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4. Rationale:  



Previous studies in Dental ARIC found a positive relationship between periodontal 

pathogens and  both coronary heart diseases (Beck, Eke et al. 2005) and carotid artery 

intima-media wall thickness (Beck, Elter et al. 2001). Host-parasite reactions induce a non-

specific innate response that includes increases in serum CRP (Slade) and sICAM (Beck 

and Offenbacher). Consequently, periodontal diseases may have an impact on retinal vessel 

morphology. Several studies have found that retinal microvascular alterations are predictive 

factors for cardiovascular events (Klein, Klein et al. 2006; Wong, Islam et al. 2006; 

McGeechan, Liew et al. 2009). It is our overall hypothesis that periodontal diseases may be 

linked to retinal microcirculation, perhaps via the innate inflammatory response triggered 

by periodontal infections. Today, there is no publication exploring the association between 

periodontal diseases and microcirculation. Thus, it is of interest to investigate this 

relationship. 

 

5. Main Hypothesis/Study Questions: 

 

We hypothesize that inflammation due to periodontal diseases is associated with retinal 

microcirculation modifications. The aim of this study is (1) to explore the relationship 

between the clinical parameters of periodontal diseases and the retinal arteriolar and 

venular measures; and (2) to investigate the association between serum IgG antibodies 

against 17 periodontopathogens as a marker of systemic exposure to oral organisms, and 

retinal microcirculation parameters and (3) to determine whether serum markers of 

inflammation including serum CRP, IL-6 and sICAM are intermediary explanatory 

variables in the association between periodontal disease and retinal vascular pathology. 

 

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). 

Study design: this cohort study of risk aims to compare changes in retinal vessel parameters 

recorded between ARIC visit 3 and ARIC visit 4 with subjects having moderate/severe 

periodontal disease or no/mild periodontal disease recorded at visit 4.  

Inclusion: participants with both retinal vascular and periodontal measurements. One case 

(periodontal disease) will be frequency-matched to two controls by age, gender, ethnicity 

and community. 



Exclusion: individuals not present at visit 4, subject with no retinal photograph or with 

ungradeable photographs, lack of data on diabetes mellitus status, body mass index, 

smoking and carotid and/or intima media thickness, subjects with less than 6 remaining 

teeth. 

Outcome: The main outcome will be the difference in central retinal arteriolar and venular 

diameters between visit 3 and visit 4 (∆CRAE, ∆CRVE). 

Other variables of interest with specific reference to the time of their collection:  

   Clinical periodontal variables: periodontal status will be defined by extent of attachment 

loss ≥3 mm measured at visit 4: none/mild periodontitis (<10%), moderate periodontitis 

(10% to <30%) and severe periodontitis (≥30%). (Beck, Elter et al. 2001) (Elter, 

Champagne et al. 2004) 

   Biological periodontal variables: IgG antibodies against 17 periodontal organisms (Visit 

4) will be analyzed as a categorical variable (tertiles). We will also examine serum levels of 

CRP, IL-6 and sICAM using tertiles. 

   Covariates: Covariates will include age (Visit 4), gender (Visit 4), race (Visit 4), carotid 

artery IMT (Visit 4), diabetes (Visit 4), LDL cholesterol (Visit 4), HDL cholesterol (Visit 

4), triglycerides (Visit 4), hypertension (Visit 4), smoking (Visit 4), BMI (Visit 4), 

education (Visit 4), and race/study center (Visit 4). 

Summary of data analysis: Characteristics at visit 4 will be described for subjects having 

moderate/severe periodontal disease and no/mild periodontal disease. We will initially use 

Chi-2 test to compare categorical variables (e.g., smoking) and t-test for continuous 

variables (e.g., retinal calibres). Additionally, t-test will be used to compare differences in 

retinal arteriolar and venular diameters between visit 3 and visit 4 for both groups. 

Multivariate linear models will be used to investigate the relationship between differences 

in retinal parameters (dependent variable. ∆CRAE, ∆CRVE) and clinical periodontal status 

assessment, biological periodontal variables (IgG antibodies against 17 periodontal 

pathogens) and covariates. For both ∆CRAE and ∆CRVE variables, four models will be 

calculated: Model A will be unadjusted, Model B will be adjusted for clinical periodontal 

status, biological periodontal variables (IgG antibodies against periodontal pathogens) and 

the interaction variable between periodontal status and total IgG antibodies against 

periodontal pathogens to adjust for individual differences in antibody response against 



periodontal pathogens, model C will be additionally adjusted for socio-demographic and 

lifestyle factors (center, age, race, socioeconomic status, BMI, smoking), and model D for 

all covariates. Separate analysis will be conducted for all participants and for participants 

with no cardiovascular event at Visit 3. Moreover, a previous study conducted in ARIC 

found women with wider retinal venular diameter and narrower retinal arteriolar diameter 

had a higher risk of incident CHD.(McGeechan, Liew et al. 2008) As a consequence, 

multivariate logistic regression models will be used to investigate the relationship between 

at-risk retinal microcirculation status for CHD (yes/no) and clinical periodontal status 

assessment, biological periodontal variables (IgG antibodies against 17 periodontal 

pathogens) and covariates. The same four step approach will be used.  A 2-sided P value of 

less than 0.05 will be regarded as significant in all analyses. For database management and 

statistical analysis, we will use SAS and R softwares. 

 If associations exist between serum markers and outcomes we will use the general 

approach described for antibody IgG levels described above. To assess the potential 

influence of serum inflammatory markers as intermediate explanatory variables, separate 

logistic models will be developed with or without the serum inflammatory marker to 

determine whether the variable impacts the contribution of periodontal disease.  

Methodological limitations: The main limitation is the lack of periodontal data at visit 3 

that preclude any attempt to evaluate the progression of periodontal disease over time.  
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