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4. Rationale: The APOL1 high-risk genotypes, present in 13% of black Americans, have been
associated with an increased risk for various types of kidney disease, including focal segmental
glomerulosclerosis, HIVV-associated nephropathy, and hypertension-attributed chronic kidney
disease (CKD).1* In the general population, these risk variants have also been associated with
kidney disease.>® Utilizing data from the ARIC study, Foster et al. reported that individuals with
two copies of the APOLL1 risk variants (G1/G1, G1/G2, or G2/G2) had a higher risk of
developing incident CKD and end-stage renal disease (ESRD) compared to individuals with one



or no risk variants.® Grams et al. expanded upon these findings by extending follow-up to Visit 5
and considering additional outcomes. They reported that the APOL1 high-risk genotypes were
associated with increased risk of incident ESRD but not incident hospitalizations or all-cause
mortality. While the APOLL1 high-risk genotypes were associated with faster eGFR decline, there
was significant overlap in rate of eGFR decline among the APOL1 high-risk (2 risk alleles) and
low-risk (0-1 risk alleles) groups.® In both of these studies, the mean age of ARIC participants at
baseline (Visit 1) was 54 years.

To date, few studies have examined the natural history of APOLL1 risk variants in older age.
In the Cardiovascular Health Study (mean age ~74 years), there was no difference in mean eGFR
or rate of eGFR decline between the two APOLL1 risk groups; however, the APOL1 high-risk
genotypes were associated with 2-fold higher levels of albuminuria and a trend towards
increased mortality risk.” Thus, whether the APOL1 risk variants are associated with worse renal
and clinical outcomes among individuals who survive to older age requires further clarification.

Utilizing data from ARIC Visit 5 (age of 67-90 years) onwards, we propose to study the
clinical implications of having APOLL risk variants in older age.

5.  Main Hypothesis/Study Questions:

Our main hypothesis is that among individuals who survive to older age, the APOLL1 risk variants
will no longer be associated with adverse clinical outcomes.

Aim 1: To describe clinical and laboratory characteristics of ARIC participants at Visit 5 by
APOL1 genotype status.

Aim 2: To determine whether the APOL1 high-risk genotypes are associated with worse clinical
outcomes (e.g. faster estimated glomerular filtration rate [eGFR] decline, incident CKD, incident
ESRD, incident and rate of hospitalization, and mortality) compared to the low-risk genotypes
from Visit 5 through Visit 6.

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: We will conduct analyses of the ARIC cohort, treating Visit 5 (2011-2013) as the
baseline with follow-up through Visit 6 (2016-2017).

Study Population: The study population will consist of black ARIC participants with APOL1
genotyping and data from Visit 5. In sensitivity analyses, we will also consider white ARIC
participants as a comparison group.

Exposure: The primary exposure will be APOL1 genotype status. We will utilize a recessive
genetic model in which the APOL1 high-risk genotypes will be defined as having 2 risk alleles
whereas the APOL1 low-risk genotypes will be defined as having 0 or 1 risk allele. In sensitivity
analysis, we will also consider other genetic models.



Outcomes: For Aim 1, we will examine age, sex, blood pressure, body mass index, waist
circumference, diabetes, hypertension, history of heart disease, eGFR, albuminuria, LDL, HDL,
triglycerides, blood sugar, hemoglobin Alc, high-sensitivity C-reactive protein (hs-CRP),
general health scores, and quality of life measures (including SF12 if appropriate permissions are
obtained). For Aim 2, the outcomes will be: 1) rate of eGFR decline; 2) incident CKD; 3)
incident ESRD; 4) incident and rate of hospitalization; and 5) mortality. We will use both
creatinine-based and cystatin-based Chronic Kidney Disease Epidemiology (CKD-EPI)
Collaboration equations to estimate GFR.®® In sensitivity analysis, creatinine values from heart
failure or cardiovascular hospitalizations will also be included. Consistent with prior ARIC
publications, incident CKD will be defined as having any one of the following: 1) an eGFR <60
ml/min/1.73 m? at follow-up (after Visit 5) accompanied by a >25% eGFR decline relative to
baseline (Visit 5); 2) CKD-related hospitalization or death based on the International
Classification of Diseases (ICD) 9 or 10 codes; or 3) ESRD as identified by the US Renal Data
System (USRDS) registry.’%12 At the time of ESRD onset, eGFR will be imputed as 15
ml/min/1.73 m?2. Data regarding hospitalizations and mortality will be determined from active
surveillance techniques, including linkage to the National Death Index for the latter outcome.®

Statistical Analysis: We will use descriptive statistics, including means, medians, and
proportions to compare baseline characteristics by APOL1 genotype status. Formal testing will
be performed using student’s t-test or Wilcoxon rank-sum test for continuous variables and chi-
squared for categorical variables. To assess the associations (e.g. hazard risk) of APOL1
genotype status with 1) incident CKD, 2) incident ESRD, 3) incident hospitalization, and 4)
mortality, a series of Cox proportional hazards models will be constructed: Model 1 will be
unadjusted; Model 2 will adjust for age, sex, and European ancestry; and Model 3 will further
adjust for baseline eGFR and albuminuria. Rates of hospitalization will be calculated using
Poisson regression. To examine the association of APOL1 genotype status with eGFR decline,
we will fit linear mixed-effects models with random intercepts and random slopes. In these
analyses, Model 1 will be unadjusted and Model 2 will adjust for age, sex, and European
ancestry. We will assess for effect modification by sex, hypertension, diabetes, and inflammation
(hs-CRP <3 mg/L vs. >3 mg/L) through the use of stratified analyses and inclusion of an
interaction term with APOL1 genotype status. In sensitivity analyses, we will also consider white
ARIC participants as a comparison group. Given the low prevalence of APOL1 alleles among
individuals of European ancestry, all white participants will be imputed as having the APOL1
low-risk genotypes.>*3

Proposed amendment to initial proposal:

In additional analyses, we propose to study the interactions of APOLL1 risk status with age
utilizing data from Visits 1 through 7. We plan to compare incident rates of hospitalizations,
ESRD, and mortality for APOL1 high- vs. low-risk individuals within age strata (e.g., 45-54, 55-
64, etc.) to better understand the significance of APOLL1 risk variants across the age spectrum.
Given that Visit 7 data is now available, we plan to extend our initial analyses to also include
Visit 7 data.

Limitations: We acknowledge that our proposed study has a few limitations. First, we are only
using data from Visit 5 onwards. Grams et al. previously published on the association of APOL1
high-risk genotypes with various clinical outcomes (including those proposed in the current



study) from Visits 1 to 5.° That said, duration of follow-up for the current proposed study is still
long (up to 7 years). Our results will also add to our understanding of the role of APOL1 risk
variants in older age. Second, the availability of biochemical measures of kidney function will be
limited to Visits 5 and 6. To address this, we will perform additional analyses incorporating
eGFR that was measured during heart failure or cardiovascular hospitalizations. Third, our
ability to detect associations of APOL1 high-risk genotypes with incident and progressive CKD
as well as incident hospitalization may be hindered by the competing risk of death. As such, we
will consider competing risks analyses accounting for the alternative outcome of death. Last but
not least, results from statistical testing that are found to be underpowered will not be reported in
the manuscript, as they likely would not be meaningful.
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