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4. Rationale:  Periodontitis, which is an inflammatory disease, irreversibly damages tooth-
supported structures that eventually leads to tooth loss. This advanced form of periodontal 
disease affects more than 47% of the adult Americans (1). This quite common oral disease is also 
associated with systemic inflammatory diseases including type 2 diabetes (2). Periodontitis 
patients who exhibit a similar clinical disease phenotype, such as attachment level, may have 
different risks for disease progression.  However, the most frequently used classification systems 
fail to identify the heterogeneous pattern of periodontitis. The traditional expert opinion-based 
classification approach is unable to categorize patients into relatively homogenous subclasses, 
creates barriers for risk assessment, prevention and effective treatment of periodontitis.  
 
Recently, by applying a latent class analysis (LCA), which is an unbiased data clustering 
statistical method, to the clinical data collected from 6,793 individuals in the atherosclerosis risk 
in community (ARIC) cohort, we created our periodontal profile class (PPC)-staging model for 
periodontal disease classification(3, 4).   This data-driven PPC staging tool includes seven 
mutually exclusive disease categories based on the analysis of seven tooth-level indices. This 
PPC-staging system outperformed the traditional data classification systems regarding the 
strength of associations with the prevalence of systemic conditions and in risk prediction of 
incident diabetes and stroke.  For example, PPC-Stage IV (“severe periodontitis”) and VII 
(“severe tooth loss”) categories cross-sectionally associated with the prevalence of diabetes and 
longitudinally associated with the incident diabetes in the ARIC cohort. However, the four-level 
1999 AAP/CDC Periodontal Disease Classification did not identify significant associations with 
diabetes.  
 
The inflammatory trait that is unique to each PPC stages remains under-investigated. The 
improved clinical utility of this PPC staging system justifies the further assessment of the 
inflammatory biomarker network in the gingival crevicular fluid (GCF) that reflects the 
inflammatory state of local gingival tissue in periodontitis patients. The objective of this 
manuscript proposal is to identify signature GCF inflammatory mediators specific for each PPC-
stage. Within the scope of this proposal, we seek to quantify the expression level of 22 
inflammatory mediators determined by Luminex multiplex immunoassays in 385 archived GCF 
samples that were collected from 55 individuals different ARIC participants within each of the 
seven PPC stages.  
 
This manuscript proposal is a follow-up study of PPC-Stages in the same ARIC population. We 
seek to identify the biological underpinning through a proteomics approach in GCF for a novel 
periodontal disease classification system that improves the homogeneity of clinical disease 
phenotypes.  
 
5. Main Hypothesis/Study Questions:  GCF inflammatory mediators form different patterns 
or “signature networks” that are associated with each or several PPC-stages.  Each PPC-Stage or 
key PPC-Stages such as PPC-Stage IV and VII harbor unique signature networks that serve the 
biological underpinning of this staging tool that was derived from clinical data. By measuring the 
level of those network mediators from patients, we aim to 1) assess the inflammatory traits for 
PPC-Stages and mechanisms of how those disease-associating network mediators interact; 2) 



predict the PPC-Stages using the GCF mediator measurements to improve diagnostic precision 
of periodontal disease.  
 
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).  
 
We propose to leverage the data and the gingival crevicular fluid samples obtained from the 
dental examination at Visit 4 (1996-1998) of ARIC cohort study.   
 
We will first categorize ARIC participants whose GCF samples are available into the seven PPC-
Stages using the current PPC-Stages algorithm to dichotomized tooth-level clinical 
measurements and indices that we reported previously(3). We will then randomly select 55 
subjects from each of the seven PPC-Stages and perform the Lumnex multiplex immunoassays 
(Bio-Rad) to determine the levels of 18 mediators in the 385 GCF samples. Before GCF sample 
selection, we will first exclude 1) participants who were smokers at the time of enrollment; and 
2) participants who were diabetic at Visit 4, since both conditions are risk factors for 
periodontitis. The diabetic condition is defined by self-reported physician diagnosis, self-
reported diabetes medication use, fasting glucose of 126 mg/dL or higher, non-fasting glucose of 
200 mg/dL or higher, or 2-hour glucose of 200 mg/dL or higher following the oral glucose 
tolerance test. The multiplex immunoassay, which is more efficient than ELISA, allows 
simultaneous detection of up to approximately 40 analytes in the same sample. Those 22 selected 
mediators play key roles in inflammatory (innate) and adaptive immunity pathways 
encompassing a diverse range of immune cell activities involved in periodontal disease. This 
GCF biomarker panel includes: 1) chemokines CXCL1 and CXCL5 for recruiting neutrophils, 
CCL2 for monocytes and dendritic cells, CCL4 for monocytes, and CCL5 for T lymphocytes; 2) 
pro-inflammatory cytokinesIL-1α, IL-1β, IL-6, IL-17, IFN-β, and TNF-α; 3) anti-inflammatory 
cytokines: IL-10 and IL-1RA; 3) lympokines IFN-γ,  IL-4, granulocyte-colony stimulating factor 
(CSF3), granulocyte-macrophage-stimulating factor (CSF2) and TGF-β; 4) growth factor 
vascular endothelial growth factor (VEGF); 5) inflammatory metabolite: prostaglandin E2; 6) 
bone resorption maker RANKL and bone formation marker osteoactivin(GPNMB).  
 
We propose to use two approaches to identify signature mediators that are specific for each PPC 
Stage.  First, we will apply general linear model (GLM) to the mediator data to identify 
significant mediators (p<0.05 adjusting for multiple comparisons) that are unique to each or 
certain PPC-stages. This is a statistical approach to identify mediators significantly associated 
with PPC-stages especially key stages of PPC-IV and PPC-VII.  
Sample size estimation: Based on our preliminary data analysis of IL-6 and CCL2/MCP-1 on 
GCF samples, we determined that to observe 0.12 log-transformed difference with a variance of 
0.04 between groups, 55 GCF samples are required to achieve a power of 80% (β=0.80) with a 
95% confidence level (α=0.05).  
 
Statistical analysis: the quantified multiplex-measured mediator levels will be first log10 
transformed to improve normality distribution. This data transformation has been routinely 
performed in similar studies. We will apply GLM to the mediator data adjusting for age, gender, 
field center/race, and batch effect for multiplex assays.  The statistical significance threshold 



(p=0.05) will be adjusted for multiplex comparisons using the Benjamini and Hochberg method 
to avoid false positive (Type I) error. 
 
Second, we will apply feature selection methods to the GCF mediator data to identify 
informative mediators that can represent or predict each or certain PPC-stages.  This is a machine 
learning approach to predict mediators that can be used as a surrogate for each PPC-Stage.  
 
Data analysis: Feature (GCF mediator) selection techniques are widely used in gene expression 
data analysis to choose a subset of molecules unique to each phenotype, which are PPC-stages in 
this proposal. Using a computational framework, we will leverage different feature selection 
methods for each Classifier (prediction model) to first identify ranked candidate discriminative 
mediators (features), and then evaluate the performance of these mediators for predicting PPC-
stages by calculating the Area Under the Curve (AUC) of the Receiver Operating Characteristic 
(ROC). Specifically, five base feature selection methods including Information Gain, 
Information Gain Ratio, Relief, Symmetrical Uncertainty, and Correlation, will be used for each 
classifier or classification model to select candidate informative mediators as feature sets. We 
will use a total of eight classifiers or classification models for this proposed study including 
Naïve Bayes, Support Vector Machine (SVM) linear, SVM Radial Basis Function (SVM-RBF), 
AdaBoost, Nearest Neighbor, Gaussian Process, Logistic Regression, and Random Forest. After 
selecting five feature sets, each by a single base feature selection method, different ensemble 
feature sets will be integrated by aggregating five base individual feature sets into a series of 
ensemble feature sets, including 1) union of all five base individual feature sets (Union or At 
Least 1), 2) feature set containing features that are shared by at least two of five individual base 
feature sets (At Least 2), 3) feature set containing features that are shared by at least three of five 
individual base feature sets (At Least 3), 4) feature set containing features that are shared by at 
least four of five individual base feature sets (At Least 4), and 5) feature set containing features 
that are shared by all five individual base feature sets (At Least 5). Finally, the ensemble feature 
sets will be evaluated using the performance of ensemble classification methods for predicting 
PPC stages measured by the area under the curve (AUC). The AUC will be calculated from 
receiver operating characteristic (ROC) curve, which is a plot of the true positive rate (TPR) 
against false positive rate (FPR). The larger the AUC (maximal value=1), the better the 
prediction. This proposed feature selection pipeline will be performed on Python and Scikit-learn 
(0.21.3) platform (13).  
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