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4. Rationale:

Because chronic kidney disease (CKD) affects an estimated 13% of the general
population® and consumed roughly 28% of the 2007 Medicare budget, with the greatest
expenditures incurred during the month of dialysis initiation,? identifying modifiable
factors that slow or prevent CKD progression is essential to decreasing this burden.
While poorly controlled diabetes and hypertension are well-established CKD risk factors,
efforts1 to reduce them alone have not yet resulted in a decrease in the prevalence of
CKD.

Periodontal disease may represent a new focus for slowing or preventing CKD
progression; it is independently associated with a 1.5 to 2-fold increased risk of CKD in
cross-sectional studies;** is common, with moderate or advanced periodontal disease
affecting approximately 18% of the general US population;® and its treatment has been
shown to improve endothelial function.” Further, most forms of periodontal disease are
readily prevented and treated with good personal oral hygiene and routine non-surgical
periodontal therapy, thus presenting a potentially major opportunity to significantly
impact the burden of CKD.

Although periodontal disease is a chronic gram negative bacterial infection of the oral
cavity, it is proposed that periodontal disease may lead to kidney function impairment via
periodontal pathogens accessing systemic circulation through normal oral health
procedures like tooth brushing.® As a result, these pathogens can bind specific receptors
in the kidney, launching an inflammatory cascade that may lead to sustained local tissue
inflammation and fibrosis, with deterioration of renal function.®

African Americans are disproportionately affected by CKD, with younger average age of
CKD onset'® and 4-fold greater incidence of end stage renal disease (ESRD) compared to
their White counterparts.* Given that African Americans also have >2-fold prevalence
of periodontal disease'” relative to the general population, periodontal disease may
contribute to the observed disparity.

All Jackson site participants of the ancillary dental study to the Atherosclerosis Risk in
Communities study (D-ARIC) went on to be enrolled in the JHS. Because JHS includes
repeated measures for kidney function, we have a unique opportunity to examine the
association of periodontal disease with kidney function decline over time. Through a
longitudinal assessment of the association of periodontal disease and CKD, we can gain
important knowledge that may improve the burden of CKD, particularly in the
disproportionately affected African-American population.

5. Main Hypothesis/Study Questions:



Aim 1: To examine the effect of periodontal disease on kidney function decline (as
measured by estimated glomerular filtration rate (eGFR) or albuminuria) in a population
at high risk for rapid CKD progression.

Hypothesis 1: Participants with periodontal disease will have faster kidney function
decline than those without periodontal disease.

Aim 2: To examine the extent to which the effect of periodontal disease on kidney
function decline varies by access to dental care.

Hypothesis 2: Participants who report less than recommended access to dental care will
have faster decline in kidney function than those who report recommended access to
dental care.

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).

Clinical predictors: The primary predictor is periodontal status. Uniform criteria for
accurately defining periodontal disease have not been established in epidemiologic
studies. We will use two methods to define and compare periodontal disease: (1) the
Centers for Disease Control and Prevention/American Academy of Periodontology
(CDC/AAP) definition, which was created by consensus in 2003 to introduce a standard
definition for epidemiologic studies,*® and (2) the periodontal inflamed surface area
(PISA), which takes into account bleeding on dental probing as a marker of active
inflammation.™* D-ARIC consisted of a complete oral examination--including probing
pocket depth, bleeding on probing, and gingival recession at all 6 sites for all teeth
present in the mouth—thus allowing complete confidence in our ability to categorize
periodontal disease.

Primary outcomes: GFR trajectory using repeated eGFR measurements at baseline (D-
ARIC) and JHS Exam 1. GFR will be estimated in two different ways for comparison: 1)
creatinine-based MDRD™ and 2) creatinine-based CKD-EPI equation.®

Secondary outcome: Development of macroalbuminuria (> 300mg/g) among those
without macroalbuminuria at baseline.

Potential confounders: We will adjust for age, gender, income, education, smoking status,
diabetes (self-report, fasting glucose > 126, taking anti-diabetes medications, or
Alc>6.5), diabetes control (Alc), hypertension (self-report or BP>140/90), renin-
angiotensin-aldosterone system blockade (ACE inhibitors, angiotensin receptor blockers,
aldosterone inhibitors), periodontal antibody titers, and dental care.

Variable Type Variable Name

Demographics and health related behaviors | Age, gender, income, education

smoking status

self-reported dental visit




Exam Systolic blood pressure, diastolic blood

pressure
Co-morbid conditions Diabetes, Hypertension
Labs Creatinine

urine albumin: creatinine (ACR)

Hemoglobin Alc

Medications Use of medications angiotensin converting
enzyme inhibitors or angiotensin receptor
blockers

Statistical analysis:

1. Subjects: All D-ARIC participants who went on to be followed as part of JHS
(n=1,140).

2. Models: We will use mixed modeling of the repeated, log-transformed eGFR
estimates, calculated using first the MDRD and then the CKD-EPI equation, to
examine the effect of periodontal status on decline in GFR. We will adjust for
potential confounders including age, gender, co-morbid conditions (e.g. diabetes,
diabetes control, cause of CKD, and hypertension), and tobacco use, and assess
modification of the effect of periodontal status by socioeconomic status and
antibody titers. In addition, for Aim 2, we will assess modification of the effect of
periodontal status by access to dental care. To reduce bias due to informative
missingness, these models will be jointly estimated with a survival model for time
to death or dropout, with the estimated latent log-eGFR trajectories based on the
mixed model serving as predictors in the survival model. For the secondary
outcome, albuminuria, we use Cox models to examine the effect of periodontal
status on development of macroalbuminuria (> 300mg/g). In addition to adjusting
for aforementioned confounders, we will adjust for reported use of angiotensin
converting enzyme inhibitors, as well as dose, both as time-dependent covariates.

3. Minimum detectable effects: Based on renal function and periodontal disease
prevalence in the larger D-ARIC cohort,® we estimate that we will have 80%
power in two-sided tests with a type | error rate of 5% to detect at least a 4.5
ml/min/1.73m2 difference in net decline in eGFR over the 10-year period (0.45
ml/min/1.73m?/year) between participants with and without periodontal disease.
We will also have 80% power to detect increases of 8 to 13 percentage points in
the incidence of eGFR declines of >25%, depending on the overall incidence of
this outcome. For Aim 2, we will have 80% power to detect increments of 11
ml/min/1.73mz2 in the effect of periodontal status on net decline within subgroups
with poor access to dental care, as compared to those with good access, if 50% of
participants have poor access; this will increase to 13 ml/min if only 20% of
participants have poor access.
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