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Abstract
Aims—To examine whether overweight and obesity indicators – body mass index, waist
circumference, and waist circumference-to-height ratio – predict progression of periodontal
disease in men.

Materials and Methods—Participants were 1038 medically healthy, non-Hispanic, white males
in the VA Dental Longitudinal Study who were monitored with triennial oral and medical
examinations between 1969 and 1996. Periodontal disease progression in an individual was
defined as having 2 or more teeth advance to levels of alveolar bone loss ≥40%, probing pocket
depth ≥5mm, or clinical attachment loss ≥5mm after baseline. Extended Cox regression analyses
estimated hazards of experiencing periodontal disease progression events due to overweight/
obesity status, controlling for age, smoking, education, diabetes, recent periodontal treatment,
recent prophylaxis, and number of filled/decayed surfaces.

Results—Body mass index and waist circumference-to-height ratio were significantly associated
with hazards of experiencing periodontal disease progression events regardless of periodontal
disease indicator. Adjusted hazard ratios for periodontal disease progression were 41-72% higher
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in obese men (body mass index ≥ 30 kg/m2) relative to men with both normal weight and waist
circumference-to-height ratio (≤50%).

Conclusion—Both overall obesity and central adiposity are associated with an increased hazards
of periodontal disease progression events in men.

Keywords
Overweight; Obesity; Body Mass Index; Waist Circumference; waist circumference-to-height
ratio; Periodontal Disease

INTRODUCTION
Periodontal disease is a chronic disease that affects approximately half of US adults aged 30
and older (Albandar, 2011), and is one of the primary causes of tooth loss (Murray et al.
1997, Phipps & Stevens 1995). Most recent cross-sectional studies and a meta-analysis of
obesity and periodontal disease have found significant positive associations between obesity
status and periodontal disease prevalence (Al-Zahrani et al. 2003, Wood et al. 2003, Saito et
al. 2001 & 2005, Linden et al. 2007, Sarlati et al. 2008, Khader et al. 2009, Chaffee &
Weston, 2010). In several studies, measures of abdominal obesity such as high waist
circumference (WC) and waist-to-hip ratio appeared to be more strongly related than overall
obesity (body mass index, or BMI) to higher periodontal disease prevalence (Kim et al.,
2010, Al-Zahrani et al. 2003, Wood et al. 2003).

The growing prevalence of overweight and obesity among US adults and children has raised
interest in using obesity-related indices to predict risks of many chronic health conditions,
including periodontal disease. Fat distribution, more so than total body fat, has been
postulated as a key predictor of disease risk. Although overweight and obesity in adults are
commonly defined by BMI, this index is not capable of describing body fat distribution.
Another marker used to predict obesity-related disease risk, WC, is a potentially useful
predictor as it is a measure of abdominal fat content and is associated with visceral fat
deposition. WC was reported to be an independent predictor of all-cause mortality, diabetes
mellitus (DM), and Coronary Artery Disease (CAD) in both men and women in a preventive
cardiology population (Bajaj et al. 2009). BMI was only associated with DM, but the
association disappeared when WC was added to the model.

WC is limited in that it does not account for differences in body height, and the ratio of WC
to height (waist-height ratio, or WHtR) has been proposed as a better screening tool for
cardiovascular risk, mortality, and intra-abdominal fat compared to BMI, WC and waist-hip
ratio (Schneider et al. 2007, Lin et al. 2002). Moreover, the degree of abdominal fat mass
can vary significantly within a narrow range of BMI (WHO, 2/12/2009) so that WHtR can
be used to identify subjects who are at higher risk of metabolic diseases even within the
normal weight category of BMI.

It is not clear whether measures of fat distribution are better predictors of periodontal
disease than BMI status. Furthermore, there is a lack of prospective studies evaluating
obesity status and periodontal disease incidence. The primary aim of this study was to
examine the association of multiple obesity-related characteristics of male participants in the
Department of Veterans Affairs Dental Longitudinal Study (DLS) with periodontal disease
progression, controlling for multiple risk factors. A second aim was to evaluate whether WC
and WHtR are related to periodontal disease independently of BMI, which may suggest a
specific role of visceral fat. Several clinical and radiographic measures of periodontal
disease indicators were available for analysis in this cohort.
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MATERIALS and METHODS
We examined 1038 white males in the DLS, a unique population of men who have
continuously had their oral health, weight status, medical health and lifestyle monitored
since the 1960s. The DLS is a closed-panel prospective study of aging and oral health that
began in 1969 by recruiting 1231 male participants from the ongoing VA Normative Aging
Study (Kapur et al. 1972). The Normative Aging Study (NAS) participants were all men
between the ages of 21 and 84 years who were initially free of chronic disease and lived in
the greater Boston metropolitan area. The participants were screened prior to NAS
enrollment in the mid 1960s to exclude those who had pre-existing cardiovascular disease,
cancer and diabetes. While the majority of the participants are veterans, they have not been
patients of the VA healthcare system and have received dental and medical care from private
health care providers during the study follow-up. Participants attend dental examinations
approximately every 3 years for assessments of periodontal status and oral health. The
protocols were approved by the Institutional Review Boards of the VA Boston Healthcare
System and Boston University Medical Campus. All participants gave informed consent on
approved forms prior to each examination.

Oral examinations
Alveolar bone loss (ABL) was measured on dental radiographs by superimposing a
transparent ruler on the tooth image with reference points at the cemento-enamel junction
(CEJ) and root apex. In the DLS, a modified Schei ruler method is used (Schei 1959) in
which ABL was recorded in increments of 20% of the distance from the CEJ to the tip of the
root. Probing pocket depth (PPD) was measured by calibrated examiners in millimeters
using a Williams probe at six sites per tooth (mesiobuccal, midbuccal, distobuccal,
mesiolingual, midlingual, and distolingual. In the first 6 examination cycles, probing pocket
depth was measured on a continuous scale but the maximum PPD for each tooth was
recorded on an interval scale (0 = ≤2mm; 1 = >2-≤3mm; 2 = >3-<5mm; 3 = ≥5mm). At
examination cycles 7 through 9, the measures were recorded as continuous millimeters.
However, we categorized them for data analysis according to the earlier interval scale.
Clinical attachment loss (CAL) measures were first recorded in 1981-1985 (examination
cycle 5) using the same instrument and scales as PPD measurements.

Restorations and caries on each surface were noted by the examiner and recorded. Three
levels of caries were distinguished: level 1 refers to caries of enamel only whereas levels 2
and 3 involve enamel and dentin. For data analysis, the total number of surfaces with
restorations (including crowns) and/or any level of caries was computed for each participant.

Third molars were excluded from all tooth counts.

Anthropometry
At each NAS examination, height was measured in inches on a stadiometer, and weight
(pounds) on a balance beam scale. The measurements were converted to meters and
kilograms for computation of body mass index (kg/m2). Waist circumference was measured
with the subject wearing little clothing and standing erect, relaxed, with arms at the sides
and feet together. The examiner faced the subject and placed an inelastic tape measure
around the narrowest part of the torso keeping the tape horizontal to the floor. The tape was
kept snug but did not compress the skin. The circumference measure, in units of 0.1 cm, was
taken at the end of a normal expiration. Categories of BMI were calculated based on the
accepted cut-off values of ideal BMI (18.1-24.9 kg/m2), overweight (25-29.9 kg/m2), and
obese >30 kg/m2). Waist circumference was categorized as desirable WC (≤102 cm) or high
WC (>102 cm). Waist-height ratio (WHtR) percentage was calculated by dividing WC (cm)
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by height (cm), and categorized as desirable (≤50%) or high WHtR (>50%) based on studies
by Ashwell et al. (2005) and Schneider et al. (2007).

Other information
Smoking status, frequency of toothbrushing and frequency of dental visitswere ascertained
by questionnaire at each dental examination. Participants reported the numbers of packs of
cigarettes smoked each day, and the number of dental visits and reasons for dental treatment
received in the year preceding the DLS examination. Current smoking status was defined as
use of any cigarettes within the previous year. Two treatment variables, for any periodontal
disease in past year (yes/no) and for any prophylaxis in past year (yes/no), were used in the
statistical analyses. Educational status was collected only at the baseline examination and
categorized as education beyond high school (yes/no). Information on medication use,
coronary heart disease diagnosis, and diabetes diagnosis was obtained during medical
examinations conducted by Normative Aging Study physicians. Diabetes diagnosis (yes/no)
was determined as positive if the participant was being treated for diabetes by his personal
physician or if he was taking insulin or an oral hypoglycemic drug. Although diabetics were
excluded at the NAS baseline, 6 men had developed the disease by 1969 when the DLS
began.

For this study, men were excluded if they had no teeth at baseline (n=73), no follow-up
examinations after baseline (n=113), baseline body mass index below 18.2 kg/m2 (n=3), no
information on body weight after baseline (n=2), or all teeth at baseline had the maximum
scores of probing pocket depth (≥5mm) and alveolar bone loss (≥40%) and therefore had no
teeth at risk of progression (n=2).

Statistical Analysis
For each periodontal disease measure, a periodontal disease progression event was defined
as having 2 or more teeth advance to the specified thresholds (>40% ABL, or >=5mm PPD
or CAL) subsequent to the baseline dental examination. Teeth that were lost before ever
reaching that threshold were counted as progression events if they had a mild/moderate level
of the index (ABL=20%, PPD or CAL >3mm but <5mm) at all prior study examinations.
Inclusion of lost teeth in the definition of periodontal disease was done to avoid
underestimation of periodontal disease progression, since periodontal disease is one of the
major causes of tooth loss in adults (Murray et al. 1997, Phipps and Stevens 1995). Time to
progression was defined as the number of years between the baseline dental examination and
first examination where the cumulative number of teeth with periodontal disease above the
threshold exceeded the baseline number of affected teeth by 2 or more. For analyses of
CAL, baseline was redefined as the dental examination conducted in examination cycle 5.

Extended Cox regression analyses were used to estimate the hazards of experiencing
periodontal disease progression events attributable to body weight and each of the 3
overweight indicators: BMI, WC and WHtR. Failure time, i.e., time to a periodontal disease
event, and total follow-up time were measured in whole years. Ties in failure time were
accounted for by the approximate likelihood method of Efron (1977). Covariates in all
models included education (high school graduate or less, vs. college and higher), age,
cigarette status (non-smoker, smoker), diabetes (yes/no), periodontal treatment in past year
(yes/no), prophylaxis in past year (yes/no), and number of filled/decayed surfaces. All
independent variables except education were treated as time-dependent covariates. The
criterion for retaining these covariates was p value <0.05. The anthropometric measures
used in the Cox models were those collected at the NAS examination closest in time to the
dental examination preceding any onset of periodontal disease progression (1969-1972) to
ensure that obesity/overweight status was achieved prior to any progression of periodontal
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disease. Because BMI and WC were strongly correlated (R=0.86), they were not included as
independent predictors in the same models. Analyses were conducted with SAS 9.1.

RESULTS
Baseline characteristics of the study cohort and changes in periodontal disease and
overweight/obesity status are shown in Table 1. The mean BMI increased 1.6 kg/m2 and
waist circumference-height ratio increased 4.5% during follow-up (Figure 1). Over the same
time period, the number of teeth that remained free of periodontal disease declined, more so
in men who were obese. Figure 2 shows the associations of alveolar bone loss with BMI and
WHtR; survival curves for PPD and CAL were similar. In multivariate Cox analyses, weight
was not statistically associated with the hazard of experiencing a periodontal disease
progression event regardless of which periodontal disease indicator was used to define the
event (Table 2). Each unit increase in BMI was associated with a 5% increase in the hazard
of experiencing an ABL progression event. An increment of 1 cm waist circumference was
associated with 1-2% increases in the hazards of experiencing PPD and CAL progression
events, and each 1% increment in baseline WHtR was associated with 3% increase in the
hazard of experiencing periodontal disease progression events as defined by all three
periodontal disease indicators.

Hazards of experiencing PPD, CAL, and ABL progression events were 40%, 52% and 60%
higher, respectively, among obese men relative to ideal weight men (Table 3). Neither of the
commonly used categorical waist size indices was significantly related to hazards of
periodontal disease progression events.

The concurrent use of BMI and WHtR to estimate hazard ratios revealed a trend for
increased hazards of experiencing PPD, CAL and ABL progression events among men with
a high waist-height ratio relative to low ratio in the absence of obesity (Figure 3).

DISCUSSION
Considerable attention has been given to the effects of obesity on chronic health conditions.
The findings in this study support previous associations of height-adjusted overall obesity
and central adiposity with the hazard of experiencing periodontal disease events. The two
measures of central adiposity (WC and WHtR) were significant predictors of periodontal
disease progression events when used as continuous measures but not when categorized
according to currently accepted cut-off values. Given how the population has become
heavier in the past several decades, these commonly-used values to dichotomize WC and
WHtR may not have been appropriate for our historical data. In the first 10 years of the
study, fewer than 10% of participants had a waist circumference >102 cm, and in the last 10
years, only 10-12% had a waist circumference-height ratio <=50%. These small sample
sizes likely limited our power to detect statistically significant hazard ratios. In the
concurrent analysis of BMI and WHtR status, the findings suggested an interactive effect on
the hazards of experiencing periodontal disease events. That is, within each of the ideal and
overweight BMI categories, hazard ratios tended to be greater in men with high WHtR than
low WHtR.

The DLS participants offer an abundance of data from medical and dental evaluations and
provide a long follow-up for monitoring disease progression. Multiple periodontal disease
measures were available, including radiographic alveolar bone loss. Therefore, the major
strengths of this study are the prospective design and long follow-up period, and control for
multiple potential confounders. Risk assessment studies have identified several subject level
characteristics including age, male gender, smoking and diabetes mellitus as being
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associated with periodontal disease severity and/or progression (Al-Shammari et al. 2005),
and our study reaffirmed these characteristics as important predictors. A limitation of the
study includes the all-male makeup of the cohort which leads to lack of ability to generalize
these findings to a larger population. The DLS participants were participants in the
Normative Aging Study who self-selected to join the DLS study, and were primarily white
males. Baseline characteristics indicate much lower obesity prevalence (8%) in 1969-1971, a
prevalence rate that is a bit lower than seen in the US population at that time (Flegal et al.
1998), and much lower than the current prevalence of adult obesity (~30%). Nevertheless,
the increases in mean BMI and visceral adiposity mirror trends in the general male
population over a similar time interval (Okosun et al. 2004). Additional limitations of this
study include the change in methods for recording periodontal data during the study,
potential residual confounding, the arbitrary definition of periodontal disease progression
and the failure to account for multiple periodontal disease events in our models. Our
threshold for defining periodontal disease progression was restricted by the interval scale on
which data from the first several examination cycles were recorded and we could not
examine other cut-off values. The dichotomization of smoking status may not have
adequately controlled for the effect of different levels of cigarette dose on periodontal
disease progression. We defined progression as occurring when an individual had 2 or more
teeth advance to these threshold levels. This value was selected in order to balance the
potential increase in misclassification, which is more likely to occur when the advancement
of just one tooth is used as the definition, with the reduced number of events if the cut-off
were set at 3 or more teeth. Moreover, there was a large range of baseline number of teeth in
the DLS cohort. Although there were no differences in mean numbers of teeth among ideal,
overweight and obese men at baseline, differences became more apparent at later follow-up
examinations. The chance of having 2 or more teeth with periodontal disease progression is
greater the more teeth one has, and the overall hazard ratios we report cannot be generalized
to other populations. Finally, by only including the first occurrence of periodontal disease
progression, we are underestimating the true rate of progression.

The majority of cross-sectional studies have suggested a dose-response relationship between
BMI category and extent of periodontal disease (Nishida et al. 2005, Dalla Vecchia et al.
2005, Khader et al. 2009). Only one cross-sectional study has noted an inverse trend
between BMI and attachment loss (Kongstad et al. 2009). However, in each study, the extent
or odds of periodontal disease were statistically significantly elevated among obese persons
but not overweight persons. In our prospective analyses, we also found higher rates of
periodontal disease progression in the obese men, but only slight increases in those who
were overweight. Previous studies also reported significantly increased odds of periodontal
disease associated with measures of central adiposity (Kim et al., 2010, Al-Zahrani et al.
2003, Reeves et al. 2006). Al-Zahrani et al. and Reeves et al. both found significant
relationships between WC and periodontal disease, although Al-Zahrani et al. noted the
magnitude of the association declined with increasing age. Reeves et al. confirmed that each
1 cm increase in WC was associated with 5% increase in odds of periodontitis. Kim et al.
(2010) reported >35% increased odds of periodontal disease in persons with high WC (>102
cm for men, >88 cm for women) relative to normal WC. To our knowledge, no previous
study of obesity and periodontal disease has used waist-height ratio (WHtR) as an obesity
indicator. In the present study, the continuous WHtR was consistently associated with our
three periodontal disease indices. Hsieh (2003) examined BMI, WC and WHtR in men and
women and the correlation with metabolic/cardiovascular risk factors. Nearly all overweight
men and women had a WHtR greater than 0.5 and 45.5% of men and 28.3% of women in
the ideal weight BMI category had a WHtR greater than 0.5. It was concluded, of the 3
indices, WHtR was the best index for signaling metabolic risk in the ideal-weight subjects as
well as the overweight subjects (Hsieh et al. 2003). Tseng also compared anthropometric
indices of WC, Waist-Hip Ratios, WHtR, and BMI for indicators of risk in Type 2 diabetic
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Taiwanese patients and concluded that WHtR had a greater independent association with
coronary artery disease and the highest magnitude of association than the other indices in
both sexes (Tseng 2008). Heymsfield et al (2011) suggest further modification of the simple
WHtR by squaring waist circumference or using the square root of height to improve the
modeling of the relationships of health outcomes and body circumference-to-height
measures.

Only three relatively simple measurements are required to compute BMI and WHtR. In the
DLS cohort, the magnitudes of the hazard ratios were remarkably consistent for the BMI
categories of overweight and obese, regardless of the periodontal disease indicator. At a
minimum, data on height and weight should be collected in future studies of the association
between adiposity and periodontal disease. Ideally, WC measurements should be made as
well. There is a wide range of body fat distribution in lean, overweight and obese adults with
upper body deposition being associated with visceral fat and abnormal metabolic profiles. It
remains unclear which obesity indicator is the most sensitive in other populations, such as
women and minorities who have different body fat distributions. Our data suggest that the
nature of the association with periodontal disease progression might be refined by taking
WHtR into account, but studies with larger sample sizes and more diverse populations are
needed to confirm this. Therefore, it is imperative to continue to measure and examine
multiple obesity indices.

Because all three of the periodontal disease measures in our study showed consistent
associations with the BMI and the BMI-WHtR categories, this suggests the selection of an
outcome measure in future studies can be based on available resources and the nature of the
study question. Although alveolar bone loss is a hallmark of periodontal disease and
measures cumulative bone tissue erosion, it is not always practical to obtain full-mouth
radiographs measurements. CAL is considered a more accurate clinical indicator than PPD
for measuring chronic disease, but CAL can also result from non-inflammatory causes.
Therefore, measurements of both CAL and PPD are recommended, especially for studies of
older adults (Page & Eke, 2007). Our results suggest that WC and WHtR, by way of the
functions of visceral adipose tissue in relation to inflammation, may play a role in predicting
future inflammatory disease development. Underlying biological mechanisms associating
obesity with periodontal disease and other chronic inflammatory diseases likely involve
adipocytokines and related hormones. Cytokines have broad molecular interactions that
impact many aspects of immunity and inflammation and have wide ranging, as well as,
overlapping functions (Preshaw et al. 2011). Recent studies have demonstrated that visceral
adipose tissue is an active endocrine organ secreting bioactive substances. Many of these
cytokines are secreted in proportion to the amount of adipose tissue present (Ritchie 2003).
The balance of pro- and anti-inflammatory cytokines may determine the extent of
periodontal tissue damage. Pro-inflammatory cytokines derived from adipose tissues may
act on the periodontal tissues directly and/or systemically by initiating a host immune
response. Cytokines likely work together in a network to modulate and regulate key cellular
functions (Kinane et al. 2011). Some of the strongest evidence for cytokines functioning in
networks exists for IL-1β, TNF- α, IL-6, and receptor activator of NF-κb ligan (RANKL)
(Kinane et al. 2011). These adipocytokines are also postulated to play a role in leaving the
subjects at greater risk for periodontal disease development and progression. It is also very
likely that there is individual variation in cytokine expression and response that will impact
the susceptibility, severity, and outcome of the disease process. The lack of adipocytokine
data on our participants is another limitation of this study.

In conclusion, adult white males who were obese were more likely to exhibit moderate-to-
severe periodontal disease progression events compared to ideal weight men. Disease
progression events were also increased with increasing values of WHtR. These obesity
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measures may be potentially useful predictors of future periodontal disease progression by
themselves or in combination. Future longitudinal studies are needed to confirm our findings
and extend them to more diverse populations. A longitudinal assessment of changes in
weight and adiposity with periodontal disease development over time is also needed to
elucidate potential biologic mechanisms and cause-effect relationships that may exist.
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Clinical Relevance

Scientific Rationale for Study

Overweight, obesity, and markers of central adiposity have been associated with
prevalent periodontal disease, but data from long-term prospective studies are lacking.

Principle Findings

Obesity (body mass index ≥ 30 kg/m2) and increased waist circumference-to-height ratio
significantly predict greater hazards of periodontal disease development in men as
measured by probing pocket depth, clinical attachment loss, and alveolar bone.

Practical Implications

Easily obtainable anthropometric measures used to estimate chronic disease risk and
adiposity may be used to predict long-term periodontal disease development in males.
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Figure 1.
Changes in BMI and waist circumference-height ratio during follow-up. Examination 1 was
conducted in 1969-1973 and examination 9 in 1993-1998, with intervening examinations at
3-year intervals.
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Figure 2.
Survival functions for progression of alveolar bone loss by BMI category and waist
circumference-height ratio.
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Figure 3.
Adjusted hazard ratios (squares) and 95% CI (total width of bars) for body mass index
(BMI) and waist circumference-height ratio (WHtR) as predictors of probing pocket depth,
alveolar bone loss, and clinical attachment loss progression. Reference group is Ideal BMI &
Normal WHtR. No obese participants had WHtR <50%. All models adjusted for age,
cigarette use (yes/no), education beyond high school (yes/no), number of decayed or filled
surfaces, treatment for periodontal disease in past year (yes/no), prophylaxis in past year
(yes/no), and diabetes diagnosis (yes/no).
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TABLE 1

Demographics of study participants (n=1038).

Variable Mean (SD) or %

Baseline descriptive data (1969-1972, unless otherwise
indicated)

Age (yrs) 47.8±8.7

Weight (kg) 80.1±10.3

Body Mass Index (kg/m2) 26.1±2.8

Ideal (18.2-24.9 kg/m2) 36%

Overweight (25-29.9 kg/m2) 56%

Obese (≥30 kg/m2) 8%

Waist Circumference (cm) 91.9±7.1

Waist circumference >102 cm 9%

Waist circumference -height ratio (%) 52.5±4.1

Waist-height ratio >50% 74%

Number of teeth 22.5±5.3

Number teeth with alveolar bone loss ≥40% 0.7±1.7

Number teeth with probing pocket depth ≥5mm 1.2±2.2

Number teeth with clinical attachment loss ≥5mm (n)* 1.6±3.0 (675)

Number decayed/filled surfaces 33.4±15.5

% Participants with education beyond High School 68%

Smoking Status

Never smoked 55%

Quit prior to 1969-1972 baseline examination 18%

Current smoker at 1969-1972 baseline examination 27%

Periodontal treatment in past year 8%

Had professional cleaning in past year 84%

Had periodontal treatment in past year 8%

Positive diabetes diagnosis 0.5%

Changes since baseline

% Ideal weight (BMI 18.2-24.9 kg/m2) at last examination 29%

% Overweight (BMI 25-29.9 kg/m2) at last examination 54%

% Obese (BMI (≥30 kg/m2) at last examination 17%

% With waist circumference >102 cm at last examination 25%

% With waist circumference -height ratio >50% at last examination 86%

Number teeth/decade advanced to level of ABL ≥40% 2.5±2.8

Number teeth/decade advanced to level of probing pocket depth
≥5mm 1.5±2.7

Number teeth/decade advanced to level of clinical attachment loss
≥5mm 4.7±5.3

*
Measurements began in 1981.
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Table 2

Continuous obesity-related predictors of periodontal disease progression. Adjusted hazard ratios and 95% CI.

Periodontal Disease Indicator

Probing Depth ≥5mm* Clinical Attachment Loss ≥5mm† Alveolar Bone Loss ≥40%‡

Predictor

Weight (per kg) 1.01 (0.99-1.02) 1.01 (0.99-1.02) 1.01 (0.99-1.02)

BMI (per kg/m2) 1.03 (0.99-1.06) 1.03 (0.99-1.06) 1.05 (1.01-1.09)

Waist circumference (per cm) 1.02 (1.00-1.03) 1.01 (1.00-1.03) 1.01 (0.99-1.03)

Waist-height ratio (per 1%) 1.03 (1.01-1.05) 1.03 (1.01-1.05) 1.03 (1.01-1.06)

All models adjusted for age, cigarette use (yes/no), education beyond high school (yes/no), number of decayed or filled surfaces, treatment for
periodontal disease in past year (yes/no), prophylaxis in past year (yes/no), and diabetes diagnosis (yes/no). All independent variables except
education were treated as time-dependent covariates.

*
Individual had 2 or more teeth that either progressed to ≥5mm or were lost after having >3 but <5mm probing depth at each prior examination

†
Individual had 2 or more teeth that either progressed to ≥5mm or were lost after having >3 but <5mm CAL at each prior examination

‡
Individual had 2 or more teeth that either progressed to ≥40%or were lost after having >20% but <40% ABL at each prior examination
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Table 3

Categorical obesity-related predictors of periodontal disease progression. Adjusted hazard ratios and 95% CI.

Periodontal Disease Event (≥2 teeth progressed to indicated level)

Predictor Probing Depth ≥5mm* CAL ≥5mm† ABL ≥40%‡

Baseline BMI category

Ideal (18.1–24.9 kg/m2) 1.0 (reference) 1.0 1.0

Overweight (25–29.9 kg/m2) 1.09 (0.92-1.30) 1.13 (0.88-1.46) 1.07 (0.83-1.38)

Obese (≥30kg/m2) 1.40 (1.02-1.91) 1.52 (1.05-2.21) 1.60 (1.07-2.38)

Baseline waist circumference category

Normal (<102 cm) 1.0 1.0 1.0

High (≥102 cm) 1.23 (0.95-1.61) 0.99 (0.75-1.33) 1.24 (0.88-1.75)

Baseline waist-height ratio category

Normal (<50%) 1.0 1.0 1.0

High (≥50%) 1.15 (0.95-1.39) 1.41 (1.01-1.97) 1.26 (0.95-1.67)

All models adjusted for age, cigarette use (yes/no), education beyond high school (yes/no), number of decayed or filled surfaces, treatment for
periodontal disease in past year (yes/no), prophylaxis in past year (yes/no), and diabetes diagnosis (yes/no). All independent variables except
education were treated as time-dependent covariates.

*
Individual had 2 or more teeth that either progressed to ≥5mm or were lost after having >3 but <5mm probing depth at each prior examination

†
Individual had 2 or more teeth that either progressed to ≥5mm or were lost after having >3 but <5mm CAL at each prior examination

‡
Individual had 2 or more teeth that either progressed to ≥40%or were lost after having >20% but <40% ABL at each prior examination
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