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4. Rationale: The gold standard measure for evaluating the presence and extent of
periodontal disease is the full mouth periodontal examination. Full mouth examination



requires an assessment of 6 sites per tooth. As third molars are typically excluded from
the examination, the remaining 28 teeth account for 168 sites. Periodontal disease
examination using the full mouth method typically takes between 10 to 15 minutes and
may be inefficient in terms of time and resources, especially in large population studies
and disease surveillance programs. To this effect, various partial mouth-recording
protocols (PRPs) have been proposed as a method for ascertaining periodontal disease.

Partial mouth recording protocols (PRPs) for assessing periodontal pocket depth (PPD)
and clinical attachment loss (CAL) of periodontal disease could either be a random
selection —the random site selection method (RSSM) or a fixed selection — the fixed
site selection method (FSSM) — of teeth as is the case with the Ramjford periodontal
disease index proposed in 1959 that assess 6 sites per tooth specified by the index for a
total of 36 sites per individual. Other FSSM include that proposed by NIDCR, which was
used in NHANES 111 and NHANES 2000. This method randomly selects a quadrant from
the mouth and its contralateral quadrant but assesses only 2 sites — the Mesiobuccal
(MB) and Buccal (B) surfaces — per tooth selected for a total of 28 sites. A third FSSM
is the one used in NHANES IV, which like NHANES 2000, calls for random selection of
a quadrant and its contralateral counterpart, but allows for evaluation of three sites per
tooth as the Distolingual (DL) site is measured in addition to the MB and B sites for a
total of 42 sites. Although PRPs inherently underestimate disease prevalence (defined as
the proportion of the population having one or more periodontal sites with disease),**>*
the RSSM proposed by Beck et al have been reported to produce estimates of mean CAL
similar to full mouth examination.? This RSSM calls for a random selection of teeth and
tooth sites, where the number of sites selected can vary and typically ranges from 6 sites
to 84 sites.’

Several risk factors have been shown to be associated with periodontal disease. Smoking,
a modifiable lifestyle behavior, has been reported as an independent risk factor for the
development of periodontal disease. Additionally, alcohol consumption is reported to
have a moderate dose response relationship with periodontal clinical attachment loss.>®
Overweight and obesity pose a risk to general health by encouraging insulin resistance
and promoting systemic inflammation. These illnesses of caloric excess are also
associated with chronic conditions like cardiovascular disease and diabetes,”® both of
which are associated with periodontal disease.® In fact, periodontal disease has been
named the 6" complication of diabetes.” These associations were based on estimates of
periodontal disease derived from partial mouth recordings'®** and it remains unclear
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whether this would be the case in terms of magnitude and/or mere presence if assessment
of periodontal disease were based on full mouth examination. The premise being that if
the degree of underestimated prevalence of periodontal disease based on a particular PRP
does not vary according to levels of a binary exposure of interest, the epidemiologic
measure of association would be biased towards the null. However, if disease
misclassification differs according to exposure levels then the measure of association can
either remain unbiased, biased towards or biased away from the null. To understand how
partial mouth periodontal examination may affect epidemiological measures of
association, we aim to compare separately the independent effects of smoking, alcohol
consumption and obesity on periodontal disease prevalence using four pre-specified
partial mouth examinations and comparing these estimates to those from the full-mouth
periodontal examination.

We postulate that PRPs may result in differential misclassification of periodontal disease
prevalence by strata of smoking, alcohol use and obesity. This type of misclassification
may result in bias and we aim to quantify the magnitude if any and direction of such bias.

5.  Main Hypothesis/Study Questions:

Most population-based studies have shown that smokers have a greater prevalence of
periodontal disease and whether or not this is the case may be dependent on how
periodontal disease is measured (full mouth vs. partial mouth recordings). The prevalence
of periodontal disease among smokers based on partial mouth recordings is hypothesized
to be underestimated compared to the same prevalence measure using a full mouth
periodontal examination. A second aim is to report this prevalence according to strata of
alcohol consumption and obesity.

Specific aim1: to report the prevalence of periodontal disease separately according to
smoking, alcohol consumption, and obesity using pre-specified PRPs and compare these
with full-mouth examination prevalence estimates.

Specific aim2: Using pre-specified PRPs, to report the independent epidemiologic
measures of association for smoking, alcohol consumption, and obesity with periodontal
disease, having controlled for confounding and comparing these estimates with those
generated from a full mouth periodontal examination.

Specific aim3: to perform a sensitivity analysis by varying the case definition thresholds
for periodontal disease to assess the impact of different cutoffs for assessing periodontal
disease on the respective measures of association for smoking, alcohol consumption and
obesity generated from PRPs and Full mouth examinations.

6. Design and analysis (study design, inclusion/exclusion, outcome and other
variables of interest with specific reference to the time of their collection, summary
of data analysis, and any anticipated methodologic limitations or challenges if
present).
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This study will be a cross-sectional analysis of the ARIC cohort at a single time point
using baseline dental examination data collected at visit 4 which occurred between 1996-
1998.

Inclusion criteria: All ARIC cohort members aged 45-74 who had a visit 4 dental
examination.

Case Definition: Cases of periodontal disease would be identified using the CDC/AAP
case definition. Moderate periodontitis is defined as the presence of 2 or more
interproximal sites (not on the same tooth) with clinical attachment loss of 4 mm or more
or 2 or more interproximal sites with periodontal pocket depth of 5 mm or more (not on
the same tooth). Severe periodontitis is defined as the presence of 2 or more
interproximal sites with 6 mm or more CAL (not on the same tooth) and 1 or more
interproximal sites with 5 mm or more of periodontal pocket depth. Total periodontitis is
the sum of moderate and severe periodontitis.*** A more sensitive case definition based
on the healthy people 2010 operational definition defines periodontitis as CAL of 4 mm
or more at 2 or more sites. Periodontal pocket depth represents the distance between the
free gingival margin and the base of the periodontal pocket while gingival recession
((GR) is the distance between the free gingival margin (FGM) and the cemento-enamel
junction).” Clinical attachment loss would be calculated during data analysis as the
difference between the periodontal pocket depth and gingival recession.

Partial mouth protocols selected would comprise three fixed site and one random site
selection protocol. The fixed site selection protocols include 1) Ramfjord teeth (6 teeth
and six sites per tooth), 2) the NIDCR method which involves random selection of a
quadrant and its contralateral quadrant (examining only the MB and B sites per tooth) 3)
a third fixed site selection method of 2 randomly selected quadrants but examining the
MB, B and DL sites and lastly 4) a 42-site random site selection protocol. Estimates from
these PRPs would then be compared to those from the full mouth examination.

Exposure: current, former and never smokers. Threshold will be set to having smoked at
least 100 cigarettes.

Alcohol consumption: Current, former and never users. Dose response would be assessed
using the following threshold 5, 10, 15, and 20 drinks per week.

Obesity: classified as obese and non-obese measured with a BMI cut-off of greater than
or equal to 30kg/m?.

Potential confounders of these associations include age, gender, study site, BMI, diabetes
status, coffee consumption, use of HRT among post menopausal women, socio-economic
status, race, oral hygiene status.

Statistical analysis: Differences between cases and non-cases of periodontal disease
would be assessed using t-tests and chi square tests for continuous and categorical
variables respectively or the non-parametric equivalents for non-normally distributed
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covariates. Confounding of the respective smoking, alcohol, obesity and periodontal
disease relationship will be mitigated in separate unconditional logistic regression model
adjusting for a minimally sufficient adjustment set determined by analyzing a directed
acyclic graph.

A sensitivity analysis would then be conducted by changing the case definition thresholds
for periodontal disease to assess the impact of different cutoffs for periodontal disease on
the respective measures of association for smoking, alcohol consumption and obesity.
Analysis would be performed using SAS version 9.3 (SAS Institute, Cary, NC).



Table 1: Distribution of baseline factors according to case control status in the Atherosclerosis risk in community study

Full mouth exam* PRP 1+ PRP 23 PRP 3s PRP 4#

Cases Non-cases Cases Non-cases Cases Non-cases Cases Non-cases Cases Non-cases

N(%) N(%) N(%) N(%) N(%) N(%) N(%) N(%) N(%) N(%)

Smoking
Current
Former
Non-smoker

Age mean (SD)

Gender
Females
Males

Study Site
Forsyth
Jackson
Washington
Minneapolis

Alcohol
Current
Former
Never

Coffee
>4/day
1-3/day
1-24/month
Non-drinker

HRT
Current
Former
Never




Annual Income
<25,000
25-<30,000
>30,000

Race
Blacks
Whites

BMI (kg/m?)
Obese
Non-obese

Diabetes Mellitus
Yes
No

*Full mouth examination for periodontal disease based on the CDC/AAP criteria. TPartial mouth protocol based on Ramfjord teeth (6 teeth and six sites per tooth)  Partial mouth protocol based on the
NIDCR method which involves selection of a quadrant at random and its contralateral quadrant (examining only the MB and B sites per tooth) § Partial mouth recording protocol based on 2 randomly
selected quadrants but examining the MB, B and DL sites. # Partial mouth recording protocol based on random selection of 42 sites per individual



Table 2. Unadjusted association between smoking and periodontal disease in the Atherosclerosis risk in communities study

Full mouth exam* PRP 1+ PRP 2: PRP 38 PRP 44#
Cases | Non- OR (95% | Cases | Non- OR (95% | Cases | Non- OR (95% | Cases Non- OR (95% | Cases | Non- OR
(N) cases (N) | C.I) (N) cases (N) | C.I) (N) cases (N) | C.I) (N) cases (N) | C.I) (N) cases (95%

(N) C.l)

Smoking Status
Non-smoker
Current
Former

Alcohol use
Current
Former
Never

BMI (kg/m®)
Obese
Non-obese

*Full mouth examination for periodontal disease based on the CDC/AAP criteria. TPartial mouth protocol based on Ramfjord teeth (6 teeth and six sites per tooth) i Partial mouth protocol based on the
NIDCR method which involves selection of a quadrant at random and its contralateral quadrant (examining only the MB and B sites per tooth) § Partial mouth recording protocol based on 2 randomly
selected quadrants but examining the MB, B and DL sites. # Partial mouth recording protocol based on random selection of 42 sites per individual




Table 3. Adjusted association between smoking and periodontal disease in the Atherosclerosis risk in communities study

Full mouth exam*

PRP 1+

PRP 2z

PRP 3s

PRP 4#

OR (95% C.I)

OR (95% C.I)

OR (95% C.I)

OR (95% C.I)

OR (95% C.1)

Smoking Status
Non-smoker
Current
Former

Alcohol use
Current
Former
Never

BMI (kg/m°)
Obese
Non-obese

*Full mouth examination for periodontal disease based on the CDC/AAP criteria. tPartial mouth protocol based on Ramfjord teeth (6 teeth and six sites per tooth) 1 Partial mouth protocol based on the
NIDCR method which involves selection of a quadrant at random and its contralateral quadrant (examining only the MB and B sites per tooth) § Partial mouth recording protocol based on 2 randomly
selected quadrants but examining the MB, B and DL sites. # Partial mouth recording protocol based on random selection of 42 sites per individual
Adjusted for age, study site, gender, race, HRT among post-menopausal women, coffee consumption, oral hygiene status, socio-economic status




Table 4. Sensitivity analysis of the independent relationship between smoking, alcohol and obesity with periodontal disease based on
full mouth periodontal disease examination with varying thresholds for assessing presence of periodontal disease.

Cutoff at 3 mm

Cutoff at 4mm

Cutoff at 5mm

Cutoff at 6mm

OR (95% C.1)

OR (95% C.1)

OR (95% C.I)

OR (95% C.I)

Smoking Status
Non-smoker
Current
Former

Alcohol use
Current
Former
Never

BMI (kg/m°)
Obese
Non-obese

Adjusted for age, study site, gender, race, HRT among post-menopausal women, coffee consumption, oral hygiene status, socio-economic status




Table 5. Sensitivity analysis of the independent relationship between smoking, alcohol and obesity with periodontal disease based on a
RSSM for periodontal disease examination with varying thresholds for assessing presence of periodontal disease.

Cutoff at 4mm Cutoff at 5mm Cutoff at 6mm
OR (95% C.I) OR (95% C.I) OR (95% C.I)

Cutoff at 3 mm
OR (95% C.I)

Smoking Status
Non-smoker
Current
Former

Alcohol use
Current
Former
Never

BMI (kg/m°)
Obese

Non-obese
Adjusted for age, study site, gender, race, HRT among post-menopausal women, coffee consumption, oral hygiene status, socio-economic status
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