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Abstract

Objective—To assess whether partial mouth protocols (PRPSs) result in biased estimates of the
associations between smoking, alcohol, obesity, and diabetes with periodontitis.

Methods—Using a sample (n=6,129) of the 1996-1998 Atherosclerosis Risk in Communities
study, we used measures of probing pocket depth and clinical attachment level to identify
moderate-severe periodontitis. Adjusting for confounders, unconditional binary logistic regression
estimated prevalence odds ratios (POR) and 95% confidence limits. Specifically, we compared
POR for smoking, alcohol, obesity and diabetes with periodontitis derived from full-mouth to
those derived from 4-PRPs [Ramfjord, National Health and Nutrition Examination survey-Ill,
modified-NHANES-IV and 42-site-Random-site selection-method]. Finally, we conducted a
simple sensitivity analysis of periodontitis misclassification by changing the case definition
threshold for each PRP.

Results—In comparison to full-mouth PORs, PRP PORs were biased in terms of magnitude and
direction. Holding the full-mouth case definition at moderate-severe periodontitis and setting it at
mild-moderate-severe for the PRPs did not consistently produce POR estimates that were either
biased towards or away from the null in comparison to full-mouth estimates.
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Conclusions—PRPs result in misclassification of periodontitis and may bias epidemiologic
measures of association. The magnitude and direction of this bias depends on choice of PRP and
case-definition threshold used.
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Periodontitis; Partial mouth protocol; Gold standard; Misclassification; Sensitivity

INTRODUCTION

Full-mouth periodontal examination is the preferred method for assessing periodontitis
(Susin et al., 2005, Kingman et al., 2008, Kingman et al., 1988, Beck et al., 2006). It
requires an assessment of periodontal pocket depth (PD) and clinical attachment level
(CAL) on 6 sites per-tooth for a total of 168 sites in the fully dentate (excluding 34 molars).
Though preferred, full-mouth examination may be inefficient for time and resources (Beck
et al., 2006) in epidemiologic surveys thus, several partial mouth protocols (PRPs) have
been proposed. For instance, the 1959 periodontal disease index by Ramfjérd (Ramfjord,
1959), the NIDCR indices used in the NHANES-111 and NHANES-1V surveys (Page and
Eke, 2007, Albandar et al., 1999) and the random-site-selection method (RSSM) by Beck et
al (Beck et al., 2006). Several studies evaluating PRPs have quantified the extent to which
prevalence (Kingman et al., 1988, Susin et al., 2005), severity (Kingman et al., 2008) and
mean CAL (Beck et al., 2006) estimates are affected.

Periodontitis has been linked to systemic health conditions like diabetes and cardiovascular
diseases (Beck et al., 1996, Beck et al., 1998, Beck and Offenbacher, 2001, Demmer et al.,
2008). Additionally, modifiable lifestyle factors like smoking and alcohol are also associated
with periodontitis. Indeed, smoking is a recognized independent risk factor for periodontitis
(Do et al., 2008, Thomson et al., 2007, Tomar and Asma, 2000, Susin et al., 2004), while
evidence of an association with alcohol (Tezal et al., 2004, Amaral Cda et al., 2009, Nishida
et al., 2005, Nishida et al., 2004, Jansson, 2008, Lages et al., 2012, Kongstad et al., 2008,
Pitiphat et al., 2003, Shimazaki et al., 2005, Tezal et al., 2001) and obesity (Genco et al.,
2005, Saito and Shimazaki, 2007, Palle et al., 2013, Nishida et al., 2005, Saito et al., 1998,
Saito et al., 2001, Wood et al., 2003) is mixed (Amaral Cda et al., 2009). Obesity shows a
weak but positive association, while alcohol studies reported both positive and inverse
associations. Although, some of these studies evaluated periodontitis from self-report
(Pitiphat et al., 2003), others were based on measurements of PD and CAL on 6 sites per
tooth (Tezal et al., 2001, Susin et al., 2004, Amaral Cda et al., 2008, Nishida et al., 2004,
Nishida et al., 2005, Kongstad et al., 2008, Wood et al., 2003) or measures of either PD
and/or CAL derived from PRPs (Tezal et al., 2004, Do et al., 2008, Thomson et al., 2007,
Tomar and Asma, 2000, Lages et al., 2012, Shimazaki et al., 2005, Genco et al., 2005) using
different case-classification methods and controlling for different confounding factors.

PRPs inherently underestimate prevalence of periodontitis, while severity can either be over-
or underestimated (Kingman et al., 1988). This misclassification could lead to biased
measures of association and incorrect inferences (Copeland et al., 1977, Thomas et al., 1993,
Barron, 1977, Magder and Hughes, 1997). Specifically, if outcome status is misclassified
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non-differentially according to levels of a binary exposure, the odds ratio will be biased
towards the null. However, with differential outcome misclassification, or more than two
levels of exposure, the direction of bias becomes hard to predict (Rothman et al., 2008,
Copeland et al., 1977).

Assuming there is no measurement error at the tooth-site, it follows that a healthy subject
with no diseased sites cannot be misclassified as a case via PRP (no false-positives), because
the respective PRP is a subset of the full-mouth (gold standard) examination. In contrast, a
subject classified as a case via full mouth-exam can be misclassified as either healthy (false-
negatives) if only healthy sites are evaluated for a given PRP or correctly classified as a case
(true-positives) if a subset of diseased sites are evaluated. Therefore, with respect to
periodontitis prevalence, PRPs have a specificity and positive predictive value of 100%
(Kingman et al., 1988). This is necessarily not the case for severity because disease severity
of sites evaluated for PRPs may differ from full-mouth severity.

Using the Atherosclerosis Risk in Communities (ARIC) study, we aim to investigate the
effect of outcome misclassification from different PRPs on the association between
periodontitis and the following factors: smoking, diabetes, alcohol and obesity. We
additionally aim to conduct a simple sensitivity analysis by changing the PRP case definition
threshold and evaluating the impact on the respective measures of association.

MATERIALS AND METHODS

Data Source/Study population

The Atherosclerosis Risk in Communities study (ARIC) is a prospective cohort study of
community dwelling adults residing in 4-U.S. communities — Jackson, Mississippi;
Washington county, Maryland; suburban Minneapolis, Minnesota; and Forsyth County,
North Carolina. At baseline 15,792 adults aged 45-64 years provided data for the primary
study aim, which was to investigate the etiology and natural history of atherosclerosis and
clinical cardiovascular diseases. Our analytic dataset consists of a cross-sectional sample of
6,129 participants, eligible for periodontal examination at the 4™ follow-up visit from 1996
to 1998 (Beck et al., 2006).

Periodontal assessment

Measures of probing pocket depth (PD) and gingival recession were assessed on 6 sites
[mesio-buccal (MB), mid-buccal (B), disto-buccal (DB), mesio-lingual (ML), lingual (L),
and disto-lingual (DL)] per tooth for all teeth in the mouth using a UNC 15 manual probe
(Beck et al., 2006). Probing depth was defined as the distance from the free gingival margin
to the bottom of the sulcus while gingival recession was defined as the distance from the
cementoenamel junction (CEJ) to the free gingival margin. Clinical attachment level (CAL)
was calculated as the sum of PD and gingival recession. Periodontal examiners had
moderate to excellent reliability ranging from 83.2% to 90.2% (Beck et al., 2006).
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Outcome definition

Using the Centers for Disease Control and prevention-American Academy for
Periodontology (CDC-AAP) case classification, we classified individuals with > 2
interproximal sites with CAL of = 6 mm (not on the same tooth) AND = 1 interproximal
sites with PD of =5 mm as having severe periodontitis (Eke et al., 2010, Eke et al., 2012,
Page and Eke, 2007). Otherwise, individuals with = 2 interproximal sites (not on the same
tooth) with CAL of =4 mm OR = 2 interproximal sites (not on the same tooth) with PD of >
5 mm were classified as having moderate periodontitis. For those individuals not meeting
case definitions of moderate or severe periodontitis, those with = 2 interproximal sites (not
on the same tooth) with CAL of =3 mm AND either [> 2 interproximal sites (not on the
same tooth) with PD of =4 mm OR = 1 interproximal sites with PD of = 5 mm] were
classified as having mild periodontitis (Eke et al., 2010, Eke et al., 2012). Based on this
definition, we defined a case as those with moderate or severe periodontitis. Individuals with
fewer than 2 eligible interproximal sites were excluded rather than classified as non-cases
because if they had more than 2 interproximal sites, could have been classified as cases.

Full-mouth (gold standard)

We identified a case based on a full-mouth examination consisting of measurements of PD
and CAL on 6 sites per tooth, for all teeth in the mouth except third molars, for a maximum
of 168 sites in the fully dentate.

Partial mouth protocols (PRPs)

Case classification was also performed using four PRPs. As with the gold standard method,
only information from interproximal sites contributed to the CDC-AAP case definition.

Ramfjord periodontitis index

NHANES-III

We used measures of PD and CAL on 6 sites per tooth in the following index teeth: right
maxillary first molar, left maxillary central incisor, left maxillary first premolar, left
mandibular first molar, right mandibular central incisor and right mandibular first premolar
(Ramfjord, 1959), for a maximum of 36 sites per individual and did not substitute any
missing Ramfjord teeth (Ramfjord, 1959).

The NHANES-I11 method was introduced by the NIDCR and used in the 3@ NHANES
(Page and Eke, 2007, Albandar et al., 1999). We simulated this method by randomly
selecting a maxillary quadrant with its corresponding contralateral mandibular quadrant
using a random number generator. The seed was changed 5 times and an arithmetic mean of
the prevalence measure derived from each seed was taken. The data used for statistical
analysis came from the seed with prevalence closest to the average of the 5 seed specific
prevalence measures (within 0.02%). We identified a case from measures of PD and CAL
on the MB and B sites on all teeth present in these quadrants except the third molars. This
method produces a maximum of 28 sites per individual.
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MB, B, DL sites (modified-NHANES-IV)

As in the NHANES-I11, we randomly selected a maxillary quadrant with its corresponding
contralateral mandibular quadrant using a random number generator and identified cases
from measures of PD and CAL on the MB, B and DL sites on all teeth present in these
quadrants except the third molars. This method which results in a maximum of 42 sites per
individual has been reported to provide better prevalence and severity estimates compared to
the NHANES-1V method that assesses the DB in place of the DL site (Kingman et al.,
2008). Likewise, we also changed the seed 5 times, taking an arithmetic mean of the seed
specific prevalence measures and using data generated from the seed that produced
prevalence closest to the average of the 5 seed specific prevalence (within 0.02%).

42-random site selection method (RSSM)

Exposures

Covariates

First introduced by Beck et al (Beck et al., 2006). After designating the number of sites
(n=42) to be chosen, we used a random number generator to select sites to be evaluated
without replacement for each individual. This method allows for a maximum of a randomly
selected 42-sites per individual and did not include third molars. The 42-site RSSM was
chosen to allow easy comparison of estimates with the modified NHANES-IV method,
which also allows for a maximum of 42 sites.

Smoking was based on a report of smoking at least 100 cigarettes in a lifetime. Participants
were categorized as current, former and never smokers. Alcohol consumption was modeled
as continuous (grams/week) and also categorized as never drinkers, drinks <54g of alcohol/
week which is equivalent to <5 glasses of wine/week (Sanders et al., 2011), 5-10 glasses of
wine/week and >10 glasses of wine/week. Obesity was classified as having BMI =30
Kg/m2, overweight (BMI 25-<30 Kg/m?2), normal weight (<25 Kg/m?). Presence of diabetes
was based on fasting blood glucose =126 mg/dl or self-reported doctor’s diagnosis of
diabetes (Yes/No).

Age in years; gender; study site; race (Black/White); oral hygiene practices in the past day
(not at all, 1, 2, =3); frequency of dental visits (regularly, when in discomfort, something
needs fixing, never and other); educational attainment (<11, 12-17 and >17 years); number
of teeth present in each assessment method.

Statistical analysis

From 6,793 eligible participants, 95 were excluded for missing all 6 Ramfjérd teeth. An
additional 439 had only one eligible interproximal site and were also excluded. Of the
remaining 6,259 participants, complete participant analysis was conducted on 6,129
participants with no missing covariates. Descriptive statistics of socio-demographic
characteristics by case status was assessed for the different case identification methods. Chi-
square tests assessed differences across categorical variables while unpaired t-tests assessed
differences among continuous variables. In stratified analysis, effect measure modification
among exposure variables was assessed with multiplicative interaction using a likelihood

J Clin Periodontol. Author manuscript; available in PMC 2016 July 14.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Akinkugbe et al.

RESULTS

Page 6

ratio test, setting threshold for statistical significance at p <0.10. We also assessed higher
order polynomial terms for all continuous variables. Unconditional binary logistic regression
estimated prevalence odds ratios (POR) and 95% confidence limits (C.L) of the associations
between smoking, alcohol, obesity, diabetes and periodontitis adjusted for age, gender, study
center, race, diabetes, education level, tooth brushing frequency, dental visits and number of
teeth present. To quantify the magnitude of bias we calculated the difference between the
natural log of adjusted PRPs POR and full-mouth estimate.

Next, we conducted a simple sensitivity analysis by varying the case definition threshold for
each PRP, synonymous to changing their sensitivities. Specifically, we set the case
definition threshold at mild-moderate-severe periodontitis and then at severe periodontitis
and compared the resulting PORs to those derived from the full-mouth method with case
definition held constant at moderate-severe periodontitis. Lastly, multiple linear regression
modeled periodontitis as percent of sites with PD =4mm or CAL =3mm. The results of this
analysis are included as an online appendix. Statistical tests were 2-sided and significance
was set at p < 0.05. Statistical tests and data analysis were performed using SAS v. 9.4 (SAS
Institute, Cary NC).

Table 1 shows the distribution of covariates and missing observations for each variable
while Table 2 show distribution of cases and non-cases with no missing covariate
information as well as the unadjusted associations. We estimated the prevalence of
moderate-severe periodontitis as 57.5%, 23.7%, 17.5%, 33.8% and 48.0% for the full-
mouth, Ramfjérd, NHANES-I11, modified NHANES-1V and the 42-site RSSM methods
respectively. The proportion of individuals with moderate-severe periodontitis appears to
increase with increasing severity of smoking, alcohol, BMI and diabetes. However, this
trend was not observed for alcohol and BMI for some of the PRPs. For example, the
proportion of overweight cases was lower than normal weight (22.0% vs. 23.8%) in the
Ramfjord method. Accordingly, while a greater proportion were reported as cases with
increasing levels of alcohol consumption, this trend was not observed for the Ramfjérd and
NHANES-I11 methods (Table 1).

In the unadjusted analysis, smoking was significantly associated with greater odds of
moderate-severe periodontitis for all the case identification methods with no difference in
qualitative conclusion regarding the relationship. Quantitatively, estimates for current
smokers derived from the Ramfjérd method was biased towards the null [POR (95%
C.L=3.09 (2.59, 3.70)] and away from the null [POR (95% C.L= 3.92 (3.23, 4.75)] for the
NHANES-I11 method as compared to the full-mouth method. Although, also biased away
from the null, POR estimates from the modified NHANES-IV and the 42-RSSM methods
were quantitatively closer to the full-mouth estimate and to one another [POR (95%
C.L=3.36 (2.84, 3.98), 3.30 (2.77, 3.93) and 3.11 (2.59, 3.73), respectively]. Alcohol, BMI
and diabetes had a positive unadjusted dose-response trend for the full-mouth, modified-
NHANES-1V and the 42-site RSSM methods, but a reversal in direction was observed for
some of the individual comparisons obtained via the Ramfjérd and NHANES-111 methods
(Table 2).
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Upon covariate adjustment, the qualitative conclusion regarding the relationship between
smoking and periodontitis at a cut-point of moderate-severe was similar across PRPs.
Quantitatively, the Ramfjord and 42-RSSM produced POR estimates that were biased
towards the null while the NHANES-I11 and modified NHANES-IV methods produced POR
that were biased away from the null for current vs. non-smokers with the NHANES-III
method producing the most biased estimate away from the null relative to the full-mouth
method. In contrast, the POR estimate for former vs. non-smokers was biased towards the
null for three of the four PRPs (Table 3). Contrary to the results for smoking, the qualitative
conclusions about the respective relationship between alcohol, or BMI, and moderate-severe
periodontitis had dissimilarities across PRPs. First, the odds of moderate-severe
periodontitis based on full-mouth method was slightly greater for drinkers and overweight
and significantly higher among obese. While this was also true for the modified NHANES-
IV and the 42-RSSM, the alcohol relationships did not have a threshold effect as observed
for the full mouth method and the magnitude of associations for some levels of alcohol
consumption and/or BMI were also greater. As with the full-mouth method, a joint
conclusion of a non-significant relationship with alcohol consumption and a marginally
significant relationship with obesity can only be made for the modified NHANES-1V and
42-RSSM (Table 3). Relative to the full-mouth estimate for diabetics, all PRPs produced
PORs that were biased towards the null with the 42-RSSM producing estimate closest to the
full-mouth estimate [POR (95% C.L=1.32 (1.12, 1.55), 1.37 (1.16, 1.63)] respectively. The
extent of over- or underestimated adjusted PRP POR estimates for smoking, alcohol, obesity
and diabetes with moderate-severe periodontitis are presented in Figure 1. This figure shows
that the direction of the bias from the PRPs is not always towards-or-away from the null in
comparison to full-mouth estimates. Estimated associations were also biased for
periodontitis defined as percentage of sites with PD =4mm or CAL =23mm (Appendix Tables
1,2,3).

In sensitivity analysis, setting the PRP case definition cut-point at mild-moderate-severe
periodontitis produced estimates closer to those derived from the full-mouth method for
some of the PRPs (Table 4). Holding the case definition threshold constant at moderate-
severe periodontitis, produced prevalence of 57.5% for the full-mouth method.
Correspondingly, a threshold of mild-moderate-severe for the PRPs produced prevalence of
47.0% (NHANES-1V) and 59.1% (42-site RSSM). Accordingly, PORs for smoking and
diabetes derived with these cut-points were biased towards the null compared to the full-
mouth estimate. Conversely, a more stringent case definition of severe periodontitis for the
PRPs produced prevalence estimates of 7.41% (NHANES-1V) and 11.6% (42-site RSSM)
and correspondingly POR estimates that were biased in terms of magnitude away from the
null in comparison to the full-mouth estimates (Table 5).

DISCUSSION

The aim of this study was to assess the impact of misclassification of periodontitis on
epidemiologic measures of association that characterizes its relationship with smoking,
alcohol, obesity and diabetes. For risk indicators like alcohol and BMI, the monotonicity
(i.e. dose-response relationship) in proportions for moderate-severe periodontitis in Table 1
and of the POR estimates in Tables 2 and 3 based upon the full-mouth examination was not
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always preserved with PRPs. While monotonicity was preserved for smoking, it was not the
case for alcohol and BMI for some of the PRPs.

While it was usually the case that the unadjusted PRP PORs were biased towards the null,
there were exceptions. For instance, the unadjusted and adjusted PORs comparing former to
never smokers for the Ramfjord, modified-NHANES-1V and the 42-site RSSM methods
were all biased towards the null relative to full-mouth, the corresponding estimates for
NHANES-I11 was slightly biased away from the null. As has been previously shown, when
exposure is measured in more than two levels, non-differential misclassification does not
always produce bias of association measures towards the null and there can also be reversals
in the direction of the trend (Weinberg et al., 1994).

Explaining the effects of misclassification relies on distinguishing disease classification at
the site versus the individual level. According to standard definition, misclassification of
periodontitis in individuals is differential when the probability that disease is misclassified
varies between exposure groups (e.g., diabetics versus non-diabetics). In PRP designs, it can
be shown mathematically that misclassification probabilities at the individual level generally
depend in complex ways upon the pattern of disease across sites within the mouth as well as
upon site-specific classification probabilities. Although it is possible for diseased sites to be
differentially classified between examiners (and by extension, to groups of individuals), for
this study we argue it is unlikely. This is because examiners who performed periodontal
assessments had no prior knowledge of study aims or subject specific covariate patterns.
Therefore, any differences observed at the site-level will be random as opposed to been
systematic. On the other hand, by virtue of utilizing PRPs, estimates of disease status for
individuals are likely to be differentially classified even if misclassification at the site-level
is non-differential.

Indeed, differential misclassification at the subject level occurred in our study, as evidenced
by PRP estimates being either biased towards or away from the null in comparison to full-
mouth estimates. With a case definition cut-point set at moderate-severe and an assumption
of no misclassification for the full-mouth method, we found that PRPs with higher
moderate-severe periodontitis prevalence, specifically modified NHANES-IV (33.8%) and
the 42-site RSSM (48.0%) tended to produce estimates for smoking, alcohol and BMI that
were closer in magnitude to the respective full-mouth estimates.

In sensitivity analysis, holding the full-mouth case definition threshold constant at moderate-
severe periodontitis, as this was the gold standard but setting it at mild-moderate-severe for
the PRPs, produced PRP PORs that were closer or farther from those derived from the full-
mouth method. Our sensitivity analysis reduced the degree of underestimation of
periodontitis prevalence but not necessarily the bias of the respective measures of
association. Likewise, a more stringent case definition cut-point set at severe periodontitis,
which equates to decreasing sensitivity, also resulted in PRP estimates that were biased in
terms of magnitude and direction for each of the PRPs we investigated. Given changes in
specificities tend to have a much larger impact on effect estimates than changes in
sensitivities (Edwards et al., 2014, Copeland et al., 1977, Lyles et al., 2011), the magnitude
of bias that we observed were not so severe.
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These comparisons were possible because data was available on full-mouth examination.
However, in the absence of full-mouth data, general approaches for estimation in the
presence of disease misclassification such as the maximum likelihood method described by
Lyles et al (Lyles et al., 2011) or the multiple imputation method (Edwards et al., 2013) may
be useful for PRPs even if misclassification is differential. While these methods may not be
directly applicable, future research might extend them using study designs that conduct a
full-mouth examination on a fraction of study participants and estimating a misclassification
probability of disease status at the subject level that can be used as the basis for statistical
adjustments in the estimation of exposure-outcome associations. This study design could
lead to development of correction factors to estimate associations with negligible bias.
However, given different studies use different criteria in identifying a case, estimating a
single correction factor or procedure that cuts across case definitions will be challenging.
Thus specifying a range of sensitivities and specificities to assess the robustness of study
findings may be preferred.

We have provided a range of estimates resulting from periodontitis misclassification from
different PRPs and have reported the magnitude and direction of these biases, providing
insight to how PRP case definition threshold can bias measures of association.

STRENGTHS AND LIMITATIONS

PRPs utilized in this study were computer-generated which eliminated examiner errors had
data been collected de facto. Our ability to eliminate this error further enhances the
robustness of our findings. We had adequate samples that allowed for the adjustment of key
confounders without sacrificing precision. Study limitations include case definition criteria
that only utilized interproximal sites i.e. 4 sites of 6 (full-mouth), 1 site of 2 (NHANES-III),
2 sites of 3 (modified NHANES-1V) and variable number of interproximal sites (42-site-
RSSM). Nevertheless, the CDC-AAP case classification is highly specific, utilizing sites
most affected by disease thereby minimizing the false positive rate.

CONCLUSION

This article for the first time demonstrates how underestimation of disease by PRPs leads to
bias in epidemiologic measures of association for periodontitis risk factors. The direction of
bias in estimates derived from PRPs may not always be in the direction of no association,
even if each periodontal measurement is free of any systematic error. This finding is critical
as policy and research is governed by the relations between risk factors and disease, which
are explicitly quantified by epidemiologic measures of association.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Graphical representation of the absolute bias [LN(POR(full-mouth)) — LN(POR (PRP))] in

the adjusted association between smoking, alcohol, obesity and diabetes with moderate-
severe periodontitis in the Atherosclerosis risk in communities study, 1996-1998 (n=6,129).
The respective bars represent the magnitude of positive (overestimated) or negative
(underestimated) POR when the respective PRPs are used as opposed to full-mouth
examination in assessing the relationship between each risk factor (smoking, alcohol,
obesity, diabetes) and periodontitis.

*Full mouth examination for periodontitis (6 sites per tooth for all teeth in the mouth).
tPartial mouth protocol based on Ramfjord teeth (6 teeth and six sites per tooth) 1 Parti al
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).
8Partial 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. All case definitions for periodontitis were based on the Centers for
Disease Control-American Association for periodontology (CDC-AAP) case classification.
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