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 In comparison with European Americans (EA), African Americans (AA) carry 

excess burden of end stage renal disease (ESRD). The incidence of ESRD in AA has 

consistently been over three times higher than in EA. 
1-3

 This disparity has been attributed 

to a combination of genetic, environmental, and behavioral factors. 
2, 4, 5

 Recently, 

variants in the region of APOL1/MYH9 on chromosome 22 were found to be associated 

with complex forms of kidney disease, such as focal segmental glomerulosclerosis 

(FSGS), HIV-associated nephropathy (HIVAN), and ESRD not attributable to diabetes in 

AA in case-control studies in a recessive manner. Reports of the associations between 

MYH9 variants and hypertensive-attributed ESRD in AA independent of the APOL1 G1 

and G2 variants have been inconsistent. 
6, 7

 Therefore, this study will focus on the APOL1 

risk variants, which are associated with hypertensive-attributed ESRD with reported odds 

ratio of 7.3 (CI: 5.6 to 9.5)
6
, and higher odds ratios were found for FSGS and HIVAN.

8
 

These APOL1 variants, G1 (rs73885319 and rs60910145, two non-synonymous SNPs) 

and G2 (rs71785313, encoding two amino-acid deletion) are common in AA (G1 ~ 

22.5% and G2 ~ 14.6%
9
) but with frequencies less than 1% in EA.

10
 
9
Given the large 

effect size and common allele frequencies, these variants are likely to account for 

considerable proportion of the racial disparity in ESRD burden between AA and EA.  

 

 ESRD is a devastating condition.  While prediction models for ESRD have been 

built,
11, 12

 none currently address the racial disparity in ESRD or include genetic 

information. We hypothesize that given the strong association between the G1 and G2 

alleles and hypertensive-attributed ESRD, incorporating genetic information will improve 

discrimination and calibration of ESRD prediction models. Further, we will assess 

whether African ancestry estimates, may capture additional genetic information for 

explaining the racial disparity in ESRD and for better prediction of ESRD. Increasing the 

accuracy in the prediction of ESRD can lead to more effective prevention of this disease 

and improvement of the clinical management of kidney disease.  

 

 Existing ESRD prediction models included participants with chronic kidney disease 

(CKD) stage 3 or higher. 
11, 12

 Compared to EA, prevalence of stage 3 CKD in AA has 

been shown to be lower
13

, similar
14

, or moderately higher
9
 in population-based studies, 

while the prevalence of low eGFR (<20mL/min/1.73m
2
) has consistently been higher in 

AA. 
13, 14

 This suggests more rapid disease progression among AA. Therefore, it may be 

useful to assess ESRD prediction model at the population level or at earlier stage of CKD 

before the begining of rapid progression. Predicting ESRD including asymptomatic 

individuals may be useful for primary prevention, while prediction among individuals 

with symptoms of  CKD may be more useful for the clinical management.  

 

 We will conduct model development in all individuals with self-reported race of 

black or white using visit 1 as baseline and in the sub-population with mildly reduced 

eGFR (eGFR < 90mL/min/1.73m
2
) and compare the importance of the types of 

prediction variables in the models for the overall and the reduced eGFR population. It is 

possible that laboratory measures may be more important in the models of the reduced 

eGFR population, while genetic variables may be more important in the models of the 

overall population.  
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 On outcome definition, while the ARIC study does not have information on the 

initiation of renal replacement therapy, it has information of ESRD-related 

hospitalization up to 2008. We will use this as our outcome.  

 

 We will compare three types of models with different sets of predictor variables. 

Type I models will include demographics and genetic information which can provide risk 

assessment early in life. Type II models will include demographics, clinical and 

laboratory variables, which use information on the health status of an individual at 

baseline. Type III models will combine the demographics, genetics, clinical and 

laboratory variables.  

 

Table 1. Population at baseline and prediction model types 

 Model Type 

Population at baseline Type I Model Type II Model Type III Model 

Overall population: 

Individuals without 

history of ESRD and with 

eGFR > 15 ml/min/1.73m
2 

at baseline 
Demographics and 

genetic variables 

Demographics, 

clinical, and 

laboratory 

variables 

Demographics, 

genetics, clinical, 

and  laboratory 

variables 

Mildly reduced eGFR 

population: 

Individuals without 

history of ESRD and with 

eGFR between 15 to 

90ml/min/1.73m
2
 

 

 On predictor variables, the ARIC study at visit 1 has most of the laboratory measures 

reported to be associated with ESRD, such as serum albumin, calcium, phosphate,
11

  

while these variables are not available at visit 4. At visit 4, the ARIC study has urinary 

albumin creatinine ratio (UACR), an important predictor of ESRD, while this variable is 

not available at visit 1. The primary model development will be conducted using visit 1 

as baseline. The model performance will be assessed using visit 4 as baseline with the 

addition of UACR as a predictor. 

 

 For genetic ancestry estimates, we will use the first principal component generated 

from single nucleotide polymorphisms (SNPs) from the combined black and white 

population. The SNPs used for principal component analysis will not include the APOL1 

risk variants. Based on in-house data, the first principal component and African ancestry 

estimated from ancestry informative markers are highly correlated (Pearson correlation ~ 

0.95).  
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5. Main Hypothesis/Study Questions: 

 

1. The addition of genetic information of the APOL1 G1 and G2 alleles and genetic 

ancestry information in ESRD-related hospitalization prediction models will 

improve model discrimination and calibration and risk stratification. 

2. Replacing self-reported race with ancestry information represented by the first 

principal component and/or APOL1 risk variant information in a ESRD-related 

hospitalization prediction model will improve model discrimination and 

calibration and risk stratification 

 

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 study 

 

Inclusion criteria 

 

All individuals in ARIC with self-reported race of white or black and data for the APOL1 

variants and candidate variables and estimated glomerular filtration rate (eGFR) > 

15ml/min/1.73m
2
 at baseline. 

 

Outcome 

 

1. Incident of ESRD-related hospitalization since baseline up to 2008 (Total events: 

~200 events in AA and ~150 events in EA).  

 

ESRD-related hospitalization events were obtained by active surveillance and 

defined as: 

 

A. All those with ICD codes specified for stage 5 CKD, kidney transplant, 

dialysis or procedural code indicating dialysis (ICD 9: 585.5-585.6, ICD 10: N18.5-

N18.6), except: 

a. The individual has ICD code of traumatic anuria (958.5) with the 

same event date; 

b. The Individuals has ICD code of acute kidney injury (AKI, 586.x 

and 788.9x) with same event date and without any prior CKD events as 

indicated by serum creatinine rise of 0.4mg/dL, eGFR < 60ml/min/1.73m
2
, 

or surveillance ICD code for CKD. 

OR 

B. All those with AKI codes (584-584.9, 586, N17.0-N17.0) as an underlying 

cause of death and with a prior history of CKD as indicated by creatinine rise of 

0.4mg/dL, eGFR < 60ml/min/1.73m
2
  or surveillance ICD code for CKD. 
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Candidate variables for prediction models 

 

The candidate variables are known risk factors of ESRD
15, 16

 or significant predictor 

variables in ESRD prediction models
11, 12

 with availability in the ARIC study. Although 

socioeconomic factors are known risk factors of ESRD, they are not included because 

these varibles are not likely to be available clinically. 

 

Demographics variable: age, gender, and self-reported race 

 

Clinical (including laboratory) variables at visit 1: eGFR (at 5 unit increment, based on 

serum creatinine calculated using the CKD-EPI equation
17

), hypertension, diabetes and 

current smoking status, systolic and diastolic blood pressures, HDL cholesterol, BMI, and 

history of coronary heart disease, serum albumin, calcium, and phosphate, uric acid, 

hemoglobin, and triglycerides levels.  

 

Clinical (including laboratory) variables at visit 4: eGFR (at 5 unit increment), 

hypertension, diabetes, current smoking status, systolic and diastolic blood pressures, 

HDL cholesterol, BMI, and history of coronary heart disease, UACR, hemoglobin, and 

triglycerides levels. 

 

Genetic variables: APOL1 G1 and G2 genotypes, ancestry information represented by the 

first principal component estimates (PC1) using SNPs on Affymetrix 6.0 microarray. 

 

Statistical analysis  
 

 We will use Cox proportional hazard regression for modeling. For type I models, we 

will compare a model including demographics variables plus self-report race with models 

including demographics variables plus PC1 and/or APOL1 risk variant genotypes. 

 

 For type II models, since racial disparity exist in many candidate variables. The 

initial development will be conducted in the two race groups separately. We will perform 

univariate analysis to assess the associations between the clinical/laboratory variables and 

incident of ESRD-related hospitalization stratified by self-reported race. Variables 

associated with the outcome at p-value<0.1 will be included in model development. Then 

the black and white samples will be combined. Candidate variables that improved model 

fit in the stratified analyses will be included in the combined type II model.  For 

candidate variables with substantial effect size differences in the stratified models, an 

interaction term with one of the genetic variable will be added. The interaction between 

diabetes and genetic variables will be tested because of the known association between 

the APOL1 risk variants and hypertensive-attributed ESRD. The variables in the type I 

(demographics and genetic) and type II (demographics and clinical) models will be 

combined to form the type III model.  

  

 Model diagnostic will be perform to assess the validity of model assumptions, such 

as the use of scaled Schoenfeld residuals for the proportional hazard assumptions and the 
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martingale residuals for nonlinearity. The models will compared based on C statistics for 

discrimination, Hosmer-Lemeshow chi-square statistics for calibration, net 

reclassification improvement
18

 for risk stratification. 

 

The same model development process will be repeated in the subsample of mildly 

reduced eGFR. 

 

 

Strengths and Limitations 

 

The timing of the outcome was not captured precisely. Individuals might have started 

dialysis before their ESRD-related hospitalization events. In addition, individuals who 

started dialysis in clinics and did not have hospitalization events were not included as 

having outcomes.   

 

Albuminuria or proteinuria, an important risk factor 
15

 or predictor of ESRD
11

, is not 

available at visit 1. This may limit the performance of the models.    

 

The biological mechanisms of the APOL1 variants are unknown. These genetic variants 

may be a causal factor of one or more clinical variables, such as eGFR. Controlling for 

eGFR may attenuate the effect of the genetic variants.  

 

The strengths of this study include the prospective nature of the study and having a 

sufficient number of events for model development and the availability of the 

combination of clinical, laboratory, and genetic predictors to begin to elucidate the 

contributions of different types of factors to racial disparity in ESRD. 
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