five year age groups, 65-69, 70-7 4, 

75-79, and 80 +years. Several other measures evaluated as potential confounding factors 

were obtained at the MrOS baseline visit. These included race, education level, socio-economic 

status ("SES"), self-reported health, physical activity, cigarette and pipe smoking, alcohol 

consumption, medical history and medication use. These characteristics were classified as 

follows and the values were carried forward to the initial dental visit. 

Race and education level were self-reported on the MrOS baseline questionnaire, as 

was self-reported health. Physical activity was assessed using a measure of daily walking. SES 

was also self-reported by asking participants (after having shown them a picture of a ladder with 

10 rungs), "Where would you place yourself on this ladder, in your community?" Cigarette 

smoking was assessed using self-reported pack-years, and then categorized into never 
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smokers, < 20 pack year smokers, and ;::: 20 pack year smokers. Pipe smoking was categorized 

as ever or never. Alcohol consumption was reported as number of drinks per week, and 

categorized as never drinkers, men with < 5 drinks per week, and men with ;::: 5 drinks per week. 

For medical history, participants were asked "if a doctor or other health care provider" had ever 

told the participant they have or had a particular condition. The list of conditions included 

diabetes, arthritis, stroke, and chronic obstructive pulmonary disease ("COPD"). All diseases 

were categorized as yes or no. Additional medical history variables were created to examine 

.the prevalence of any heart disease (for example, if participant had a heart attack, angina , high 

blood pressure, or congestive heart failure he was coded as "yes, " otherwise "no") and arthritis 

type (rheumatoid , non-rheumatoid, and no arthritis) . 

To gather information on medication use, participants were asked to keep a record of all 

prescription medications they had been using for at least one month prior to the baseline MrOS 

vis it. They were asked to bring this list in addition to the medication bottles , and study staff 

verified the prescriptions. Medications evaluated as potential confounders in this analysis were 

Cox II inhibito-rs , non-steroidal anti-inflammatory agents, and HMG CoA reductase inhibitors. 

Information on dental history and dental-health related behaviors was collected during 

dental visit 1. Calculus, plaque, and gingival indexes were obtained from the dental clinic exam, 

as was the participant's number of teeth. Additionally at follow-up, participants were asked if 

they had had a dental visit in the interim, and if they had undergone treatment for their gums. 

Both responses were coded as yes or no. 

For plaque, calculus and gingival bleeding the worst score per tooth was recorded. 

Plaque was assessed using a modified version of the Silness and Loe Plaque Index with 

categories 2 and 3 from the original index collapsed into a single category. 39 The examiner first 

determined if plaque was visible , and then used a periodontal probe to determine if there was 

evidence of non-visible plaque. A single score was recorded for each tooth. Gingival bleeding 
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was assessed using the Loe and Silness Gingivallndex. 39 Gums were coded as normal, mild 

inflammation but no bleeding, moderate inflammation and bleeding, and severe inflammation 

with a tendency toward spontaneous bleeding. Calculus was classified according to NIDR Adult 

Survey protocol as none (0) , supra-gingival only (1 ), or sub-gingival (2) . The scores for each 

person were calculated as the sum of the scores for each tooth divided by the number of teeth 

in the examined half-mouth. 

Statistical Analyses 

Selection of Analytic Population 

The analytic population was restricted to men who had attended dental visit 1 and follow

up, had baseline DXA examination , were dentate (had 1 or more teeth) , and had information on 

periodontitis progression (Figure 2, p. 26). We chose to further limit our analytic population to 

white and black men only, because there were only 52 men of other race/ethnicities who met all 

of the above criteria. Of these men, 32 were Asian , 7 were Hispanic, and 13 were of another 

race/ethnic category. Proportions of periodontitis progression in these race/ethnicities were too 

small for meaningful analysis. 

Descriptive Analyses 

Variables were classified as categorical or continuous according to their nature and 

distribution. Descriptive statistics (mean, standard deviation, median, maximum, minimum, and 

number of missing values) were obtained on all continuous variables in the dataset. 

Percentages of subjects belonging to each group of every categorical variable were also 

computed. 

The relationships between height, weight, BMI, total body fat mass, trunk fat mass, total 

body fat mass index, trunk fat mass index, and the fat distribution ratio were all examined using 

Pearson 's correlation coefficients. 
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Generalized linear models were used to compare overweight and obesity categories and 

body fat distribution quintiles on continuous normally distributed variables. Wilcoxon rank sum 

tests were used to compare body composition quintiles on continuous variables with a skewed 

distribution. Chi-square tests and chi-square tests for trend were used to compare between 

categorical variables after verifying that all cell sizes were ~ 5. 40 If cell sizes were < 5, Fisher's 

exact test was used to compare categorical variables. 41 

Model Building 

Log-binomial regression models were used to assess the relative risk of periodontitis 

progression according to the body composition variables. Log-binomial regression is appropriate 

when a large proportion of subjects experience the outcome. 42 43 

All model building stages were stratified by severe periodontitis status at dental visit 1, 

including preliminary univariable and bivariable analyses (Figure 3, p.27). First, all variables 

included in the preliminary analyses were grouped by the following subsets: demographic, 

lifestyle, medical history, medication use, and dental related. For each variable in each group, it 

was included in the model if the association between the obesity measure and periodontitis 

progression caused a > 1 Oo/o change in the obesity measure's point estimate, or was statistically 

significant at a p-value of less than or equal to 0.1 0. Variables were ordered for inclusion within 

each subset by their significance level in the univariable analysis. In the second step, variables 

that met the criteria for confounding or statistical significance were added to the model 

according to their log-likelihood value. If upon inclusion in the larger model, a variable was no 

longer a confounder or statistically significant, it was removed from the model. Models with and 

without dental variables were created, because dental covariates may or may not have had a 

role in the causal pathway of the association between body fat distribution and periodontal 

disease. 
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This modeling process was repeated for all body fat distribution variables. After 

multivariable models were built for all fat distribution measures, we decided on a final set of 

covariates to adjust for in all analyses, to aid comparison among the fat distribution measures. 

These covariates were age category, site, pipe smoking, and daily walking . 

We examined the possibility that the relationship between body fat distribution and 

periodontal disease progression may differ from site to site by further stratifying our analysis by 

study site. We also examined the likelihood that the relationship between body fat distribution 

and periodontal disease progression may be more evident in men with a greater number of 

teeth by restricting our analytic population to men with ;;::: 26 teeth. All analyses were performed 

using SAS version 9.1. 44 
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RESULTS 

Relationship among measures of obesity 

The majority of men in this study were overweight or obese, according to BMI 

classification (Table 1 ,p.33). While the total body fat and trunk fat indexes do not have 

corresponding standardized categories, both indexes were highly correlated with BMI (Pearson 

· correlation coefficient for total body fat index: 0.85, p <.0001; for trunk fat index: 0.82, p <.0001 ). 

This suggests that most men with higher values of total and trunk fat also have a high BMI , and 

are therefore likely to be overweight or obese. 

Most men also had an excess of trunk to extremity fat. The mean value of the ratio was 

1.3. Unlike the fat index measures, the ratio of trunk to extremity fat was not highly correlated 

with BMI (Pearson correlation coefficient: 0.14) (Figure 4,p.28). Men with an excess of trunk to 

extremity fat do not necessarily have a higher BMI, and are therefore not necessarily overweight 

or obese. Even though most of the men are overweight and have an excess of trunk to 

extremity fat, it is important not to conflate these measures. BMI alone is not an adequate 

measure of body fat distribution. 

Relationship between measure of obesity and potential confounders 

Differences between BMI and the trunk to extremity fat ratio become even more 

important when the relationships between each measure and potential confounders are 

considered. Obese men were more likely to be from the Birmingham site, African-American, 

report poorer health, be 20 + pack-year smokers, have diabetes, arthritis and high blood 

pressure, have fewer teeth, and were less likely to visit the dentist annually (Table 2, p.34). 

Overweight men were less likely than obese or normal weight men to have severe periodontitis 

at baseline (p=0.05). 
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All further analyses were stratified by baseline periodontitis status. Known risk factors, 

such as age, smoking, and diabetes, were all associated with baseline periodontitis. Their 

association with periodontitis progression was less significant than their association with 

baseline periodontitis, suggesting that there may be important differences between cross

sectional associations and periodontitis progression. 

In this population only 20 men (2.1 °/o) were current smokers. Because the numbers of 

current smokers were too small for meaningful analysis, we were only able to assess pack 

years of smoking. Never smokers comprised 39°/o of men, 31 °/o of men had smoked< 20 pack 

years, and 31 °/o of men were 20+ pack year smokers. Men with 20+ pack years of smoking 

were more likely to be overweight or obese (p=.0006), and have higher corresponding levels of 

total body fat (p<.0001) and trunk fat (p=.0049), although these men were not more likely to 

have an excess of trunk to extremity fat. Furthermore, men with 20+ pack years of smoking 

were more likely to have severe periodontitis at dental visit 1 (p<.0001 ). More important to this 

analysis, however, was that men, both with and without baseline periodontal disease, with 20+ 

pack years of smoking were not more likely to experience progression. Since almost all of these 

men were former smokers, it is plausible that most of the clinical attachment loss attributable to 

smoking happened in the past, and is not responsible for current progression. 

Relationship among body fat distribution measures and periodontitis progression 

Periodontitis progression is not related to any measure of obesity (Table 3, p.36). In 

particular, progression was unrelated to overweight or obesity status (Figure 5, p. 29). For men 

without severe periodontitis at baseline, the adjusted risk of progression in obese men did not 

differ compared to men with normal body weight (RR= 0.99, 95°/o Cl: 0.79- 1.25). The 

adjusted risk of progression in overweight men also did not differ compared to men with normal 

body weight (RR = 0.91, 95%> Cl: 0.68-1.23). For men with severe periodontitis at baseline, the 

adjusted progression in obese men also did not differ compared to men with normal body weight 
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(RR = 1.14, 95%> Cl: 0. 73 - 1. 78). The adjusted risk of progression in overweight men with 

severe periodontitis also did not differ compared to men with normal body weight (RR = 1.08 

(0.74- 1.58). 

We then examined the relationship of total body fat to periodontitis progression (Figure 

6, p.30). We observed no relationship between periodontitis progression and total body fat. For 

example, for men without severe periodontitis at baseline, the adjusted risk of progression 

among men in the highest quintile of total body fat did not differ significantly from the risk of 

progression among men in the lowest quintile (RR = 0.91, 95%> Cl: 0.67- 1.22). Similarly 

among men with severe periodontitis at baseline, the adjusted risk of progression among the 

men with the highest body fat did not differ compared to men with the lowest body fat level (RR 

= 1.14, 95% Cl: 0.68-1.89). 

Trunk fat mass examined to further specify the distribution of metabolically active fat in 

the body (Figure 7, p. 31 ). We continued to find no association with periodontitis progression 

when trunk fat mass was used as our primary independent variable. For men without severe 

periodontitis at baseline, the adjusted risk of progression among men in the highest quintile of 

trunk fat did not differ significantly from the risk of progression among men in the lowest quintile 

(RR = 0.89, 95°/o Cl: 0.65- 1.23). Among men with severe periodontitis at baseline, the 

adjusted risk of progression among the men with the highest trunk fat did not differ compared to 

men with the lowest trunk fat level (RR = 1.05, 95% Cl: 0.64-1.70). 

The fat distribution ratio (trunk to extremity fat) was examined to evaluate the associated 

risks of body fat distributions (Figure 8, p.32). We continued to find no association with 

periodontitis progression when this ratio was used as our primary independent variable. For 

example, for men without severe periodontitis at baseline, the adjusted risk of progression 

among men in the highest quintile of the fat distribution ratio (1.53- 2.25) did not differ 

significantly from the risk of progression among men in the lowest ratio quintile, (0.54- 1.07), 
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(RR = 1.01 , 95°/o Cl: 0.76- 1.33). Similarly among men with severe periodontitis at baseline, 

the adjusted risk of progression among the men with the highest quintile of the fat distribution 

ratio did not differ compared to men with the lowest ratio quintile (RR = 1.05, 95°/o Cl: 0.64-

1.70). 

Proportions of periodontitis progression differed by study site. Half of men without 

severe periodontitis at dental visit 1 in Birmingham, AL experienced progression compared to 

20°/o of men without severe periodontitis at dental visit 1 in Portland, OR. A much larger 

proportion, 41 °/o , of men with severe periodontitis at dental visit 1 in Birmingham, AL 

experienced progression compared to 17°/o with severe periodontitis at dental visit 1 in Portland, 

OR. Because of these disparate estimates of prevalence, we chose to stratify our analysis by 

site to determine if BMI was a significant risk factor in one or the other location. We continued 

to find no association between BMI and periodontitis progression in either site (Table 4, p.36) . 

Because the number of teeth in the mouth affects prevalence of periodontitis and 

progression, we restricted our study population to men with mor~ than 26 teeth (n = 435) to 

determine if a relationship between body fat distribution and periodontitis progression was 

evident in men with more teeth susceptible to progression. We continued to observe no 

association between BMI and periodontitis progression (Table 5, p.38). 
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DISCUSSION 

In this longitudinal study of U.S. men 65 years and older, we observed no association 

between BMI category, body fat mass, trunk fat mass, or the ratio of trunk to extremity fat and 

periodontitis progression. Our data suggests that for healthy older men living in the United 

States, these measures of obesity are not risk factors for periodontitis progression. 

This study had many strengths. First, it was longitudinal, which allowed us to investigate 

the direction of causality for the influence of measures of obesity on periodontitis progression. 

Second, we were able to collect a large amount of relevant information because the MrOS 

dental study was designed to investigate risk factors for periodontitis and periodontitis 

progression in older men. By incorporating subjects from the larger MrOS study, we have also 

benefited from expertise in study design and implementation as well as from a large sample 

size, which allowed us to investigate effect modification by baseline periodontitis status and by 

site. Lastly, we were able to calculate risk ratios directly using log-binomial regression , which 

was preferable to odds ratios calculated by logistic regression since many of the subjects 

experienced the event of interest (progression). The risk ratios we observed had very wide 

confidence intervals and large p-values, so it is very unlikely that our null observations were by 

chance. 

The European Group C definitions of periodontitis and periodontitis progression 

permitted us to precisely quantify both periodontitis and progression using a consensus 

definition. However, the European Group C consensus definitions of periodontitis and 

periodontitis progression have not (as of yet) been widely implemented, which reduces our 

ability to compare our results to other studies of periodontitis and periodontitis progression. This 

definition also does not account for tooth loss, a major consequence of periodontitis 

progression. If men who have lost teeth due to periodontitis progression are not included in the 
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group who experienced progression, this biased our results because these men will instead be 

included in the group that has not experienced progression, diluting our ability to distinguish 

between the two groups, and will make it more likely that we would observe no difference. The 

European Group C consensus definition was also based on a random half-mouth examination , 

which may have caused us to underestimate the prevalence of mild and severe periodontitis in 

the study population. 

Our choice of definition necessarily affected how men were dichotomized as those with 

and without severe periodontitis . To better understand how these men might be classified using 

another definition, we compared the European Group C definition to the recently published 

Centers for Disease Control ("CDC") definition of severe periodontitis, " ~ 2 sites on different 

teeth with CAL ~ 6 mm and ~ 1 site with PO ~ 5 mm." The CDC definition includes a 

measurement of pocket depth as well as attachment loss, and so is able to capture acute 

inflammation as well as permanent damage to the periodontal ligament. The CDC definition 's 

criteria for severe periodontitis are more stringent than the European Group C definition 

because to have severe periodontitis, one must have present disease in addition to permanent 

attachment loss.45 When compared to the CDC definition, our study overestimates the 

prevalence of periodontitis because of our less stringent criteria. There is only moderate 

concordance between the two definitions (Kappa = 0.50). 

Men in the MrOS dental cohort were generally healthy, with few current smokers. We 

know that smoking is a risk factor for periodontal disease,46 but we were not able to investigate 

the effects of current smoking on the association between obesity and periodontitis progression. 

A previous study has suggested that current smoking confounds the association between 

obesity (BMI > 30) and alveolar bone loss, where obesity is a greater risk factor for non

smokers.47 In our study, heavy smoking (> 20 pack years) was associated with all of the 

measures of obesity except for the trunk to extremity fat ratio, with smokers likely to be heavier. 
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Heavy smoking was also associated with greater likelihood of severe periodontitis. It is 

important to note, however, that being a 20+ pack year smoker was not associated with 

periodontitis progression in the univariate analysis, and was not a significant confounder in the 

multivariate analysis. 

The use of the DXA scan to measure body fat and trunk fat mass permitted us to 

precisely quantify fat distribution. Although the accuracy of determining fat composition in 

particular areas of the body using DXA decreases as body size increases due to limits in the 

size of the scanning area, this is only relevant for men with very large body size. Because we 

used quintiles in our analysis, the influence of outliers (such as men with very large body size) 

was reduced . 

Despite the limitations, this study is the first to analyze the association between body fat 

distribution measures and periodontitis progression. Studies that have reported on periodontitis 

progression in the elderly have not reported analysis of body fat distribution measures. 

Kibayashi et al. published a small study that examined risk factors for periodontal disease 

progression in a small cohort of Japanese men and women, but BMI and body fat distribution 

measures were not examined in this study. 48 Ogawa et al. (2002) also examined progression in 

a volunteer elderly population, but did not investigate any body fat distribution measures.49 

Due to the cross-sectional nature of all previous research on the association between 

measures of obesity and periodontitis progression, the temporal sequence between periodontitis 

and body fat distribution could not be determined. Even so, among these studies the magnitude 

and significance of the association has varied by gender, by severity of periodontitis, and by age 

group. 

Previous studies have suggested that the relationship between obesity and periodontitis 

differs by gender. For example, Dalla Vecchia et al. reported a cross-sectional association 

between BMI and periodontitis in Brazilian women but not in Brazilian men. 5° Other studies have 
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found significant associations between both genders, but the association has been stronger in 

women. 47 

Other studies have suggested that the relationship between periodontitis and body fat 

distribution is only significant when comparing individuals who have no periodontitis and those 

who have mild periodontitis. In a recent study of the relationship between BMI and periodontitis 

severity in 60 to 70 year old men from the United Kingdom, researchers found a cross-sectional 

association between obesity and mild periodontitis but did not find an association between 

obesity and severe periodontitis. 51 The prevalence of progression in the United Kingdom study 

population was much less than in our study population. ·Only 7°/o of men examined had severe 

periodontitis, and 26% had mild periodontitis, compared to 36°/o of men in our study who had 

severe periodontitis and 98% with mild periodontitis. This underlying difference in prevalence 

estimates discourages ready comparison between the two populations; however, it does 

suggest that the influence of body fat distribution on periodontitis in older men may be more 

important in populations with a lesser prevalence of periodontitis. 

This conclusion was also reached by Saito et al (2005), who found a crude association 

between waist-hip ratio and mean CAL in 584 Japanese women between 40 and 79 years old 

with at least 10 teeth (p = 0.06). They found an almost statistically significant association 

between mean BMI and mean CAL (p=0.09). Statistically significant associations were 

reported between mean pocket depth and mean BMI, percent body fat, and waist-hip ratio, but 

because pocket depth represents a combination of both permanent attachment loss and current 

inflammation, it is not easily comparable to mean CAL. Study authors raised the possibility that 

"the weak or non-significant association [of body fat distribution measures and mean CAL] found 

in this study suggests that the relationship between obesity and periodontal disease is limited to 

a relationship between obesity and the primary stage of periodontal disease" (p. 352). 
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Related studies from the NHANES Ill data have reported statistically significant 

associations between measures of obesity and periodontitis that represent very small clinical 

differences. Genco et al. reported mean CAL of 1.1 (0.1) for participants in the lower body mass 

index category ( <27 kg/m 2
) compared to 1.2 (0.1) for participants in the upper body mass index 

category (~ 27 kg/m 2
) (p <0.01 ). 52 The sample size in this NHANES study was exceptionally 

large (N = 12,367), leading to statistically significant results although the actual differences in 

mean CAL remain very small. Similarly, another NHANES study reported statistically significant 

but weak correlations between body composition measures (BMI, waist-to-hip ratio, and fat-free 

mass (FFM), and continuous measures of periodontal disease (mean CAL, mean PO, mean 

gingival bleeding, and mean calculus index). 20 All of the reported correlations were very small; 

the highest correlation periodontitis correlation was between waist-hip ratio and mean CAL (r = 

0.25). The correlation between BMI and mean CAL (r=0.15) was even smaller, and the 

correlation between FFM and mean CAL (r=0.05) was not statistically significant. The sample 

size was the same in both of these studies. 

Effect modification by age, where the association between measures of obesity and 

periodontitis is only evident in younger populations, has also been reported by several studies. 

Torrungruang et al. did not observe an association between BMI or waist circumference and 

moderate/severe periodontitis in a cohort of senior employees. AI-Zahrani et al. argued for an 

association between BMI and waist circumference and periodontal disease (measured by 

pocket depth) in young persons (18-34 year olds) only. 19 Alabdulkarim, in his study of alveolar 

bone loss, only found an association in the < 40 age group when he dichotomized his study 

subjects by age. 47 Lastly, in a study of community dwelling 316 Mexican elders, Borges-Yanez 

et al. (2006) also failed to find a statistically significant association when they compared mean 

BMI of participants with and without moderate/severe per"iodontitis (2 sites demonstrating loss of 

attachment>= 4 mm in two contra-lateral quadrants) (p =0.81 ). 
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This study is the first to analyze the association between measures of obesity and 

periodontitis progression. Our findings do not support the hypothesis that obesity is a risk factor 

for periodontitis progression in an older male cohort. 
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Figure 1. Biological pathway for the association between body fat distribution and periodontitis 
progression , with inflammation as underlying mechanism. 
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Attended dental visit 1 
N- 1353. 

Excluded 220 men: 
91 completed rollow-up question nai r:e only 
33 rerused to participate in follo•w-u p exam 
89 died 

~ 7 left the study before the fo llow-up ,exam 

With cl~ n ic exam at follow-up 
N ;;; 1 ~ 33 

Excluded 116 m,eo: 
99 we,re missing all teeth 
17 were missing other data 

V'lith data on periodontitis 
progr.ess1on 
N - 1017 

Excluded 116 men: 
7 missing data on periodontitis 
9 missing obesity data 

Witt1 corr1pl ete data on petiooontitis 
and measures of obesity 

N::: 1001 

,, 

\1\lhite or b~ack men 
N :: 9'4'9 

Excluded 52 men: 
32Asian 
7 Hispanic 
12 Other 

Figure 2. Selection of analytic population for analysis of the association between measures of obesity 
and periodontitis progression in the Osteoporotic Factures in Men ("MrOS") dental study cohort 
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at dental visit 1 
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... 
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rv1cn with progression 
N = 97 (28.8%) 
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Figure 3. Stratification by baseline periodontitis of men in the MrOS dental study cohort 
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Figure 4. Scatterplot of correlation between Body Mass Index ("BMI ") and trunk to extremity fat 
ratio 

(Pearson 's correlation coefficient: 0.14) 
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Figure 5. Risk ratios for periodontitis progression in overweight and obese men over 65 years of 
age according to BMI category over 2. 7 years of follow-up. 
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Figure 6. Risk ratios for periodontitis progression according to total body fat index (kg/m2) in 
men over 65 years of age. 
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Figure 7. Risk ratios for periodontitis progression according to trunk fat index (kg/m2) in men 
over 65 years of age. 
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Figure 8. Risk ratios for periodontitis progression according to fat distribution ratio quintiles in 
men over 65 years of age. 
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TABLES 

Table 1. Summary statistics for measures of obesity 

Variable Mean Std Dev Min Max 

Height (m) 1.75 0.07 1.55 1.98 

Weight (kg) 84.1 12.7 52.9 132.1 

BMI (kg/m 2
) 27.4 3.6 18.4 44.1 

Total Fat (kg) 21.6 7.0 6.0 58.8 

Total Fat BMI (kg/m2
) 7.0 2.2 2.2 20.0 

Trunk Fat (kg) 12.2 4.2 2.5 29.1 

Trunk Fat BMI (kg/m 2
) 4.0 1.3 0.9 9.9 

Fat Ratio 1.3 0.3 0.5 2.2 

Correlations 

Variable Height Weight BMI Total Total Trunk Trunk 

Fat Fat BMI Fat Fat BMI 

Height (m) 

Weight (kg) 0.48* 1 

BMI (kg/m2
) -0.02 0.87* 1 

Total Fat (kg) 0.23* 0.86* 0.85* 1 

Total Fat BMI (kg/m 2
) -0.01 0.76* 0.89* 0.97 1 

Trunk Fat (kg) 0.21* 0.82* 0.82* 0.96* 0.94* 1 

Trunk Fat BMI (kg/m2
) -0.00 0.74* 0.85* 0.93* 0.96* 0.97* 1 

Fat Ratio 0.02 0.13* 0.14* 0.16* 0.17 0.41* 0.41* 

* Significant at p <.0001 
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Table 2. Characteristics of dentate men according to BMI categories: MrOS dental study cohort 

Normal Overweight Obese 
Range 18.3-24.9 25.0-29.9 30.0- 44.1 
N (%) 254 (26.8%) 499 (52.6%) 196 (20.7%) p 

Site (% Birmingham) 45.3% 48.7% 57.7% 0.028 
Age at Dental Visit (years), Mean (SO) 75.3 (5.5) 7 4.1 (5.2) 73.3 (4 .6) <.0001 
Race, (%Black) 3.2% 5.0% 7.7% 0.097 
Education (% High School or Less) 13.8% 15.4% 19.9% 0.230 

Some Graduate School 44.1% 38.9% 35.2% 0.230 
ttsES, Community, Median (lnt Q Range) 7 (6-8) 7 (6-8) 7 (6-8) 0.073 

Self-Reported Health (% Excellent) 49.6% 41.5% 31 .1% 0.001 
Fair/PoorNery Poor(%) 6.7% 10.2% 8.7% 

Walking Daily for Exercise (%Yes) 55.1% 53.1% 44.9% 0.070 
Cigarette Smoking (% Never Smoked) 42.1% 39.3% 33.2% 0.0006 

20 or more pack years (% )21 23.2% 29.7% 42.4% 
Regular Pipe Smoker(% Yes) 24.4% 28.9% 28.1% 0.426 
Drinking (% 1 - 6 drinks per week) 32.3% 37.0% 36.2% 0.054 

>= 7 drinks/week 13.4% 18.5% 20.9% 

Medical History 
Diabetes 4.7% 9.8% 14.3% 0.002 
Arthritis (% Rheumatoid) 3.9% 5.0% 4.1% 0.0005 

% Non-Rheumatoid Arthritis 38.2% 39.9% 56.6% · 
Any heart disease 37.8% 47.7% 61 .7% <.0001 
COPD 11.4% 10.8% 9.2% 0.735 
Stroke 3.9% 4.0% 3.6% 0.964 

Medication Use 
Cox II Inhibitor 8.5% 8.4% 12.9% 0.202 
Non-Steroidal Anti Inflammatory Agent 10.6% 9.4% 12.9% 0.445 
Potassium Pump 8.5% 8.6% 11.2% 0.581 
HMG CoA Reductase Inhibitor 30.2% 32.7% 26.5% 0.338 

Oral Health Measures 
t Periodontitis, Tonetti (% Mild) 96.1% 98.6% 98.0% 0.084 

Periodontitis, Tonetti (% Severe) 39.4% 31 .9% 39.8% 0.050 
Periodontal Disease, CDC(% Moderate) 59.8% 62.5% 60.2% 0.725 
Periodontal Disease, CDC(% Severe) 25.6% 22.7% 25.5% 0.577 
Clinical Attachment Loss, Mean (SO) 3.0 (0.9) 2.9 (0.8) 3.0 (0. 7) 0.330 
Pocket Depth, Mean (SO) 2.5 (0.4) 2.5 (0.4) 2.6 (0.6) 0.276 

tt Number of Teeth (Whole Mouth)** 25 (21-27) 25 (21 - 27) 24 (20-26) 0.001 
tt Plaque Index, Median (lnt Q Range) 1.0 (0.7 -1.3) 1.0(0.8-1.4) 1.0 (0.8 -1.4) 0.405 
tt Gingival Bleeding Index, Med (lnt Q R) 1.0 (0.8 -1.4) 1.0 (0.9 -1.4) 1.0 (1 .0 -1.4) 0.408 
tt Calculus Index, Median (lnt Q Range) 0.3 (0.1 - 0.6) 0.3 (0.1 - 0.6) 0.3 (0.0- 0.8) 0.387 

Annual Dental Visits, (% No) 10.60% 17.50% 21.90% 0.004 

Follow-up time (Years) 2.73 (0.16) 2.73 (0 .17) 2.72 (0 .16) 0.544 
Interim Dental Visit(% No) 6.3% 5.2% 8.2% 0.340 
Interim Treatment for Gums (% Yes) 11.6 11.0 14.4 0.445 
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Percentages do not add to 100% due to rounding . SES Socio-Economic Status ; Pearson chi-squared tests were used to determine 

p-values for categorical variables with adequate cell sizes. t Fisher's exact test was used for variables with small cell sizes. 

Generalized linear models were used to determine p-values for normally distributed continuous variables. tt Wilcoxon Rank Sum 

Tests were used for variables without a normal distribution. ** Number of Teeth is for the whole mouth, excluding wisdom teeth 

(max N=28) . 
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Table 3. Risk ratios for periodontitis progression for all measures of obesity 

No baseline periodontitis Baseline periodontitis 

1 2 1 2 
RR RR RR RR 
95% Cl 95% Cl 95% Cl 95% Cl 

BMI categories 
Normal ref ref ref ref 
Overweight 0.94 (0 .73-1.21) 0.99 (0 . 79-1 .25) 1 . 0 1 ( 0. 6 8-1 . 51 ) 1.08 (0.74-1.58) 
Obese 0.94 (0.68-1.30) 0.91 (0.68-1 .23) 1.10 (0.70-1 .74) 1.14 (0.73-1.78) 

Body fat index quintiles 
1 ref ref ref ref 
2 1.01 (0.72-1.40) 1.10 (0.82-1.49) 1.27 (0. 73-2 .20) 0.98 (0.59-1.63) 
3 0.85 (0 .60-1 .19) 0.81 (0 .59-1 .11) 1.44 (0 .83-2.50) 1.21 (0 .72-2.01) 
4 0.84 (0.59-1 .19) 0.81 (0.58-1 .11) 1.04 (0 .58-1.87) 0.81 (0.47-1.40) 
5 1.06 (0.77-1.46) 0.91 (0.67-1.22) 1.39 (0.82-2 .37) 1.14 (0 .68-1.89) 

Trunk fat index quintiles 
1 ref ref ref ref 
2 1.05 (0 .75-1.47) 1.05 (0 .78-1.42) 1.22 (0.72-2.06) 0.90 (0 .55-1.48) 
3 0.97 (0 .69-1 .36) 0.90 (0.65-1 .23) 1.01 (0 .57-1.81) 0.82 (0.48-1.42) 
4 0.93 (0 .65-1.32) 0.86 (0.62-1 .20) 0.96 (0.55-1 .69) 0. 75 (0.43-1.29) 
5 1.05 (0 . 75-1.48) 0.89 (0 .65-1.23) 1.32 (0.80-2.17) 1.05 (0 .64-1 .70) 

Trunk to extremity fat ratio 
1 ref ref ref ref 
2 0.93 (0 .68-1 .29) 0.85 (0 .63-1 .13) 0.95 (0 .56-1 .59) 0.90 (0.44-1.48) 
3 0.77 (0.55-1 .09) 0.75 (0 .55-1.03) 0.66 (0 .35-1.22) 0.82 (0.48-1.42) 
4 0.81 (0 .57-1 .14) 0. 78 (0 .57 -1.07) 0.86 (0.50-1.46) 0. 75 (0.43-1.29) 
5 1.04 (0.76-1.43) 1.01 (0 .76-1.33) 1.22 (0.76-1 .94) 1.05 (0 .64-1 .70) 

1: Unadjusted 2: Adjusted for age, site, diabetes, daily walking , and pipe smoking 
RR: Relative Risk , Cl : Confidence Interval, ref: reference group 
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Table 4. Risk ratios of periodontitis progression according to BMI categories for men with and 
without severe periodontitis at dental visit 1, according to site. 

RR 

BIRMINGHAM 

Without severe periodontitis (N = 307) 

Normal Ref 

Overweight 

Obese 

1.08 

1.02 

With severe periodontitis (N = 164) 

Normal Ref 

Overweight 

Obese 

PORTLAND 

1.03 

1.00 

Without severe periodontitis (N = 305) 

Normal Ref 

Overweight 

Obese 

0.78 

0.59 

With severe periodontitis (N = 173) 

Normal Ref 

Overweight 

Obese 

0.98 

1.14 

RR: Relative Risk, Cl : Confidence Interval, ref: reference group 
Adjusted for age, site , diabetes, daily walking, and pipe smoking 
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Lower 95°/o Cl 

Ref 

0.82 

0.73 

Ref 

0.66 

0.58 

Ref 

0.49 

0.26 

Ref 

0.45 

0.46 

Upper 95% Cl 

Ref 

1.42 

1.42 

Ref 

1.61 

1.74 

Ref 

1.24 

1.35 

Ref 

2.13 

2.83 



Table 5. Risk ratios of periodontitis progression according to BMI categories for 435 men with 26 
or more teeth, with and without severe periodontitis at dental visit 1. 

RR 

Without severe periodontitis (N = 334) 

Normal Ref 

Overweight 

Obese 

0.93 

0.98 

With severe periodontitis (N = 101) 

Normal Ref 

Overweight 

Obese 

0.96 

0.95 

RR: Re lative Risk, Cl : Confidence Interval, ref: reference group 
Adjusted for age, site , diabetes, daily walking , and pipe smoking 
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Lower 95%> Cl Upper 95% Cl 

Ref Ref 

0.74 1.16 

0.69 1.38 

Ref Ref 

0.52 1.76 

0.45 2.00 



APPENDIX 

Item 1. List of variables included in analysis 

SAS Name Label From 

Body Composition Variables 
HWMEAS1 Standing Height V1 

HWWGT Weight (kg) V1 
HWBMI BMI V1 
BDTBMKG Weight (kg) DXA V1 
BDTBFKG Fat Mass (kg) DXA V1 
BDTKFKG Trunk Fat Mass V1 
BDTBFBMI Fat BMI c 
trunkBMI Trunk Fat BMI c 
Ratio Fat Mass Ratio c 
qFat Fat Mass quintiles c 
qTrunk Trunk Fat quintiles c 
qRatio Ratio quintiles c 
BMI Cat BMI Categories c 

Periodontal Disease 
ZZPDON6A Tonetti- Mild V1 
ZZPDON6B Tonetti- Severe V1 
ZZPDON7 CDC- Severe V1 
ZZPPROG Tonetti Progression V1 

Demographic 
SITE Site (Portland or Birmingham) V1 
VDAGE1RG Age (Groups) V1 
GIERACE Race B 
GILIVE Where does subject live? B 
GIEDUC Education Level 8 
CISELAD1 SES (USA) 8 
CISELAD2 SES (Community) 8 
MARRIAGE Is subject married? B 
edu Education Level (three category) c 
Marit Marital Status (two category) c 

Lifestyle 
PASCORE PASE Score 8 
SRHEALTH Self-Reported Health Score B 
CIPIWALK Daily Walking (Yes/No) 8 
TUPIPE Ever Regular Pipe Smoker 8 
TUSNUFF Past/Current Snuff User B 
SMOKER Ever/>20+/>=20 Pack Years c 
cDRINK Never/> 7drinksperweek/> ?drinks ... c 

Medical History 
MHDIAB Diabetes B 
MHMI Heart Attack 8 
MHANGIN Angina B 
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MHBP High Blood Pressure B 
MHCHF Congestive Heart Failure B 
MHCOPD COPD B 

comorbid Comorbidity in General c 
heart All Heart Conditions c 
Rheum Arthritis (None, Non-Rheum, Rheum) c 
Medication Use 
MUCABLOK Calcium Channel Blockers 
MUCOXII Cox II Inhibitors 
MUNSAIDS NSAIDS 
MUPPUMP Potassium Pump 
MUST A TIN Statins 

Dental Variables 
ZZGIT Gingival Index V1 
ZZCIT Calculus Index V1 
ZZPLIT Plaque Index V1 
ZZCALM Clinical Attachment Loss (mean) V1 
ZZPDM Pocket Depth (mean) V1 
ANNDENTVIS Annual Dental Visits V1 
ZZNTBS Number of Teeth V1 
ZFDENTV1 Been to Dentist Since Last Visit V2 
ZFGUM Had Gum Tx Since Last Visit V2 

Follow Up Time 
VD21FUTM Follow-Up Time V2 

* B = MrOS baseline, V1 = dental visit 1, V2 = follow up 2 C = calculated 
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Item 2. Characteristics of dentate men according to Whole Body Fat Mass Index (Kg/m2
): MrOS 

dental study cohort 

Quintiles 2 3 4 5 
Range 2.2-5.2 5.2-6.3 6.3-7.3 7.3-8.8 8.8-20.0 p 

N 190 190 189 191 189 

74 87 96 95 119 
0.0001 Site (% Birmingham) 

(39.0%) (45.8%) (50.8%) (49.7%) (63.0%) 
75.1 73.7 73.9 74.8 73.5 

0.008 Age at Dental Visit (years), Mean (SD) 
(5.4) (5.3) (5.0) (5.5%) (4.8%) 
9 10 13 7 9 

0.70 Race, (% Black) 
(4.7%) (5.3%) (6.9%) (3.7%) (4.8%) 
29 19 31 31 41 

0.03 Education (% High School or Less) 
(15.3%) (10.0%) (16.4%) (16.2%) (21.7%) 
88 80 71 77 59 

Some Graduate School 
(46.3%) (42.1%) (37.6%) (40.3%) (31.2%) 

tt SES, Community, Median (lnt Q Range) 7 (6-8) 7 (6-8) 7 (6-8) 7 (6-8) 7 (6-8) 0.04 

100 96 70 70 58 
0.0002 Self-Reported Health (% Excellent) 

(52.6%) (50.5%) (37.0%) (36.7%) (30.7%) 
12 12 18 22 21 

Fair/PoorNery Poor(%) 
(6.3%) (6.3%) (9.5%) (11.5%) (11.1%) 
158.3 160.7 151.5 145.5 150.2 

0.17 PASE SCORE, Mean (SD) 
(67.4) (69.5) (63.6) (64.1) (72.1) 
93 103 108 102 87 

0.20 Walking Daily for Exercise (%Yes) 
(49.0%) (54.2%) (57.1%) (53.4%) (46.0%) 
82 70 73 86 57 

< 0001 Cigarette Smoking (% Never Smoked) 
(43.2%) (36.8%) (38.6%) (45.0%) (30.2%) 
36 56 54 53 91 

20 or more pack years(%) 
(19.0%) (29.5%) (28.6%) (27.8%) (48.2%) 
48 55 48 58 52 

0.76 Regular Pipe Smoker(% Yes) 
(25.3%) (29.0%) (25.4%) (30.4%) (27.5%) 
61 60 65 79 72 

0.13 Drinking (% 1 - 6 drinks per week) 
(32.1%) (31.6%) (34.6%) (41.4%) (38.1 %) 
25 34 38 32 38 

>= 7 drinks/week 
(13.2%) (17.9%) (20.2%) (16.8%) (20.1%) 

Medical History 
12 17 24 24 12 

0.06 Diabetes 
(6.3%) (6.3%) (9.0%) (12.6%) (12.7%) 
68 79 105 91 112 

<.0001 Any heart disease, Yes, N(%) 
(35.8%) (41.6%) (55.6%) (47.6%) (59.3%) 
15 26 16 18 26 

0.16 COPD 
(7.9%) (13.7%) (8.5%) (9.4%) (13.8%) 
9 4 10 5 

9 (4.8%) 0.37 Stroke 
(4.7%) (2.1 %) (5.3%) (2.6%) 

Medication Use (%) 
15 13 17 7 19 (11.7%) 0.43 Cox II Inhibitor (5.6%) (9.8%) (8.2%) (11.0%) 

16 15 13 14 
21 (12.9%) 0.56 Non-Steroidal Anti Inflammatory Agent (12.8%) (9.8%) (8.2%) (9.0%) 

35 46 58 49 43 (26.4%) 0.33 HMG CoA Reductase Inhibitor (28.0%) (30.1%) (36.7%) (31.6%) 

Oral Health Measures 
186 189 184 186 183 

0.47 t Periodontitis, Tonetti (% Mild) (97.9%) (96.3%) (98.4%) (99.0%) (97.4%) 
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Periodontitis, Tonelli (% Severe) 72 70 56 69 
70 (37 0%) 0.45 

(37.9%) (36.8%) (296%) (36.1%) 

Periodontal Disease, CDC (%Moderate) 119 114 119 116 114 
0.96 

(62.6%) (60.0%) (63.0%) (60.7%) (60.3%) 

Periodontal Disease, CDC (% Severe) 49 47 46 41 45 (23.8%) 0.90 
(25.8%) (24.7%) (24.3%) (21.5%) 

Clinical Attachment Loss, Mean (SO) 3.1 (0.9) 3.0 (0.8) 2.9 (0.8) 2.9 (0.7) 3.0 (0.8) 0.55 

Pocket Depth, Mean (SO) 2.5 (0.4) 2.5 (0.5) 2.5 (0.4) 2.5 (0.5) 2.5 (0.6) 0.84 

tt Number of Teeth (Whole Mouth)** 25 (21- 26 (21- 26 (22- 25 (21-
24 (19-26) 0.002 

27) 27) 27) 27) 
tt Plaque Index, Median (lnt Q Range) 1.0(0.7- 1.0 (0.7- 1.0 (0.8- 1.1 (0.8- 1.0 (0.9-

0.23 
1 3) 1.3) 1.3) 1.5) 1.3) 

tt Gingival Bleeding Index, Median (lnt Q 1 0 (0.8- 1.0 (0.9- 1.0 (0.9- 1.1 (1.0- 1.0 (1.0-
0.56 

Range) 1.4) 1.3) 1.4) 1.5) 1.4) 

tt Calculus Index, Median (lnt Q Range) 0.3 (0.1- 0.3 (0.1- 0.3 (0.1- 0.3 (0.0- 0.3 (0.0- 0.96 
0.6) 0.5) 0.8) 0.6) 0.7) 

Annual Dental Visits, (% No) 22 26 31 36 42 .0478 
(11.6%) (13.8%) (16.4%) (18.9%) (22.2%) 

Follow-up time (Years) 2.7 (0.2) 2.8 (0.2) 2.7 (0.2) 2.7 (0.2) 2.7 (0.1) 0.0044 

Interim Dental Visit (% No) 9 15 9 12 
13 (6.9%) 0.65 

(4.7%) (7.9%) (4.8%) (6.3%) 

Interim Treatment for Gums (% Yes) 23 26 22 15 
25 (13.4%) 0.47 

(12.2%) (13.8%) (117%) (81%) 

Percentages do not add to 100% due to rounding. SES Socio-Economic Status; Pearson chi-squared tests were used to determine 

p-values for categorical variables with adequate cell sizes. t Fisher's exact test was used for variables with small cell sizes. 

Generalized linear models were used to determine p-values for normally distributed continuous variables. tt Wilcoxon Rank Sum 

Tests were used for variables without a normal distribution. ** Number of Teeth is for the whole mouth, excluding wisdom teeth 

(max N=28) 
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Item 3. Characteristics of dentate men according to trunk fat mass index quintiles (Kg/m2
): MrOS 

dental study cohort 

2 3 4 5 
Range 

0.9-2.8 2.8-3.5 3.5-4.2 4.2-5.0 5.0-9.9 p 
N(%) 

189 190 191 190 189 

71 91 93 98 118 
<.0001 Site (% Birmingham) 

(37.6%) (47.9%) (48.7%) (51.6%) (62.4%) 
75.4 73.7 74.2 74.3 73.6 

0.0073 Age at Dental Visit (years), Mean (SD) 
(5.5) (5.2) (5.2) (5.4) (4.6) 
14 12 8 9 5 

0.25 Race,(% Black) 
(7.4%) (6.3%) (4.2%) (4.7%) (2.7%) 
25 24 31 31 40 

0.13 Education(% High School or Less) 
(13.2%) (12.6%) (16.2%) (16.3%) (21.2%) 
88 78 70 78 61 

Some Graduate School 
(46.6%) (41.1%) (36.7%) (41.1%) (32.3%) 

tt SES, Community, Median (lnt Q Range) 7 (6-8) 7 (6-8) 7 (6-8) 7 (6-8) 7 (6-8) 0.74 

99 91 78 72 54 
0.0007 Self-Reported Health (% Excellent) 

(52.4%) (47.9%) (40.8%) (37.9%) (28.6%) 
12 15 17 19 22 Fair/PoorNery Poor(%) 
(6.4%) (7.9%) (8.9%) (10%) (11.6%) 
158.9 160.3 151.0 145.7 150.4 

0.18 PASE SCORE, Mean (SO) 
(70.1) (63.6) (66.9) (65.2) (71.1) 
96 105 109 97 86 

0.19 Walking Daily for Exercise(% Yes) 
(50.8%) (55.3%.) (57.1%) (51.1%) (45.5%) 
80 74 78 73 63 

0.0049 Cigarette Smoking (% Never Smoked) 
(42.3%) (39.0%) (40.8%) (38.4%) (33.3%) 
42 52 54 61 81 20 or more pack years (%) 
(22.2%) (27.4%) (28.3%) (32.1%) (42.9%) 
52 52 49 56 52 

0.95 Regular Pipe Smoker(% Yes) 
(27.5%) (27.4%) (25.7%) (29.5%) (27.5%) 
104 93 85 82 80 

0.19 Drinking (% 1 - 6 drinks per week) 
(55.0%) (49.0%) (44.5%) (43.4%) (42.3%) 
26 34 35 41 31 

>= 7 drinks/week 
(13.8%) (17.9%) (18.3%) (21.7%) (16.4%) 

Medical History 
17 24 25 9 14 

0.0229 Diabetes 
(4.8%) (7.4%) (8.9%) (12.6%) (13.2%) 
62 85 103 93 112 

<.0001 Any heart disease, Yes, N(%) 
(32.8%) (44.7%) (53.9%) (49.0%) (59.3%) 
15 24 19 21 22 

0.63 COPD 
(7.9%) (12.6%) (10.0%) (11.1%) (11.6%) 
9 5 8 7 8 

0.86 Stroke 
(4.8%) (2.6%) (4.2%) (3.7%) (4.2%) 

Medication Use(%) 
11 16 15 20 

0.57 Cox II Inhibitor 9 (7.2%) 
(7.3%) (10.1%) (9.9%) (12.0%) 

14 17 13 13 22 
0.56 Non-Steroidal Anti Inflammatory Agent (11.2%) (11.3%) (8.2%) (8.6%) (13.2%) 

32 45 55 51 48 
0.46 HMG CoA Reductase Inhibitor (25.6%) (29.8%) (34.6%) (33.6%) (28.7%) 

Oral Health Measures 
190 184 185 185 184 

0.07 t Periodontitis, Tonetti (% Mild) (97 9%) (97.4%) (96.3%) (100%) (97.4%) 
73 66 57 68 73 

0.36 Periodontitis, Tonetti (%Severe) (38.6%) (34.7%) (29.8%) (35.8%) (38.6%) 
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Periodontal Disease, CDC (% Moderate) 
111 123 114 115 119 

0.74 (58.7%) (64.7%) (59 7%) (60.5%) (63.0%) 

Periodontal Disease, CDC(% Severe) 
56 40 45 45 42 

0.34 (29.6%) (21.1%) (23.6%) (23.7%) (222%) 

Clinical Attachment Loss, Mean (SO) 3.1 (0.8) 3.0 (0.8) 2.9 (0.9) 2.9 (0.7) 3.0 (0.8) 0.26 

Pocket Depth, Mean (SO) 2.5 (0.4) 2.5 (0.4) 2.5 (0 5) 2.5 (0.5) 2.5 (0.6) 0.89 

tt Number of Teeth (Whole Mouth)** 
25 (22- 25 (20- 26 (22- 25 (20- 24 (20-

0.0117 27) 27) 27) 27) 27) 
tt Plaque Index, Median (lnt Q Range) 

1.0 (0.7 1.0 (0.7 1.0 (0.7 1.1 (0.8 1.0 (0.9 
0.16 -1.3) -1.3) - 1.4) - 1.4) - 1.3) 

tt Gingival Bleeding Index, Median (lnt Q 1.0 (0.8 1.0 (0.8 1.0 (0.9 1.0 (1.0 1.0 (1.0 
0.41 

Range) - 1.4) -1.3) -1.5) -1.5) -1.3) 

tt Calculus Index, Median (lnt Q Range) 
0.3 (0.1 0.2 (0.1 0.3 (0.1 0.3 (0.1 0.3 (0.0 

0.19 - 0.7) - 0.5) - 0.8) - 0.7) - 0.7) 

Annual Dental Visits, (% No) 
25 20 36 36 40 

0.03 (13.2%) (10.6%) (18.9%) (19.0%) (21.2%) 

Follow-up time (Years) 2.7 (0.2) 2.7 (0.2) 2.7 (0.2) 2.7 (0.2) 2.7 (0.2) 0.48 

Interim Dental Visit(% No) 9 10 14 12 13 
0.82 (4.8%) (5.3%) (7.3%) (6.3%) (6.9%) 

Interim Treatment for Gums(% Yes) 25 21 24 18 23 
0.80 (13.4%) (11.1%) (12.8%) (9.6%) (12.4%) 

Percentages do not add to 100% due to rounding. SES Socio-Economic Status; Pearson chi-squared tests were used to determine 

p-values for categorical variables with adequate cell sizes. t Fisher's exact test was used for variables with small cell sizes. 

Generalized linear models were used to determine p-values for normally distributed continuous variables. tt Wilcoxon Rank Sum 

Tests were used for variables without a normal distribution. ** Number of Teeth is for the whole mouth, excluding wisdom teeth 

(max N=28). 
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Item 4. Characteristics of dentate men according to fat ratio quintiles: MrOS dental study cohort 

2 3 4 5 
Range 0.5-1.1 1.1- 1.2 1.2-1.4 1.4-1.5 1.5-2.2 p 

N(%) 190 190 190 190 189 

Site (% Birmingham) 84 (44.2%) 97(51.1%) 99 (52.1%) 95 (50%) 96 (50.8%) 0.56 
Age at Dental Visit 

74.9 (5.6) 73.9 (5.4) 74.3 (5.4) 74.3 (4.7) 73.8 (5.0) 0.27 (years), Mean (SO) 

*Race, (%Black) 27 (14.2%) 13 (6.8%) 
4 3 

1 (0.5%) <.0001 
(2.1%) (1.6%) 

Education (% High School 
28 (14.7%) 36 (19.0%) 31 (16.3%) 28 (14.7%) 28 (14.8%) 0.31 or Less) 

Some Graduate 
87 (45.8%) 70 (36.8%) 69 (36.3%) 83 (43.7%) 66 (34.9%) 

School 
tt SES Commun., Median 7 (6-8) 7 (6-8) 7 (6-8) 7 (6-8) 7 (6-8) 0.41 

Self-Reported Health (% 
81 (42.6%) 92 (48.4%) 72 (37.9%) 74 (39.0%) 75 (39.7%) 0.59 Excellent) 

Fair/PoorNery Poor 
18 (9.5%) 14 (7.4%) 16 (8.4%) 20 (10.5%) 17 (9.0%) (%) 

PASE SCORE, Mean 
160.1 (63.1) 151.8 (69.7) 151.2 (66.2) 149.5 (73.9) 153.7 (64.2) 0.59 (SO) 

Walking Daily for Exercise 
101 (53.2%) 93 (49.0%) 100 (52.6%) 104 (54.7%) 95 (50.3%) 0.80 (%Yes) 

Cigarette Smoking (% 82 
72 (37.9%) 71 (37.4%) 

74 
69 (36.5%) 0.84 Never) (43.2%) (39.0%) 

20 or more pack 
55 (29.0%) 63 (33.2%) 62 (32.6%) 55 (29.0%) 55 (29.1%) years(%) 

Regular Pipe Smoker (% 
50 (26.3%) 52 (27.4%) 56 (29.5%) 55 (29.0%) 48 (25.4%) 0.89 Yes) 

Drinking (% 1 - 6 drinks 
73 (38.4%) 60 (31.6%) 77 (40.5%) 61 (32.1%) 66 (35.1%) 0.24 per week) 

>= 7 drinks/week 23 (12.1%) 36 (19.0%) 36 (19.0%) 34 (17.9%) 38 (20.2%) 0.24 

Medical History 
Diabetes 16 (8.4%) 15 (7.9%) 15 (7.9%) 17 (9.0%) 26 (13.7%) 0.24 
Any heart disease, 

72 (37.9%) 94 (49.5%) 91 (47.9%) 94 (49.5%) 104 (55.0%) 0.02 Yes, N(%) 
COPD 13 (6.8%) 20 (10.5%) 23 (12.1%) 22 (11.6%) 23 (12.2%) 0.41 
Stroke 7 (3.7%) 11 (5.8%) 6 (3.2%) 6 (3.2%) 7 (3.7%) 0.66 

Medication Use (%) 
Cox II Inhibitor 12 (8.6%) 11 (7.6%) 22 (14.6%) 15(9.5%) 11 (6.8%) 0.16 
NSAID 19 (13.7%) 15 (10.3%) 12 (8.0%) 17 (10.8%) 16 (1 0.0%) 0.63 
HMG CoA 

31 (22.3%) 45 (31.0%) 49 (32.5%) 46 (29.1%) 60 (37.3%) 0.08 
Reductase Inhibitor 

Oral Health Measures 

t Periodontitis, Tonetti 
187 (98.4%) 185 (97.4%) 185 (97.4%) 188 (99.0%) 183 (96.8%) 0.62 (%Mild) 

Periodontitis, Tonetti 
69 (36.3%) 66 (34.7%) 60 (31.6%) 69 (36.3%) 73 (38.6%) 0.69 (%Severe) 

Periodontal Disease, 
110 (57.9%) 112 (59.0%) 118 (62.1%) 117 (61.6%) 125(66.1%) 0.51 CDC(% Moderate) 

Periodontal Disease, 50 (26.3%) 48 (25.3%) 44 (23.2%) 47 (24.7%) 39 (20.6%) 0.73 
CDC (% Severe) 
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Clinical Attachment 
3.0 (0.7) 3.0 (0.7) 2.9 (0.9) 3.0 (0.8) 3.0 (0.8) 0.89 Loss, Mean (SD) 

Pocket Depth, Mean 
2.5 (0.4) 2.5 (0.4) 2.5 (0.4) 2.6 (0.6) 2.5 (0.5) 0.47 

(SO) 
tt Number of Teeth 

26 (20-27) 25 (21- 27) 25 (21- 27) 25 (21-27) 24 (21-27) 0.64 (Whole Mouth)** 

tt 
Plaque Index, 
Median (lnt Q 1.0 (0.7-1.5) 1.0 (0.6-1.3) 1.1 (0.8-1.4) 1.0 (0.7-1.3) 1.1 (0.9 -1.3) 0.03 
Range) 

tt 
Gingival Bleeding 
Index, Median (lnt Q 1.0 (0.9-1.4) 1.0(0.9-1.4) 1.0 (0.9-1.3) 1.0 (0.9-1.4) 1.0(0.9-1.5) 0.80 
Range) 
Calculus Index, 

tt Median (lnt Q 0.3(0.1-0.7) 0.3 (0.1-0.6) 0.2 (0.1 - 0.7) 0.3 (0.1- 0.7) 0.3 (0.0- 0.8) 0.93 
Range) 
Annual Dental Visits, 

34 (17.9%) 30 (15.8%) 26 (13.7%) 36 (19.0%) 31 (16.5%) 0.69 (%No) 

Follow-up time 
2.7 (0.2) 2.7 (0.2) 2.7 (0.2) 2.7 (0.2) 2.7 (0.2) 0.72 (Years) 

Interim Dental Visit 
11 (5.8%) 8 

11 (5.8%) 14 (7.4%) 14 (7.4%) 0.67 (%No) (4.2%) 

Interim Treatment for 
26 (13.9%) 18 (9.5%) 16 (8.5%) 23 (12.4%) 28 (15.0%) 0.23 Gums(% Yes) 

Percentages do not add to 100% due to rounding. SES Socio-Economic Status; Pearson chi-squared tests were used to determine 

p-values for categorical variables with adequate cell sizes. t Fisher's exact test was used for variables with small cell sizes. 

Generalized linear models were used to determine p-values for normally distributed continuous variables. tt Wilcoxon Rank Sum 

Tests were used for variables without a normal distribution. • Osteoporotic Fractures in Men Study •• Number of Teeth is for the 

whole mouth, excluding wisdom teeth (max N=28) 
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Item 5. Prevalence of severe periodontitis at dental visit 1 in analytic cohort 

Site 

Age 

Portland 
Birmingham 

Age 64-69 
Age 70- 74 
Age 75- 79 
Age 80 + 

Race/Ethnicity 
White, non-Hispanic 
Black 

Education 
High School or less 
Some college or college 
Some graduate school or graduate school 

BMI (kg/m 2
) 

Normal (18- 25) 
Overweight (25 - 29) 
Obese (>30) 

Frequency of dental visits 
1 + visit per year 
< 1 visit per year 

Cigarette Smoking 
Never Smoked 
Less than 20 pack years 
20 or more pack years 

Current Smoker 
No 
Yes 

Comorbidity 
0 co-morbid condition 
2 co-morbid conditions 
> 2 co-morbid conditions 

Diabetes (Self-Report) 
No 
Yes 

COPD 
No 
Yes 

All Men 

Severe Periodontitis 
Prevalence(%) 

34.8 
36.2 

27.7 
34.7 
39.3 
40.8 

34.5 
54.2 

42.4 
37.1 
30.9 

39.4 
31.7 
39.8 

33.5 
45.9 

30.0 
30.9 
49.6 

60.0 
85.0 

35.3 
37.8 
43.5 

34.8 
42.7 

33.6 
51.5 

35.5 

p-value 

0.659 

0.028 

0.006 

0.03 

0.047 

0.003 

<.0001 

0.03 

0.02 

0.137 

0.0004 

Percentages do not add to 100% due to rounding. BMI, Body Mass Index. Pearson chi-squared tests for number of 
subjects and univariable logistic regression models for mean values were used to determine p-values. Number of 
teeth is for the whole mouth, excluding wisdom teeth (max N = 28). 
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Item 6. Distribution of characteristics according to progression status in men without 
periodontitis at dental visit 1. 

Progression 

Site (% Birmingham) 
Age at Dental Visit (years), Mean (SO) 
Race, (% Black) 

Education (% High School or Less) 
Some Graduate School 

n SES, Community, Median (lnt Q Range) 

Self-Reported Health (% Excellent) 
Fair/PoorNery Poor (%) 

PASE SCORE, Mean (SO) 
Walking Daily for Exercise(% Yes) 
Cigarette Smoking (% Never Smoked) 

20 or more pack years (%) 

Regular Pipe Smoker(% Yes) 
Drinking (% 1 - 6 drinks per week) 

>= 7 drinks/week 

Medical History 

Diabetes 
Any heart disease, Yes, N(%) 
COPD 

Stroke 

Medication Use(%) 

Cox II Inhibitor 
Non-Steriodal Anti Inflammatory Agent 
HMG CoA Reductase Inhibitor 

Oral Health Measures 
t Periodontitis, Tonetti (% Mild) 

Periodontal Disease, CDC (% Moderate) 

Periodontal Disease, CDC (% Severe) 
Clinical Attachment Loss, Mean (SO) 
Pocket Depth, Mean (SO) 

tt Number of Teeth (Whole Mouth)** 
tt Plaque Index, Median (lnt Q Range) 
tt Gingival Bleeding Index, Median (lnt Q Range) 
tt Calculus Index, Median (lnt Q Range) 

Annual Dental Visits, (% No) 

Follow-up time (Years) 
Interim Dental Visit(% No) 

Interim Treatment for Gums (% Yes) 

N (%) 
No 

396 (64.7%) 

154 (38.9%) 

73.7 (5.1) 

15 (3.8%) 

54 (13.6%) 

165 (41.7%) 

7 (6-8) 

173 (43.7%) 

34 (8.6%) 

152.9 (63.2) 

210 (53.0%) 

162 (40.9%) 

95 (24.0%) 

122 (30.8%) 

123 (31.1%) 
86 (21.7%) 

34 (8.6%) 
188 (47.5%) 

29 (7.3%) 

13 (3.3%) 

22 (7.0%) 

31 (9.8%) 
98 (31.1%) 

300 (75.8%) 

33 (8.3%) 

2.7 (0.4) 

2.5 (0.3) 

26 (22-27) 

1.0 (0.8 -1.3) 
1.1 (1.0-1.4) 

0.2 (0.0-0.6) 

58 (14.7%) 

2.7(0.2) 

22 (5.6%) 

30 (7.7%) 

Yes p 
216 (35.3) 

153 (70.8%) <.0001 
74.3 (5.3) 0.17 
7 (3.2%) 0.73 
33 (15.3%) 0.68 
94 (43.5%) 

7 (6-8) 0.02 

92 (42.6%) 0.95 
18 (8.3%) 

157.0 (75.7) 0.45 
114 (52.8%) 0.95 
103 (47.7%) 0.20 

51 (23.6%) 

45 (20.8%) 0.008 
91 (42.1%) 0.002 
26 (12.0%) 

17 (7.9%) 0.76 
102 (47.2%) 0.95 
20 (9.3%) 0.40 
5 (2.3%) 0.50 

23 (13.5%) 0.02 
20 (11.7%) 0.52 
55 (32.2%) 0.81 

132 (61.1%) 0.0001 
13 (6.0%) 0.30 
2.4 (0.5) <.0001 

2.3 (0.3) <.0001 
26 (24-27) 0.01 
1.0 (0.5 -1.2) 0.0036 
1.0 (0.5-1.0) <.0001 
0.2 (0.1-0.5) 0.27 
27 (12.6%) 0.48 

2.7 (0.1) 0.92 
14(6.5%) 0.64 
13 (6.0%) 0.43 

Percentages do not add to 100% due to rounding. SES Socio-Economic Status; Pearson chi-squared tests were used to determine 

p-values for categorical variables with adequate cell sizes. t Fisher's exact test was used for variables with small cell sizes. 

Generalized linear models were used to determine p-values for normally distributed continuous variables. tt Wilcoxon Rank Sum 

Tests were used for variables without a normal distribution. * Osteoporotic Fractures in Men Study ** Number of Teeth is for the 

whole mouth, excluding wisdom teeth (max N=28). 
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Item 7. Distribution of characteristics according to progression status in men with periodontitis at 
dental visit 1. 

Progression No Yes p 

N(%) 240 (71.2%) 97 (28.8%) 

Site (% Birmingham) 98 (40.8%) 66 (68.0%) <.0001 

Age at Dental Visit (years), Mean (SO) 74.8 (5.2) 75.0 (5.5) 0.83 

Race, (% Black) 18 (7.5%) 8 (8.3%) 0.82 

Education (% High School or Less) 46 (19.2%) 18 (18.6%) 0.64 

Some Graduate School 79 (32.9%) 37 (38.1%) 

tt SES, Community, Median (lnt Q Range) 7 (6-8) 7 (5-8) 0.0462 

Self-Reported Health (% Excellent) 96 (40.0%) 33 (34.0%) 0.25 

Fair/PoorNery Poor(%) 26 (10.8%) 7 (7.2%) 

PASE SCORE, Mean (SO) 150.7 (69.6) 152.5 (60.3) 0.82 

Walking Daily for Exercise (%Yes) 109 (45.4%) 60 (61.9%) 0.0063 

Cigarette Smoking (% Never Smoked) 79 (32.9%) 24 (24.7%) 0.34 

20 or more pack years(%) 99 (41.3%) 45 (46.4%) 

Regular Pipe Smoker(% Yes) 73 (30.4%) 21 (21.7%) 0.10 

Drinking (% 1 - 6 drinks per week) 82 (34.2%) 41 (42.3%) 

>= 7 drinks/week 46 (19.2%) 9 (9.3%) 0.0663 

Medical History 

Diabetes 21 (8.8%) 17 (17.5%) 0.02 

Any heart disease, Yes, N(%) 112 (46.7%) 53 (54.3%) 0.19 

COPD 35 (14.6%) 17 (17.5%) 0.50 

Stroke 12 (5.0%) 7 (7.2%) 0.42 

Medication Use (%) 

Cox II Inhibitor 14(7.6%) 12 (14.5%) 0.08 

*Non-Steriodal Anti Inflammatory Agent 24 (13.0%) 4 (4.8%) 0.05 

HMG CoA Reductase Inhibitor 47 (25.4%) 31 (37.4%) 0.0466 

Oral Health Measures 

Periodontal Disease, CDC(% Moderate) 99 (41.3%) 51 (52.6%) 0.0582 

Periodontal Disease, CDC (% Severe) 136 (56.7%) 46 (47.4%) 0.12 

Clinical Attachment Loss, Mean (SO) 3.7 (0.9) 3.5 (0.7) 0.0072 

Pocket Depth, Mean (SO) 2.8 (0.6) 2.6 (0.5) 0.0009 
tt Number of Teeth (Whole Mouth)** 22 (17-26) 24 (20-26) 0.04 
tt Plaque Index, Median (lnt Q Range) 1.2 (0.9 - 1.5) 1.1 (0.9 - 1.5) 0.65 
tt Gingival Bleeding Index, Median (lnt Q Range) 1.2 (1.0 - 1. 7) 1.0 (0.9- 1.3) <.0001 
tt Calculus Index, Median (lnt Q Range) 0.5 (0.2 - 1.1) 0.3 (0.1 - 0.9) 0.14 

Annual Dental Visits, (% No) 52 (21.7%) 20 (20.6%) 0.83 

Follow-up time (Years) 2.7 (0.2) 2.7 (0.2) 0.96 

Interim Dental Visit(% No) 12 (5.0%) 10 (10.3%) 0.07 

Interim Treatment for Gums (% Yes) 47 (19.8%) 21 (21.9%) 0.68 

Percentages do not add to 100% due to rounding. SES Socio-Economic Status; Pearson chi-squared tests were used to determine 

p-values for categorical variables with adequate cell sizes. t Fisher's exact test was used for variables with small cell sizes. 

Generalized linear models were used to determine p-values for normally distributed continuous variables. tt Wilcoxon Rank Sum 

Tests were used for variables without a normal distribution. *Osteoporotic Fractures in Men Study ** Number of Teeth is for the 

whole mouth, excluding wisdom teeth (max N=28). 

49 



Item 8. Two by two table of Center for Disease Control ("CDC") and European Group C severe 
periodontitis definitions 

CDC Severe Periodontitis 

No Yes Total 

T onetti Severe No 566 46 612 

Periodontitis Yes 155 182 337 

Total 721 228 949 

Kappa= 0.5012 (95% Cl: 0.44- 0.56) 
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Item 9. Differences between men in Portland, OR and Birmingham, AL 

Birmingham Portland p 

PROGRESSION, NO 251 (54%) 421 (80%) <.0001 
PROGRESSION, YES 218 (46%) 100 (19%) 

Since Dental Visit: 
Follow-Up Time (Days) 2.71 2.75 0.003 
Been to Dentist, No X X 0.96 
Had treatment for gums, Yes X X 0.2 

At Baseline: 
No Periodontitis 12 (3%) 10 (2%) 0.50 
Severe Periodontitis 167 (36%) 191 (37%) 0.73 
CDC Periodontitis: No 104 (22%) 22 (6%) <.0001 
CDC Periodontitis: Severe 92 (20%) 156(30%) 

Annual Dental Visits X X 0.18 
Number of Teeth, , Median (lntq Range) 25 (20- 27) 25 (21 - 27) 0.12 
Plaque Index, Median (lntq Range) 1 1.2 <.0001 
Gingival Index, Median (lntq Range) 0.2 0.4 <.0001 
Calculus Index, Median (lntq Range) 1 1.3 <.0001 

Age, Mean 73.1 (4.7) 75.2 (5.4) <.0001 
BMI (Kg/m"2) 27.2 26.2 <.0001 
Fat Index 7.4 6.7 <.0001 
Trunk Index 4.2 3.8 <.0001 
Trunk FaUNon-Trunk Fat Ratio 1.3 1.3 0.66 

Edu ::; High School 109 (23%) 167 (32%) 0.005 
College Grad < Edu ::; Grad School Graduate 148 (32%) 131 (25%) 
SES Ladder, Community 7 (6-9) 7 (6-8) 0.006 
Race, White 433 (92%) 457 (88%) <.0001 
Race, Black 31 (7%) 17 (3%) 
Race, Asian Hispanic and Other Non-White 5 (1%) 47 (9%) 

Heart Disease, Yes, N (%) 247 (53%) 305 (59%) 0.06 
--Congestive Heart Failure, Yes, N (%) 21 (5%) 28 (7%) 0.06 

Meds: Cox II Inhibitor, Yes, N (%) 56 (14%) 12 (3%) <.0001 
Meds: Non-Steroidal Anti-lnflamm, Yes, N (%) 53 (13%) 29 (7%) 0.01 
Meds: Potassium Pump, Yes, N (%) 47 (12%) 22 (6%) 0.002 

x = data not shown 
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Item 10. Literature Table 

First Author Year Title I 

Study Locale I Size I Body Fat I PD 

I 
Findings and 

Type Measures Definition Notes 
HUMAN RESEARCH STUDIES 
Al-Zahrani 2003 cs Obesity and Periodontal Disease in Young, Middle-Aged, and Older Adults 

NHANES III I 12k 1 BMI, we 1 PD I young (18-34) only 
Dalla V ecchia 2005 cs Obesity and Overweight as Risk Indicators for periodontitis in adults 

Brasil I I BMI, I I effect m. by gender 
T orrungruang 2005 cs Risk indicators of periodontal disease in older Thai adults 

Thailand I I BMI, we I l no assoc. , elderly 
Borges-Yanez 2006 cs Risk factors and prevalence of periodontitis in community dwelling elders 

Mexico I 316 I I I no asss.,elderly 
Genco 2005 cs A proposed model linking inflammation to obesity, diabetes, and perio infections 

NHANES III I 12k I BMI I CAL I small I 
Linden 2007 cs Obesity and periodontitis in 60 to 70 year old men 

N. Europe I I obesity I pdontitis l elderly 
Saito 2005 Relationship between obesity, glucose tolerance, and perio disease in Japanese women 

cs Japan I IWHR I I 
Saito 2001 Relationship between upper body obesity and periodontitis 

cs Japan I 642 I U. Body IPD I 
Saito 1998 Obesity and periodontitis 

cs Japan .[241 I BMI I CPITN I 
Wood 2003 Comparison of body composition and periodontal disease 

NHANES III I 12k I I I 
Alabdulkarim 2005 cs Aveolar Bone Loss in Obese Subjects 

S. Arabia 1400 I BMI I bone loss I not in > 40 yrs 
ANIMAL STUDIES 
Perlstein 1977 Influence of obesity and hypertension on severity of periodontitis in rats 

_j ___ I --- -·- I - I I .I rats 
---
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First Author Year Title and notes 

REVIEW ARTICLES 
Maths-Vlieg 2007 Oral aspects of obesity 
Pischon 2007 Obesity, Inflammation, and Periodontal Disease 
Saito 2007 Metabolic disorders related to obesity and periodontal disease 

SUPPORTING ARTICLES II- PD, OBESITY and INFLAMMATION, CHRONIC DISEASES 
Seymour 2007 Periodontal infections and systemic disease, New Zealand 
Phipps 2007 Skeletal bone density is not a risk factor, MrOS 
Phipps 2007 Periodontal Health of Older Men 
Al-Zahrani 2005 Exercise helps, NHANES III 
Garcia 2001 Periodontal disease and systemic health 
Southerland 2006 Commonality in chronic inflammatory diseases 
Dietrich 2005 PD and systemic disease: eval strength of evidence 
Sakai 2006 cytokines in gingival crevicular fluid 
Kinane 1999 Periodontitis modified by systemic factors 
Huynh-Ba 2007 Composite IL-l genotype with periodontitis progression: systematic review 
Nishida 2005 Determination of smoking and obesity risk using regression tree 
Weyant 2004 Periodontal disease and weight loss 

l 
SUPPORTING ARTICLES III- OBESITY AND INFLAMMATION, and the elderly 
Yudkin 1999 C-Reactive Protein and Obesity in Healthy Subjects 
Jipsen 2005 Nutrition and Inflammation in the elderly 
Visser 1999 CRP levels in obese and overweight adults 
Festa 2001 body fat mass and distribution of inflammatory markers 
Marin 1992 morphology and metabolism of abdominal adipose tissue 
Goodpaster 2005 obesity, regional body fat distribution, and metabolic syndrome 
Fox 2007 additional risks of ab fat 
Gallagher 2000 weight stability masks change to more fat in elderly 
Borkan 1982 age changes revealed by computer tomography 
Bretz 2005 Inflammatory markers, Perio diseases in an elderly population ----
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I I I I I I 
SUPPORTING ARTICLES III- PERIODONTAL DISEASE DEFINITIONS/Methodology 
Der Velden 2005 Purposes and problems of periodontal disease classification 
Tonetti 2005 Advances in the progression of periodontitis and proposal of definitions 
Page 2007 CDC Definition 
Andriank:aja 2006 The use of different measurements and definitions of periodontal disease 
Kingman 2002 Methodological Aspects 
Beck 1994 Methods for assessing risk for periodontitis and developing multifactorial models 

l I I I l I 
SUPPORTING ARTICLES: PERIODONTAL DISEASE EPIDEMIOLOGY (general) 
Kinane 2006 Environmental and other modifying factors of periodontal diseases 
Alban dar 2002 Global epidemiology of periodontal disease 
Alban dar 2002 Global risk factors 
Palmer 2005 Mechanisms of action of environmental factors 
Schenk:ein 2006 Host responses 
Forner 2006 Incidence of bacteremia after chewing 
Amerud 1991 The natural history and clinical course of calculus formation in man 
Pihlstrom 2005 Periodontal diseases (in Lancet) 
Alban dar 1999 NHANES: PD in adults 30 years of age and older 
Borrell 2005 Analytical epidemiology of periodontitis 
Heitz-May ... 2005 Disease progression: identification of high risk groups and individuals 
Papapanou 1996 Periodontal diseases: epidemiology 
Acam. Report 2005 Epidemiology of periodontal diseases 
Kibayashi 2007 Longitudinal Study: Smoking as Periodontitis Risk 
Ogawa 2002 Risk factors for periodontal disease progression among elderly 
Nordstrom 1998 9 year longitudinal study of in 70- and 79- year old cohorts in Sweden 
Rivera-Hida. 2003 Smoking an_Si_periodontal disease 
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