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Abstract
Objective—To evaluate the association between measures of adiposity and periodontitis among
older Puerto Rican adults.

Methods—A cross-sectional study was conducted among 147 representative adults ≥70 years
living in the San Juan metropolitan area. Height, weight, waist (WC) and hip circumference were
measured by trained personnel. Periodontal probing depth and attachment loss (AL) were
measured by calibrated examiners. Periodontitis was classified according to the Center for Disease
Control/American Academy of Periodontology (CDC-AAP) definitions, and using tertiles of mean
AL and percent of sites with AL≥3mm. Multivariable polytomous logistic regression models
adjusted for age, gender, smoking, education, diabetes status, physical activity and total fruit and
vegetable intake were used to model associations between WC, waist-to-hip ratio (WHR), and
periodontitis.

Results—High WC (men: ≥102cm vs. <102cm, women: ≥88cm vs. <88cm) compared to normal
showed non-significant associations with severe (OR=2.56, 95%CI: 0.76-8.67), moderate
periodontitis (OR=1.53, 95%CI: 0.65-3.60), and upper tertile of mean AL (OR=2.28, 95%CI:
0.83-6.23). Elevated WHR vs. normal (men: ≥0.95 vs. <0.95, women: ≥0.88 vs. <0.88) was
associated with moderate periodontitis (OR=2.36, 95%CI: 1.01-5.52) and showed a borderline
significant association with the upper tertile of mean AL (OR=2.52, 95%CI: 0.96-6.63, p=0.06).

Conclusion—Central adiposity was associated with a greater risk of periodontitis in this
population of older adults, although analyses were underpowered. These results hold important
public health implications given the high prevalence of adiposity and periodontitis among older
adults.
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Introduction
Approximately 12% of the US population is comprised of older adults (≥ 65 years), and this
percentage is estimated to increase up to 20% by 2030.(1) The prevalence of obesity and
overweight among older adults has also increased dramatically over the past few decades.(2,
3) Using data from the National Health and Nutritional Examination Survey (NHANES)
2003-2004(3), approximately 71% of adults >60 years of age are overweight (body mass
index-BMI ≥25 kg/m2) and 30% are obese (BMI ≥30 kg/m2).

The prevalence of periodontitis increases strongly with age. Estimates from NHANES III
suggest a prevalence of moderate and severe periodontitis of approximately 14% among
those 65-74 years of age and 21% among individuals 75+ years (CDC-AAP definition).(4)
Among Puerto Rican elders (75+ years) the prevalence of moderate and severe periodontitis
has been estimated at 45%.(5)

Untreated periodontitis ultimately leads to tooth loss which can have deleterious effects on
masticatory ability and diet quality, which in turn may have important consequences on
systemic diseases.(6) Furthermore, periodontitis has also been associated with increased risk
of cardiovascular disease, coronary heart disease, pancreatic cancer and diabetes.(7, 8) Thus,
associations between obesity and periodontitis would have important health implications.

A recent meta-analysis reported that BMI≥30 kg/m2 was significantly associated with an
increased odds of periodontitis (OR=1.35; 95% CI: 1.23-1.47);(9) however, data among
older adults have been equivocal.(10-12) Few studies have addressed the limitations of BMI
in older adult populations, or specifically evaluated central adiposity in this context. The
validity of BMI as a measure of adiposity decreases with older age (≥60 years), due to
changes in body composition;(2, 13) thus, other measures of body composition such as waist
circumference (WC) and waist-to-hip ratio (WHR) may be more robust measures.
Therefore, we evaluated the association between measures of central adiposity and oral
health among a population of older Puerto Rican adults.

Materials and Methods
The study participants were enrolled in the cross-sectional study: the ‘Puerto Rican Elderly
Dental Health Study’ (PREDHS). Subjects’ rights were protected by the UPR Medical
Science Campus Institutional Review Boards and written informed consent was granted.
PREDHS is a substudy of the Puerto Rico Elderly Health Conditions (PREHCO), a cohort
study with a representative sample of Puerto Rican households with 1 or more adults aged
≥60 years in 2002. PREDHS was conducted to assess periodontal conditions among a
representative sample of adults ≥70 years living in the San Juan metropolitan area in 2007.
From the 1,364 individuals in PREHCO living in the San Juan Metropolitan area, we
identified 943 non-institutionalized participants (Figure 1).

We excluded 551 participants who met the following criteria: did not pass a mini-mental
exam to ensure proper consent and participant’s ability to answer questions during the
interview (n=123, 13%), those previously identified for participation in another clinical
study (n=158, 16.8%) in order to minimize participant burden, were edentulous (n=134,
14%), and <70 years of age (n=136; 14%), resulting in a sample of 392 individuals eligible
for screening and recruitment. The PREDHS sample consisted of 183 individuals after
recruitment and screening exclusion of those (47%) who indicated medical conditions that
contraindicated periodontal probing without prophylactic antibiotic therapy (n=60, 15%),
were sick, hospitalized or had died since the last PREHCO interview (n=19, 5%), could not
be reached (n=23, 6%), or refused participation (n=107, 27%). For the present analyses
several additional exclusions were made: 8 participants with BMI <18.5 kg/m2, 3 who
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suffered stroke, 5 with prior myocardial infarction, 4 with cancer (to minimize potential bias
due to drastic weight loss), 6 with missing data on WC or WHR, 3 with missing data on
diabetes status or education level, and 7 with missing data on fruit and vegetables intake
resulting an analytic sample of 147 participants.

Assessment of central adiposity
Height, weight, WC and hip circumference (HC) were measured in participants’ homes by
trained research assistants. Details regarding the protocol for each assessment have been
previously published.(14) Height was measured with participants standing against a wall and
using a stadiometer. Participants’ weight was measured on a balance, without shoes or thick
socks. A measuring tape was used to determine WC and HC, over one layer of clothing
while standing straight. The WC measurement was taken around the waist right above the
iliac crest, assuring that the tape was unfolded and at the same height around the waist. The
HC measurement was made at the mid-point between the iliac crest and the greater
trochanter, ensuring that the tape was unfolded and straight. Waist-to-hip ratio was
calculated by dividing WC by HC. Waist circumference and WHR were categorized per
standard guidelines for both men and women (men: elevated WC ≥40 inches (102 cm),
WHR ≥0.95 and women: elevated WC ≥35 inches (88 cm), WHR ≥0.88); there are no
separate well accepted standards for Latino or Latino sub-groups.(15, 16)

Assessment of oral health outcomes
In-home dental exams were conducted using the same clinical criteria and instrumentation
used by the NHANES dental examinations.(17) Dental examiners were trained and
standardized by the NHANES reference dental examiner and then completed a calibration
session before the beginning of the study. The percent agreements between each of the
trained examiners and the reference examiner ranged from 87% to 94%, and the Kappa
values ranged between 0.75-0.87.(18) Probing depth (PD) and attachment loss (AL)
measurements were assessed at several sites (mesio-buccal, mid-buccal, disto-buccal, as
well as the disto-lingual and the deepest site, if one could be found that was greater than the
first three sites) on all teeth excluding 3rd molars. The deepest pocket and the disto-lingual
sites were included to avoid underestimation of disease severity.(19) We utilized two
composite case definitions based on the CDC-AAP classifications of periodontitis.(20)
Severe periodontitis was defined as having ≥2 teeth with AL≥6mm and ≥1 tooth with
PD≥5mm in the interproximal sites. Subjects were classified with moderate periodontitis if
they had ≥2 teeth with AL≥4mm or ≥2 teeth with PD≥5mm in the interproximal sites, but
did not have severe periodontitis.(21) We also classified participants by tertiles of mean AL
and percent of sites with AL≥3mm. The number of existing natural teeth, as a measure of
oral health history (periodontitis, caries, trauma, or orthodontic treatment), was summarized
in 3 categories: 1-9, 10-19, and 20-32 teeth.

Assessment of additional covariates
Data on age (years), smoking status (never, former and current), highest level of education
(≤ 9th grade, some high school or high school graduate, or some college or technical
studies), and diabetes status (yes/no) were collected from the PREHCO interviewer
administered questionnaire. Physical activity (any structured physical activity; yes/no) and
total fruit and vegetable intake (tertiles of servings/week) were collected from an interviewer
administered questionnaire during the PREDHS in-home study visit.
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Statistical Analysis
Descriptive analyses were conducted for the whole sample and separately by categories of
WC and WHR. Polytomous logistic regressions, which simultaneously model predicted
probabilities of multiple diagnostic outcome categories were estimated to evaluate the
association between WC and WHR, and moderate and severe periodontitis (CDC-AAP
definitions), tertiles of mean attachment loss, tertiles of percent of sites with AL≥ 3 mm, and
categories of number of teeth.(22) We evaluated 2 multivariable models. Multivariable
model 1 adjusted for age and gender. Multivariable model 2 additionally adjusted for
smoking, education, diabetes status, physical activity and total fruit and vegetable intake. A
similar multivariable model excluding participants with diabetes was calculated but results
were similar to the main effects obtained from a multivariable model including diabetics and
adjusted for diabetes status (Model 2), therefore diabetes status was maintained as a
covariate (results not shown).

In sensitivity analyses we additionally adjusted multivariable model 2 for number of teeth as
a confounder; since the estimates did not change appreciably, we decided to maintain the
original multivariable model in primary analyses. To asses misclassification in extremely
obese participants we evaluated models excluding those with BMI ≥40 kg/m2; however, the
results were materially unchanged; therefore, results are presented for all participants.

To further explore the associations between central adiposity and periodontitis, we
conducted several a priori stratified analyses by age (> 77 vs. ≤ 77 years), gender, smoking
status (ever vs. never), and diabetes; we also stratified by number of teeth (1-9, 10-19 and
20-32) for models with periodontitis as the outcome, and by periodontitis (moderate or
severe vs. no periodontitis) for models with number of teeth as the outcome. Effect estimates
from strata defined by binary variables were compared by employing a Wald-type statistical
test where the squared difference of the log relative risks from the two strata was divided by
the sum of their variances, and compared against a χ2 statistic with 1 degree of freedom.
However, many of the stratified models were unstable due to limited power, and are
therefore not reported. We used a complete case analysis approach as less than 7% of
observations were missing data on any one particular covariate. The final sample for the
analysis included 147 participants. All p-values were two-sided. Analyses were conducted
using SAS statistical software (version 9.1.3; SAS Institute, Cary, NC).

Results
The characteristics of participants according to WC and WHR are provided in Table 1. The
final sample of 147 participants consisted of 99 women and 48 men, with a mean age of 77.7
years (SD: 5.7 years, range: 70-96). Sixty-five percent of participants exhibited high WC
and 63% a high WHR. High WC and WHR were more prevalent among women than men
(high WC: 72% of women vs. 52% men. p-value=0.02; high WHR: 65% women vs. 58%
men, p-value=0.45). Twenty-one percent of participants exhibited severe periodontitis while
39% exhibited the moderate type. The mean AL was 2.68 (SD 1.46) and the percent of sites
with AL≥3 mm was 39.4 (SD 25.8). Approximately 4% of participants were current
smokers, while 20% reported past smoking. Participants with a high WHR were slightly
older (p-value=0.01); and participants with a high WC were more likely to be diabetic (p-
value=0.03) and somewhat older (p-value=0.08).

Table 2 shows the multivariable adjusted associations between measures of central adiposity
(WC and WHR) and periodontitis. Participants with a high WC exhibited a greater odds of
severe periodontitis compared to those with a normal WC when adjusted for covariates in
Model 2, although the association was not statistically significant. High WC was associated
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with an increased albeit non-significant odds of being in the upper tertile of mean AL
compared to normal WC. Participants with high WC exhibited nearly two-fold odds of
having 10-19 teeth vs. 20-32 teeth compared to those with normal WC.

High WHR (men: ≥0.95 vs. <0.95, women: ≥0.88 vs. <0.88) was significantly associated
with a greater odds of moderate periodontitis compared to normal WHR in the fully adjusted
analysis. When adjusted for covariates in model 1, high WHR showed a significantly greater
than two-fold odds of being in the upper tertile of mean AL compared to normal WHR, and
a non-significant moderately greater odds of being in the in the upper tertile of percent of
sites with AL≥ 3 mm.

To further explore the associations between central adiposity and periodontitis, we
conducted several a priori stratified analyses by age, gender, smoking status and diabetes.
Due to the small sample size, estimates were unstable and many of the models failed to
converge. We did not find evidence of significant variation of the association between
central adiposity and periodontitis across any of the risk factors (results not shown). Among
participants ≤77 years, high WHR was associated with a greater than two-fold increase in
the odds of moderate periodontitis compared to those with normal WHR (OR=2.66, 95% CI:
1.00-7.06; events=19), compared to a null association among those >77 (OR=1.30; 95% CI:
0.44-3.82; events=27), when adjusted for covariates in Model 1.

Discussion
Our results suggest that central adiposity may be associated with periodontitis among older
adults, although analyses were underpowered. These associations were generally consistent
across various definitions of periodontitis. Furthermore, there was a suggestion that the
association between WHR and moderate periodontitis varied by age.

An emerging body of literature has suggested that both overall and central obesity are
associated with a greater risk of periodontitis.(23, 24) Few studies have evaluated the
association specifically among older adults, and the results are conflicting.(10, 12, 25-27)
This may be partly explained by the use of potentially inappropriate measures of adiposity
among older participants, such as BMI (11, 25, 28) and the control of intermediates (e.g.
diabetes) on the causal pathway.(10, 25)

Utilizing data from NHANES III, Al-Zahrani et al. examined the association between WC
and periodontitis among adults ≥18 years. (25) In multivariable analyses, elevated WC
(>102cm men/ >88 cm women) was associated with a significantly greater odds of
periodontitis among adults 18-34 years (OR=2.27; 95% CI: 1.48-3.49), but not among adults
60-90 years (OR=1.14; 95% CI: 0.86-1.50). In contrast, in the Hisayama study, a population
of Japanese women aged 40-79 years, investigators reported that high WC and WHR were
similarly associated with a significantly greater odds of mean PD. WC >88 cm compared to
<88 cm was significantly associated with mean PD ≥2.0 mm (OR=1.8; 95% CI: 1.2-2.8);
however, there were no observed associations between either measure of central adiposity
and AL. (29) In the present analyses, our results for mean AL and composite periodontal
disease measures were comparable.

Most studies evaluating the association between obesity and periodontitis have utilized BMI
as the primary measure of adiposity. A recent meta-analysis(9) reported BMI ≥30 kg/m2 was
significantly associated with a greater odds of periodontitis (OR=1.35; 95% CI: 1.23-1.47).
However, it is unclear whether the association is limited to younger adults since several
studies have reported null associations among older age groups.(10, 11, 25, 28)
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The null associations observed between adiposity and periodontitis among older populations
may potentially be explained by the use of BMI as the primary measure of body
composition, which may miss key changes in body composition with aging.(30) Such
changes include decreases in fat free mass and decreased height with an increase in fat mass
leading to a decrease in the validity of BMI in older individuals.(30, 31) BMI does not
provide information on the distribution of fat which is of particular relevance among older
adults due to fat redistribution and increases in intra-abdominal fat.(2, 13) Thus, other
measures of body composition such as WC and WHR may be more robust measures of
adiposity among older adult populations. Waist circumference, an excellent measure of both
abdominal visceral fat and total abdominal fat as shown by dual energy x-ray
absorptiometry,(32) has been associated with increased risk of insulin resistance,
dyslipidemia and cardiovascular disease.(30) However, WHR can be influenced by changes
in lean body mass as the hip measurement reflects one of the largest lean muscles in the
body.(33)

Diabetes may potentially be on the causal pathway between obesity and periodontitis,
therefore statistical adjustment may attenuate any observed association. However, our
estimates were virtually unchanged by adjustment for diabetes status. Although we observed
a stronger association between WHR and moderate periodontitis among those ≤77 years,
estimates were unstable and confidence intervals were wide, as this study was not designed
to detect sub-group interactions; hence analyses were underpowered and should be
interpreted with caution.

Obesity may lead to periodontitis by inducing a state of low grade systemic inflammation
and pro-inflammatory environment conducive to a hyper-inflammatory response by gingival
tissues in the presence of periodontal pathogens.(23, 34) The adipose tissue of overweight
and obese individuals has been shown to secrete pro-inflammatory cytokines such as TNF-α
and IL1-β.(35, 36) Moreover, evidence suggests abdominal obesity (both visceral and
subcutaneous) contributes to increased systemic free fatty acids due to “spill over” from
adipose tissue to the liver as a result of an inability of the adipose tissue to adequately retain
free fatty acids.(30) The resulting increased free fatty acid concentration may lead to β-cell
apoptosis thereby inducing insulin resistance. Hence, abdominal obesity has been implicated
as a key contributing component to the metabolic syndrome and is consistently associated
with insulin resistance.(30) Furthermore, insulin resistance may have an important role in
the pathogenesis of periodontitis by inducing vascular abnormalities such as basement
membrane thickening in gingival tissues.(37) These vascular alterations may lead to
impairment of the delivery of leukocytes and nutrients into the gingival and periodontal
tissues and movement of metabolic waste of periodontal pathogens out of the tissue leading
to decreased wound healing capacity and increased severity of periodontitis.(23, 37)
Although the cross-sectional design of this study precludes the assessment of the temporal
sequence, it is unlikely that periodontitis would play a key role in the development of
obesity which is generally caused by excess calories and lack of physical activity. Our small
sample size limited our ability to examine variation in the underlying association across sub-
groups (e.g. age, gender, diabetes, smoking status). While these results may not be directly
generalizable to other populations of older adults, given the particular ethnic and
demographic characteristics of this population, it is unlikely that the underlying biologic
association would vary substantially across populations. Further research is needed among
older adult populations to confirm these findings in diverse populations.

Conclusions
Multivariable analysis on the measures of central adiposity and periodontitis among older
adults suggested a possible association between these two conditions. Our findings warrant
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further investigation in larger longitudinal studies, with repeated dental and weight measures
to assess the temporal sequence and to allow for the adjustment of potential unintentional
weight loss among sub-clinically diseased individuals. The observed association between
obesity and periodontitis among older adults is of substantial importance given the growing
population of older adults and the high prevalence of obesity and periodontitis among this
vulnerable population.
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Figure1.
Explanation of final analytic sample
*Medical conditions that contraindicated periodontal probing without prophylactic antibiotic
therapy
**6 missing WC and WHR, 3 missing diabetes status and education level, and 7 missing
fruit and vegetables intake
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Tablel

Characteristics of the study population by waist circumference (WC) and waist-to-hip ratio (WHR)

Waist Circumference Waist-to-Hip Ratio

Normal WC High WC P value Normal WHR High WHR P value

N (%) 51 (35%) 96 (65%) 55 (37%) 92 (63%)

Age (yrs) 76.6 ± 5.0 78.3 ± 6.0 0.08 76.1 ± 4.8 78.7 ± 6.0 0.01

Male, % 45 26 0.02 36 30 0.46

Smoking status, % 0.56 0.89

 Never 80 73 78 74

 Former 16 23 18 22

 Current 4 4 4 4

Diabetes, % 12 27 0.03 16 25 0.22

Physical activity, % 35 38 0.80 29 41

Education, % 0.55 0.14

 ≤9th grade 27 35 35 32 0.92

 10-12th grade 26 20 22 22

 College or technical 47 45 44 47

Fruits & vegetables 18.9 ± 13.2 18.6 ± 14.3 0.91 20.0 ± 14.0 18.0 ± 13.8 0.40

Number of natural teeth, % 0.29 0.39

 1-9 18 19 18 18

 10-19 35 47 36 47

 20-32 47 34 46 35

Severe periodontitis, % 20 22 0.80 25 18 0.07

Moderate periodontitis, % 37 41 27 47

Mean attachment loss 2.70 ± 1.69 2.66 ± 1.33 0.87 2.57 ± 1.51 2.74 ± 1.43 0.49

% of sites with AL≥3mm 38.7 ± 25.1 39.7 ± 26.2 0.81 37.0 ± 26.9 40.8 ± 25.1 0.40

BMI 23.5 ± 2.8 29.8 ± 4.4 <0.0001 25.8 ± 4.6 28.7 ± 4.7 <0.001

Values are means ± SD or percentages as indicated
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Table2

Multivariable Odds Ratios and 95% CI for periodontitis and number of teeth, according to Waist
Circumference (WC) and Waist to Hip Ratio (WHR)

High Waist Circumference* High Waist to Hip Ratio**

Oral health
Outcomes

Events
exposed\
unexposed

Model 1† Model 2‡
Events
exposed\
unexposed

Model 1† Model 2‡

Periodontitis

Severe 21\10 2.30 (0.80-6.63) 2.56 (0.76-8.67) 17\14 1.16 (0.44-3.05) 1.25 (0.43-3.66)

Moderate 39\19 1.43 (0.64-3.20) 1.53 (0.65-3.60) 43\15 2.30 (1.02-5.17) 2.36 (1.01-5.52)

No/mild (Ref.) 36\22 1.0 1.0 32\26 1.0 1.0

% of sites with AL≥3mm

3rd tertile 31\15 1.19 (0.49-2.92) 1.12 (0.43-2.89) 31\15 1.56 (0.65-3.73) 1.52 (0.61-3.80)

2nd tertile 30\19 0.93 (0.39-2.20) 0.97 (0.39-2.40) 31\18 1.36 (0.59-3.16) 1.37 (0.57-3.26)

1st tertile (Ref.) 35\17 1.0 1.0 30\22 1.0 1.0

Mean AL (mm)

3rd tertile 33\12 2.26 (0.88-5.79) 2.28 (0.83-6.23) 33\12 2.65 (1.06-6.64) 2.52 (0.96-6.63)

2nd tertile 34\20 1.43 (0.61-3.36) 1.43 (0.58-3.48) 34\20 1.72 (0.74-3.96) 1.62 (0.69-3.78)

1st tertile (Ref.) 29\19 1.0 1.0 25\23 1.0 1.0

Number of teeth

1-9 18\9 1.39 (0.52-3.73) 1.33 (0.46-3.85) 17\10 1.19 (0.45-3.11) 1.16 (0.42-3.21)

10-19 45\18 1.78 (0.80-3.95) 1.85 (0.78-4.36) 43\20 1.44 (0.70-3.18) 1.42 (0.63-3.22)

20-32 (Ref.) 33\24 1.0 1.0 32\25 1.0 1.0

*
High waist circumference, men: WC ≥40” (102cm), women WC ≥35” (88cm)

**
High waist to hip ratio, men WHR ≥0.95, women WHR ≥0.88

†
Model 1: Adjusted for age and gender

‡
Model 2: Model 1 + additionally adjusted for smoking, education, diabetes status, physical activity, total fruit and vegetable intake.
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