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4. Rationale:  
HF affects >37.7 million individuals globally. In the US, HF prevalence has been projected to 
increase by 46% between 2012 and 20301. Patient prognosis after their first HF hospital admission 
is poor, with a <50% survival rate at five years2. Despite recent therapeutic advances in treating 
HF with reduced ejection fraction40, HF remains a major problem and there are currently no 
effective therapies available for treating heart failure with preserved ejection fraction. A recent 
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American Heart Association (AHA) Presidential Advisory emphasizes that the current pipeline for 
development of novel therapies is flat and innovative solutions are urgently needed to counteract 
trends towards increasing rates of cardiovascular death3,4.  
 

The inflammatory activation paradigm is at the cornerstone of current pathophysiological 
understanding of HF, contributing to the development and progression of the disease. However, 
the underlying mechanisms of inflammation have not been clearly elucidated. Adverse microbial 
exposures along the mucosal surfaces of the digestive tract have been hypothesized as a potential 
source of inflammatory stimuli through translocation of bacteria and bacterial products, such as 
endotoxin, into the peripheral circulation. However, studies to date in HF have focused solely on 
the gut microbiota, while the oral bacterial milieu has never been investigated in this context. A 
robust literature links periodontitis (a pathological condition characterized by destruction of tooth-
supporting tissues and subgingival microbial dysbiosis5-8) to systemic inflammation including in 
ARIC (add citation) and, in turn, to a number of adverse cardiovascular outcomes9-27. A prior 
publication has shown that anti-infective periodontal therapy reduces systemic inflammation28 and 
favorably modulates gene expression in circulating monocytes29. Moreover, a previous meta-
analysis of 20 randomized controlled trials found that C-Reactive Protein (CRP) is reduced after 
anti-infective periodontal therapy30; a conclusion also supported by an AHA Scientific 
Statement22. In addition to the aforementioned prior studies we have reported that among more 
advanced vs. less symptomatic HFrEF patients, oral and gut microbial diversity is altered 
concurrent with increased levels of circulating endotoxin and inflammation31-36.  

Despite the intersection of periodontitis, HF and inflammation, limited data exist examining the 
relationship between periodontitis, systemic inflammation and biomarkers of cardiac risk in large 
population-based settings of patients free of HF. Additionally, there are no data investigating 
whether periodontitis is differentially associated with HFrEF vs. HF with preserved ejection 
fraction (HFpEF).  

Here we propose to examine, in ARIC, the relationship between periodontitis and the following 
outcomes cross-sectionally and longitudinally: i) left ventricular ejection fraction (LVEF); ii) N-
terminal pro B-type natriuretic peptide (NT-proBNP). Additionally, we will examine the 
relationship between periodontist and prevalent and incident HF. 
 
5. Main Hypothesis/Study Questions: 
 
We hypothesize that: 
1. Periodontal disease, as assessed from clinical periodontal examination and defined using the 

Periodontal Profile Class (PPC), biofilm-gingival interface (BGI), Center for Disease 
Control/American Academy of Periodontology definition (CDC/AAP), and 2017 World 
Workshop on Classification of Periodontal Disease (AAP/EFP) classification systems will be 
more associated with: i) higher NT-proBNP; ii) lower LVEF (HFrEF); iii) HFpEF and 
HFrEF categories.  

 
Design and analysis 
 
Study design 
Cross-sectional and longitudinal analyses comprising participants included in the Visit 4 dental 
ancillary study who also have NT-proBNP (visit 4 and visit 5) and LVEF measures (visit 5 only).  



 
Inclusion criteria 
African American or white participants with non-missing demographic information, completed 
dental components at Visit 4, and who have Nt-proBNP and LVEF data. Edentulous participants 
will be included for comparison. 
 
Primary Exposures 
Periodontal Profile Class (PPC): The PPC method has been previously validated and published 
by ARIC investigators37. Briefly, the analytic approach implemented person-level LCA to 
identify discrete classes of individuals using seven tooth-level clinical parameters. These 
parameters were: ≥one site with interproximal clinical attachment level (iCAL) ≥3 mm, ≥one site 
with probing depth (PD) ≥4 mm, extent of bleeding on probing (BOP) (dichotomized at 50% or 
≥three sites per tooth), gingival inflammation index (GI = 0 or GI ≥1), plaque index (PI = 0 or Pl 
≥1), the presence/absence of full prosthetic crowns for each tooth, and tooth status (present or 
absent).  

BGI classification: As previously described, the classification is based on two clinical 
parameters, periodontal probing depth (PPD, ≤3 mm or ≥4 mm) and extent of bleeding on 
probing (BOP, low, <10%; moderate, 10–<50%; and severe, ≥50%). Subjects with PPD ≤ 3 mm 
at all sites will be defined as periodontal healthy if BOP is <10% or gingivitis if BOP is 10% or 
more. Subjects with one or more periodontal pockets or PPD ≥4 mm (deep lesion or 
periodontitis) are divided into low, moderate, or severe bleeding. 
 
Secondary Exposures 
CDC/AAP defined periodontitis38: i) no or mild periodontitis = neither moderate or severe 
periodontitis; ii) moderate periodontitis = ≥2 interproximal sites with clinical attachment loss 
(CAL) ≥4 mm (not on same tooth) OR ≥2 interproximal sites with PPD≥5 mm (not on same 
tooth); iii) severe periodontitis = ≥2 interproximal sites with clinical attachment loss (CAL) ≥6 
mm (not on the same tooth) and ≥1 interproximal site with PPD≥5 mm. 
 
AAP/EFP defined periodontitis: The AAP/EFP classification system focuses on staging the 
severity of periodontitis as well as rating the progression of the disease been described in great 
detail39. Periodontitis classification is as follows: i.) Stage I (mild disease) = 1-2 mm interdental 
CAL, radiographic bone loss (RBL) of <15%, no tooth loss, max probing depth of ≤4 mm—
mostly horizontal bone loss; ii.) Stage II (moderate disease) = 3-4mm interdental CAL, RBL of 
15-33%, no tooth loss, max probing depth of ≤5 mm—mostly horizontal bone loss; iii.) Stage III 
(severe disease) = RBL extending to middle third of root and beyond, tooth loss of ≤4 teeth, 
probing depths ≥6 mm, vertical bone loss of ≥3 mm, furcation involvement Class II or III, 
moderate ridge defects; iv.) Stage IV (very severe disease) = interdental CAL ≥5 mm, extending 
to middle third of root and beyond, tooth loss of ≥5 teeth, probing depths ≥6 mm, vertical bone 
loss of ≥3 mm, furcation involvement Class II or III, moderate ridge defects, sustains masticatory 
dysfunction, secondary occlusal trauma (tooth mobility degree ≥2), severe ridge defects, bite 
collapse, drifting, flaring, < 20 remaining teeth (10 opposing pairs). 
Edentulism will also be considered as several prior publications suggest that edentulism in many 
populations reflects tooth loss frequently with periodontitis as the indication. Therefore, 
edentulism often represents long historical exposure to periodontal inflammation.  



 
Covariates & Potential Effect Modifiers 
We will consider adjustments for the following variables: age, sex, education, race, center, 
insurance status, income, cigarette smoking, pack-years of smoking, physical activity, body mass 
index, systolic blood pressure, blood pressure medication use, diabetes, HDL cholesterol, LDL 
cholesterol, lipid lowering medications, prevalent CHD, prevalent stroke, and prevalent heart 
failure (in analyses for NT-proBNP and ejection fraction). 
 
Outcomes 
Outcomes of interest will be defined according to the methodology previously utilized in ARIC.  
We anticipate using the following outcomes: 

• Derived from Visit 4 & 5:   
o NT-proBNP (V4, V5 and change between V4 & V5) 
o LVEF (V5) 
o Prevalent HF at visit 4  
o Incident heart failure:  

 Using AHA guidelines create incident HFpEF and HFrEF categories at 
visit 5: HFrEF <=40%;  vs. HF midrange (40% and < 50%)/ HFpEF (>= 
50%) 

 Any incident HF after visit 4  
 
Statistical analysis 
Participant characteristics will be described according to categories of the PPC exposure 
variable.  
 
Cross-Sectional Analyses:  
Multivariable generalized linear models will be used to regress visit 4 NT-proBNP on visit 4 
periodontal disease.  
 
Longitudinal Analyses:  
A longitudinal analysis will also be conducted in which the association between visit 4 
periodontitis categories and visit 5 NT-proBNP, LVEF  will be assessed as primary outcomes. 
Additional analyses will consider other measures such as LV structure and mass, and diastolic 
dysfunction at visit 5. Due to possible skewness, log-transformation will be done on the NT-
proBNP variable. We will additionally regress changes between NT-proBNP at visit 4 and visit 5 
on periodontal disease categories. In addition, sensitivity analyses will be replicated among those 
with or without heart failure at visit 4.  
 
The association between periodontal disease categories and incident HF (defined as any heart 
failure occurring after visit 4) will be assessed using multivariable relative risk regression in 
generalized linear models with a Poisson distribution and a log link. Finally, multinomial logistic 
regression will be used to analyze the association between periodontitis and a three-level incident 
HF outcome at visit 5. The three-level HF outcome will be defined as HFrEF, HFpEF and HF 
with mid-range EF. A similar analysis will be performed for the diastolic dysfunction outcome. 
 



In longitudinal analyses of incident HF, we will explore the potential to determine if change in 
NT-proBNP explains (mediates) this relationship. Mediation analyses will be conducted using 
standard approaches to estimating controlled and natural effects using PROC CASUALMED in 
SAS.  
 
For all longitudinal analysis, if we see differential follow-up by periodontal category, we will 
also utilize inverse probability of follow-up attendance weights to consider the impact of loss-to-
follow-up bias on our results. For all analysis, a series of nested models will be used. Final 
decisions about modeling will take place during the analysis. Preliminarily, we envision our 
models to be structured as follows: 
 

• Crude model 
• Model 1 will adjust for age, gender, race/center, education, and health insurance  
• Model 2 will additionally adjust for cigarette status (never, former current) 
• Model 3 will further adjust for BMI 
• Model 4 will further adjust for LDL, prevalent heart failure at Visit 4, anti-hypertension 

medication, previous CHD, previous stroke, diabetes and SBP. 
• Model 5 will further adjust for visit 4 NT-proBNP (only in analyses of visit 5 NT-

proBNP) 
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