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4. Rationale;



Kidney function trajectories have long been used in the estimation of time to end-stage
renal disease (1). Recently, kidney function change over time has been related not only to
end-stage renal disease but also to all-cause mortality and cardiovascular disease risk (2-
4). Evidence presented at a Food and Drug Administration conference in 2012 suggests
that a decline in estimated glomerular filtration rate (eGFR) of 30%-40% may be a
suitable surrogate endpoint in clinical trials (5). Rapid chronic kidney disease
progression, defined as a sustained decline in eGFR by more than 5 ml/min/1.73 m? per
year according to the 2012 Kidney Disease: Improving Global Outcomes (KDIGO)
guidelines (6), has been associated with increased risk of death, heart failure, myocardial
infarction, peripheral artery disease, and death from stroke (4, 7-10). Understanding risk
factors for different patterns of kidney function trajectories is important so that
individuals at risk for rapid progression may be targeted for interventions to slow kidney
disease progression and to decrease risk for associated adverse outcomes.

Persons with proteinuria are at particularly high risk for chronic kidney disease
progression (11). A recently discovered genetic variant of the APOL1 gene may underlie
this relationship, at least in part: APOL1 high-risk status has been associated with higher
rates of proteinuria as well as higher rates of kidney function decline in persons with
chronic kidney disease (12). However, whether this relationship holds true in the general
population in not known. Some have argued that the presence of two high-risk variants of
APOLL is not sufficient to cause accelerated kidney function decline, and that a “second
hit” is necessary (13). Persons with renal risk variants in APOL1 with chronic kidney
disease may have already experienced a “second hit,” and therefore their kidney function
trajectories may exaggerate risk associated with APOLL1 risk variants.

Other risk factors may influence kidney function trajectories. There is some evidence
that, compared with Caucasians, African-Americans experience an increase in eGFR in
young adulthood followed by a more rapid decrease in eGFR. Most new cases of chronic
kidney disease occur after the age of 70 (14). Whether the rate of kidney function decline
is constant by age is uncertain. Cumulative exposure to high blood pressure, elevated
blood glucose, or poor diet may correspond to trajectories in kidney function. Certain
medications such as angiotensin converting enzyme (ACE) inhibitors are thought to slow
kidney function decline, at least in the case of proteinuria (6).

Using 25 years of kidney function data in the Atherosclerosis Risk in Communities
(ARIC) cohort, we propose to characterize kidney function trajectories in a community-
based population as well as to evaluate risk factor associations with patterns of eGFR
change over time.

5. Main Hypothesis/Study Questions:

Aim 1: Describe trajectories of kidney function across 25 years of follow-up.
Hypothesis 1: Participants with stable eGFR over time are more likely to attend
study visits; persons with rapid kidney function decline are more likely to be
captured through clinical creatinine data from hospitalizations or linkage with the



United States Renal Data System (USRDS) end-stage renal disease (ESRD) registry.
Thus, careful exploration of trajectories using “scored” data (e.g., eGFR imputation
of 15 ml/min/1.73 m2 at ESRD, supplementation with hospitalized eGFR values)
will be important.

Hypothesis 2: Rates of eGFR change will not be normally distributed. Instead,
certain participants, such as those with high genetic risk (e.g., APOLL1 high risk, high
genetic CKD scores) will exhibit much greater eGFR decline over time.

Aim 2: Evaluate associations of a) traditional, b) treatment-related, and c) novel
participant characteristics with kidney function trajectories.

Hypothesis 1: Cumulative exposure to higher blood pressure and higher blood
glucose will be associated with steeper eGFR decline. Black participants, including
those of APOL1 low-risk status, women, and older participants will also have
steeper rates of eGFR decline. Persons with proteinuria will have steeper eGFR
decline

Hypothesis 2: Exposure to non-steroidal anti-inflammatory drugs and angiographic
procedures will be associated with steeper eGFR decline. Exposure to angiotensin
converting enzyme inhibitor medications will be associated with slower eGFR
decline.

Hypothesis 3: Certain markers of diet quality, such as dietary acid load and animal-
derived protein intake, will be associated with steeper declines in eGFR. APOL1
high-risk status, variants of the UMOD gene, and a cumulative chronic kidney
disease (CKD) genetic risk score will be associated with kidney function decline.

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: Prospective cohort analysis beginning at ARIC visit 1

Inclusion/Exclusion Criteria: The study population will consist of all ARIC participants
free of CKD Stage 5 (eGFR<15 ml/min/1.73 m?) at visit 1 with measured baseline
covariates who consented to the cardiovascular disease cohort surveillance (and genetic
study, for aim 2 analyses of APOL1 risk status, UMOD, and the CKD genetic risk score).
We will also perform sensitivity analysis excluding participants with CKD Stage 3 and 4
(eGFR<60 ml/min/1.73 m?).

Outcome variables: eGFR trajectories will be modeled using estimates based on
creatinine (visits 1, 2, 4, and 5) and, separately, based on cystatin C (visits 2, 4, and 5).
For persons with additional available creatinine values, such as those hospitalized for
coronary heart disease or heart failure since 2005, or those who were known via linkage
to the United States Renal Data System to progress to end-stage renal disease, we will
separately estimate eGFR trajectories using both study visit and clinically captured data.




Exposure variables: Participant risk factors for eGFR decline will be grouped in three
categories: a) traditional, b) treatment-related, and c) novel. We anticipate that explored
traditional risk factors will include age, race, and sex, as well as diabetes and glucose
control, hypertension and blood pressure control, and proteinuria. Treatment related risk
factors will include known nephrotoxins such as non-steroidal anti-inflammatory drugs
and angiographic dye as well as medications with theoretical renal preservation effects,
such as antiotensin converting enzyme inhibitors. Novel risk factors will include dietary
factors as well as genetic risk factors such as APOL1, UMOD variants, and a composite
genetic risk score.

Summary of data analysis: eGFR trajectories will be estimated using linear mixed models
with random intercepts and random slopes. In sensitivity analyses, we will also model the
incorporation of the effect of survival using shared parameter models. Participant
characteristics will be explored both in their association with baseline eGFR and their
association with change in eGFR. Covariates for adjustment of multivariable regression
models will include age, race, sex, and presence of diabetes, hypertension, and coronary
heart disease. The latter three covariates will also be evaluated in a time-varying manner.
Actual trajectories will be represented visually using spaghetti plots. Predicted
trajectories given a specified set of covariates will be visualized in a similar manner. Best
linear unbiased prediction (BLUPS) of the slopes will be plotted to demonstrate the
distribution of slopes associated with participant characteristics.

Potential limitations: Anticipated methodologic limitations include the effect of
informative drop-out. Those who miss follow-up study visits are more likely to have
baseline CKD, and they may be more likely to have rapid declines in eGFR. We will
address this issue by modeling several different ways — imputing GFR for those who
develop ESRD, using additional eGFR from creatinine abstracted from hospitalization
data, and evaluating eGFR trajectories using Washington County Hospital data, as well
using shared parameter models to evaluate the impact of the competing risk of death on
trajectory estimates.
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