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Abstract

Background: Approximately 13% of African-American individuals carry two copies of the
APOL Irisk alleles G1 or G2, which are associated with 1.5-2.5 fold increased risk of chronic
kidney disease (CKD). There have been conflicting reports as to whether an association exists
between APOL 1 risk alleles and cardiovascular disease, independent of the effects of APOL 1 on
kidney disease. We sought to test the association of APOL1 G1/G2 alleles with coronary artery
disease (CAD), peripheral artery disease (PAD), and stroke among African American individuals
in the Million Veteran Program (MVP).

Methods: We performed a time-to-event analysis of retrospective electronic health record (EHR)
data using Cox proportional hazard and competing risks Fine and Gray sub-distribution hazard
models. The primary exposure was APOL 1 risk allele status. The primary outcome was incident
CAD amongst individuals without CKD during the 12.5 year follow up period. Separately we
analyzed the cross-sectional association of APOL1 risk allele status with lipid traits and 115
cardiovascular diseases using phenome-wide association.

Results: Among 30,903 African American MVP participants, 3,941 (13%) carried the two
APOL1 risk allele high-risk genotype. Individuals with normal kidney function at baseline with
two risk alleles had slightly higher risk of developing CAD compared to those with no risk alleles
(Hazard Ratio (HR): 1.11, 95% Confidence Interval (Cl): 1.01-1.21, p=0.039). Similarly, modest
associations were identified with incident stroke (HR: 1.20, 95% ClI: 1.05-1.36, p=0.007) and PAD
(HR: 1.15, 95% CI:1.01-1.29, p=0.031). When modeling both cardiovascular and renal outcomes,
APOL1 was strongly associated with incident renal disease, while no significant association with
the cardiovascular disease endpoints could be detected. Cardiovascular phenome-wide association
analyses did not identify additional significant associations with cardiovascular disease subsets.

Conclusions: APOL1risk variants display a modest association with cardiovascular disease and
this association is likely mediated by the known APOL 1 association with CKD.

Keywords
Apolipoprotein L; genetics; cardiovascular disease; chronic kidney disease

Introduction

African-American individuals with kidney disease experience a 3-5 fold increased risk of
cardiovascular disease (CVD) compared to Caucasians.! While a subset of this risk is
associated with differences in traditional risk factors and sociologic disparities, a significant
excess risk for CVD in general and coronary artery disease (CAD) in particular remains
even after accounting for these factors.2

Genome wide association analyses have revealed that a substantial fraction of the previously
unexplained disparity in the incidence of end stage renal disease between African Americans
and individuals of European ancestry can be explained by two alleles in apolipoprotein L1

Circulation. Author manuscript; available in PMC 2020 September 17.



1duosnuep Joyiny vA 1duosnue Joyiny vA

1duosnue Joyiny vA

Bick et al.

Methods

Page 3

(APOLI), a component of High Density Lipoprotein cholesterol (HDL-C). The APOL1G1
allele consists of two missense variants in very high linkage disequilibrium (APOL 1
p.S342G, rs73885319; APOL 1p.1384M; rs6091014) and the G2 allele is a two amino acid
deletion (APOL1 p.delN388/Y 389, rs60910145). As kidney disease confers greater risk for
CVD in African Americans than individuals of European descent, recent reports have sought
to evaluate if APOL 1 risk alleles also confer increased risk of CVD. These studies have
reported conflicting results (summarized in Supplemental Table 1). Despite initial reports of
a 2-fold increased risk of CVD in APOL 1 two-risk allele carriers in the Jackson Heart Study,
5 subsequent analyses failed to identify any association of APOL 1 risk allele status with
CVD5-10 or reported modest associationst112,

We sought to determine the association between APOL 1 risk alleles and incident CAD,
Peripheral Artery Disease (PAD) and stroke among 30,903 African American participants in
the Million Veteran Program (MVP). We utilized the longitudinal medical records for MVP
participants to temporally censor individuals upon developing kidney disease, thereby
enabling us to adjust for the differing rates with which APOL1 variant carriers develop
kidney disease. As APOL1 is a component of HDL-c, we also considered the association
between APOL 1 and lipid levels as a possible mechanistic link between APOL1 and
atherosclerosis. Lastly, we used phenome-wide association to test the association between
APOL1 and all cardiovascular conditions in an unbiased way.

Study population

Genotyping

The MVP is a Department of Veterans Affairs (VA) health care system observational cohort
study and mega-scale biobank.13 The study was approved by the VA central institutional
review board (IRB) and all participants provided informed consent. The data, analytic
methods, and study materials will not be made available to other researchers for purposes of
reproducing the results or replicating the procedure without approval of the VA central IRB.
Recruitment began in 2011 and is ongoing with more than 700,000 veterans accrued to date.
Data was collected from participants using questionnaires and the VA electronic health
record (EHR). A blood sample was collected for genomic studies at time of enrollment. For
the present study, we included 30,903 African-American MVP participants who were
directly genotyped for APOL 1 risk variants and who had two or more clinical encounters at
the VA healthcare system in the two years prior to the analytic cohort entry date of January
1, 2005, the start of our time-to-event analysis, suggesting that these individuals were active
users of the VA healthcare system.

African American ancestry was defined using a combination of self-reported race and
ethnicity and principal components of ancestry using previously described methods.14

The two APOL 1 risk allele variants G1 (rs73885319 p.S342G; rs60910145 p.1384M) and
G2 (rs71785313, a six base pair deletion that removes amino acids N388 and Y389) were
directly genotyped on the Affymetrix Axiom Biobank Array platform on DNA that was
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extracted from whole blood (Supplemental Figure 1). Individuals who carried G15342G
alleles (the functional missense variant in the G1 allele) in the absence of the G1!384M
variant were considered to be G1 allele carriers. Participants were defined as two risk allele
carriers if they were homozygotes for G1/G1, homozygotes for G2/G2, or compound
heterozygotes for G1/G2.

Study design, follow up and covariates

The study was designed as a time-to-event analysis of retrospective EHR data using a cohort
of African American Veterans, 18 years and older, who had enrolled in MVP and used the
VA as their primary source of care. Baseline covariates were assessed during the 730 days
prior to cohort entry, using the closest value to January 1, 2005, for time varying covariates
with multiple measurements.

Patients with kidney disease during the baseline period were excluded from the primary
longitudinal analyses. Kidney disease was defined using the Kidney Disease: Improving
Global Outcomes (KDIGO) definition of CKD, which defines CKD as patients having an
estimated glomerular filtration rate (¢GFR) < 60 ml/min/1.73 m2 on two separate
measurements 90 days apart or on chronic renal replacement therapy (RRT), or have a
history of kidney transplant1>. RRT and kidney transplant were defined using International
Classification of Disease 9t and 10t revisions (ICD-9-CM, ICD-10) diagnosis codes and
Current Procedural Terminology (CPT) codes (Supplemental Table 2). Estimated glomerular
filtration rate was calculated using the CKD Epidemiology Collaboration (CKD-EPI)
equation?.

Individuals with prevalent CAD, PAD or stroke at the time of the analytic cohort start date of
January 1, 2005 were excluded from each of the three analyses. These included all data
available in the VA EHR or in the fee-for-service data documenting care paid for by the VA
but provided outside of the VA.

Incident outcomes were collected from January 1, 2005, to July 1, 2017, from the national
VA Corporate Data Warehouse, which aggregates data from all VA facilities. Patients were
followed until they either experienced an outcome of interest, developed incident CKD/
ESRD (as defined above), or until the date of their last encounter with the VVA system prior
to July 1, 2017.

The primary clinical endpoint, CAD, was defined based on ICD-9-CM, ICD-10 and CPT
codes using the method described by Dewey and colleages’. CAD events were defined as
individuals who had either an inpatient admission with a primary diagnosis or procedure
code of CAD, a combination of CAD associated inpatient or outpatient encounters on two or
more distinct days, or a coronary revascularization as of July 1, 2017 noted in the
longitudinal VA EHR or in the fee-for-service data (Supplemental Table 2).

A similar combination of diagnosis and procedure codes was used to derive PAD definitions
based on earlier work by Arya and colleagues!8. In particular, PAD was defined as 1 primary
inpatient diagnosis code; 2 diagnosis codes; 1 dx code and a procedure; 1 dx code and 2 visit
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to vascular surgery or 1 dx code and 2 ABI measurements in 14 months (Supplemental Table
2). Stroke was defined using the algorithm described by Tirschwell and Longstreth1®.

For analyses of lipid traits, we extracted the maximum LDL cholesterol and triglyceride
values and the minimum HDL cholesterol value present in the EHR to minimize the impact
of lipid lowering medication. This approach was consistent with prior lipid genome-wide
analyses that included longitudinal EHR data.20

All diagnosis codes for participants present in the VA EHR through July 1, 2017 were used
to perform cardiovascular disease phenome wide association testing. ICD-10-CM codes
were back mapped to ICD-9 using a combination of the Center for Medicare and Medicaid
Services General Equivalency Mappings2! and manual curation prior to converting to
phecodes??.

Power calculation

Previous studies estimated the odds ratio for CVD associated with carrying two APOL 1 risk
alleles in the range of 1.04 to 2.2, with a median of 1.24 (Supplemental Table 1). Given our
sample size and study specific risk-allele frequencies, we had 80% power to detect a hazard
ratio (HR) of 1.16 for the effect of two APOL1 risk alleles on CAD risk with a two-sided
alpha of 0.05.

Statistical analyses

We calculated descriptive statistics for participant characteristics in the overall population
and among those with and without APOL 1 risk alleles. Tests of statistical significance for
differences in population characteristics were conducted using the Wilcoxon-test for
continuous measures and the Fisher exact test for count data.

A fully adjusted Cox proportional hazards model between APOL 1 risk variants and incident
CAD was the primary pre-specified analysis with stroke and PAD being secondary
endpoints. Individuals with prevalent CAD or prevalent kidney disease (CKD or end stage
renal disease (ESRD)) were excluded from these analyses. Individuals were marked as
completing follow-up at the time of the clinical endpoint or upon developing kidney disease
(CKD/ESRD), or censored at the time of their last encounter in the VA system prior to July
1, 2017. The proportional hazards model adjusted for baseline covariates of: age, sex,
diabetes, systolic blood pressure, diastolic blood pressure, body mass index, LDL
cholesterol, HDL cholesterol, triglycerides, the use of a statin, antihypertensive medication,
aspirin, smoking status and baseline eGFR. In addition, the first 5 ancestry principal
components were included in the proportional hazard model to further control for potential
ancestry stratification. A p-value less than 0.05 was considered statistically significant.

Percent missing was computed for each covariate and missing data patterns were examined
using cluster analysis of variables usually missing together. Observed patterns were
suggestive of data being missing at random.

Multiple imputation for the missing values was performed using the areglmpute algorithm in
the Hmisc package in R (version 3.2). Details of the areglmpute algorithm have been
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described elsewhere.23 The algorithm accounts for all aspects of uncertainty in the
imputations by boot-strapping to approximate the process of drawing predicted values from
a full Bayesian predictive distribution. Different bootstrap resamples are used for each of the
multiple imputations. A flexible additive model is fit on a sample with replacement from the
original data and this model is used to predict all of the original missing and non-missing
values for the target variable, then the imputation models are run. In the imputation model,
linearity is assumed for target variables (variables being imputed) while continuous
predictors on the right-hand side of the model are transformed using restricted cubic splines
with 5 knots. The algorithm uses predictive mean matching with weighted probability
sampling of donors to fill-in the missing data.

Five imputations were performed, creating 5 complete datasets. The regression model
(comprising all covariates included in the imputation model) was fit on each complete
dataset and the regression coefficients were averaged over the multiple imputations. The
distributions of measured and imputed values were highly comparable (Supplemental Figure
2) and the variance inflation due to the missing variables was modest (Supplemental Table
3).

Several sensitivity analyses were performed. First, a series of minimal models were created
using the cohort described above with progressive adjustment for covariates including (1) a
basic model adjusting for only age and sex and principle components and (2) further
adjustment for cardiovascular disease covariates diabetes, SBP, DBP, BMI, LDL, HDL, TG,
statin, anti-hypertensive medication, aspirin, tobacco use.

Second, a mediation analysis was performed including all individuals regardless of prevalent
kidney disease status and progressive adjustment for (1) a basic model of age, sex and
principle components, (2) adjusting for cardiovascular disease risk factors (3) adjusting for
cardiovascular disease risk factors and baseline eGFR and (4) adjusting for cardiovascular
disease risk factors, eGFR and incident CKD.

Third, competing-risks analyses for the outcomes of interest (CAD, PAD and stroke) were
performed using Fine and Gray sub-distribution hazard (SDH) models with CKD modeled
as the competing event. The Fine and Gray method — based on cumulative incidence
functions — fits a proportional hazards model for the sub-distribution hazard and effect
estimates for the outcome of interest (in the presence of competing events) are presented as
sub-distribution hazard ratios. Competing-risks analyses were conducted before and after
performing multiple imputation for missing data using the MICE (multivariate imputation by
chained equations) algorithm (mice package in R). Five imputations were performed,
creating 5 complete datasets; the regression model was fit on each complete dataset and the
regression coefficients were averaged over the multiple imputations.

We conducted a cardiovascular disease phenome-wide association study (PheWAS) to
evaluate associations between APOL 1 and CVD in an unbiased manner in individuals who
had no evidence of kidney disease at baseline or during the follow up period. Broadly, the
PheWAS included 115 cardiovascular conditions (observed in at least 40 individuals)
including arrhythmias, cardiomyopathy, cerebrovascular disease, ischemic heart disease,
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vascular disease and valvular disease. The PheWAS models tested for association with
APOL 1 risk alleles in a recessive model adjusted for age and sex using the R PheWAS
software package?adjusting for age, sex, and the first 5 principal components of ancestry.
With a Bonferroni correction for 115 cardiovascular phenotype codes, a p-value of <4.3 x
10~ was considered significant.

All analyses were conducted using R 3.2 in the VA GenlISIS computational environment.13

MVP Population characteristics

There were 30,903 African American MVP participants genotyped for APOL 1 risk variants
and active in the VA healthcare system prior to the cohort entry date in 2005 (Table 1). On
average 12 years (+ sd 0.7 years) of VA EHR follow up data were available. In the two years
prior to the cohort entry date, the study participants had on average 34 encounters with the
VA healthcare system.

Among these 30,903 participants, 3941 (12.8%) carried two APOL 1 risk alleles, 14,452
participants (46.7%) carried one APOL 1 risk allele, and 12,510 participants (40.4%) carried
no APOL 1 risk alleles. This is identical to the proportion of two APOL1 risk allele carriers
reported in the Atherosclerosis Risk in Communities study (12.8%)8, and highly comparable
to the frequency of two APOL.1 risk allele reported in other population based studies
including the Dallas Heart Study (13.2%)2° and Multi-Ethnic Study of Atherosclerosis
Study (12.1%)°. The G1 and G2 genotypes were in Hardy-Weinberg equilibrium. 88% of the
study population was male. The mean age of the study population was 52 years as of the
cohort entry date. Diabetes was present in 26% at baseline and an additional 30% developed
diabetes in the follow up period. Individuals with two APOL 1 risk alleles were observed to
have a slightly higher prevalence of hypertension (63% vs 61%, p= 4x1073). A greater
proportion of individuals with two APOL 1 risk variants had prevalent CKD relative to non-
carriers (7% vs 4%, p= 1.4 x 10716) and a greater proportion developed incident CKD over
the follow up period (42% vs 35%, p=1.3 x 10714, Table 1).

APOL1 and CAD, Stroke, and PAD

There were 26,486 individuals who had no evidence of CKD or CAD at baseline and were
eligible for the primary analysis. Amongst these individuals, those with two risk alleles had
slightly higher risk of developing CAD compared to those with no risk alleles in fully
adjusted Cox proportional hazard models (HR: 1.11 95% CI: 1.01-1.21, p=0.039, Figure 1
and 2, Supplemental Table 4). Similarly, weak associations were identified with incident
stroke (HR: 1.20 95% CI: 1.05-1.36, p=0.007) and PAD (HR: 1.15 95% CI:1.01-1.29)
among the 28,788 and 28,609 individuals without either CKD or those conditions at
baseline, respectively. No evidence for association was observed among individuals with a
single risk allele to either the primary or either of the secondary endpoints.

In analyses that disaggregated the high-risk alleles by composition, G1/G1 homozygote risk
allele carriers and G1/G2 compound heterozygote risk allele carriers both had increased risk
of CAD (HR:1.13, 95% CI: 0.97-1.29, p=0.11, and HR: 1.16, 95% CI: 1.02-1.3, p=0.02,
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respectively). However, G2/G2 homozygote carriers have no association with CAD (HR:
0.89, 95% CI: 0.7-1.0, p=0.33).

To ensure that these findings were not an artifact of covariate selection, we performed
several sensitivity analyses with progressive covariate adjustment which were consistent
with the results of the fully adjusted models (Supplemental Table 5-7).

We also performed a mediation analysis including all individuals regardless of kidney
disease status at baseline for our three CVD outcomes (Supplemental table 8-10). In this
series of models, progressive adjustment for cardiovascular and kidney disease risk factors
eliminated the association between APOL1 genotype and disease.

We further sought to delineate the renal and cardiovascular effects of APOL1 genotype
using a competing risks Fine and Gray sub-distribution hazard model. Consistent with the
cause specific models described above, when modeling both cardiovascular and renal
outcomes, APOL1 was strongly associated with incident renal disease, while no significant
association with the cardiovascular disease endpoints could be detected (Figure 3,
Supplemental Figure 3,4, Supplemental Table 11).

We performed stratified analyses by sex and baseline diabetes status to evaluate if there were
subgroup differences in outcomes. Although both sub-group analyses were underpowered,
the consistency of hazard ratios between subgroups suggested that there was no significant
heterogeneity by sex or diabetes status (Supplemental Tables 12-13)

APOL1 and Lipids

APOL 1 two risk allele status was associated with modestly increased LDL cholesterol
(effect estimate 0.02 for 2 allele carrier status on log2 LDL, 95% CI 0.005-0.035, p=0.008)
and increased HDL cholesterol (effect estimate 0.02 for 2 allele carrier status on log2 HDL,
95% CI 0.005-0.038, p=0.012, Supplemental Table 14). No significant associations were
observed between two APOL 1 risk allele status and triglycerides (effect estimate 0.01 for 2
allele carrier status on log2 Triglycerides, 95% CI: —0.01, 0.03, p=0.56). Further stratifying
the association with LDL cholesterol by APOL 1 genotype revealed that the association with
increased LDL cholesterol was only present in the G1/G1 and G1/G2 group (p=0.02 and
p=0.03 respectively).

APOL1 and cardiovascular phenome-wide association study

We tested the associations of APOL1 two-risk allele status and 115 diverse cardiovascular
conditions in 19,701 individuals with no evidence of kidney disease at baseline or during
follow-up to evaluate potential APOL1 associations with additional CVD phenotypes in
individuals without CKD (Figure 4, Supplemental Table 15). No conditions exceeded the
Bonferroni-adjusted significance threshold. Of note, we did not find evidence for association
of APOL1 and heart failure, angina or chronic venous insufficiency (Supplemental Table
16).
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Discussion

We evaluated the associations between APOL 1 risk alleles and heart and vascular disease in
a sample of approximately 30,000 African American veterans. Overall, we found a modest
association between the APOL 12 risk allele genotype and CAD, PAD and stroke in
individuals without CKD. From these results we infer that APOL 1 does not represent a
strong independent risk factor for cardiovascular disease.

Interestingly, analyses stratified by risk allele suggested that the G1 and G2 alleles have
differential effects on CAD risk, with G1 having an increased risk in the homozygous state
and G2 having a neutral or potentially protective effect. The LDL cholesterol profile is
consistent with this allelic heterogeneity, and only G1 homozygous allele status being
associated with increased LDL cholesterol levels (Supplemental Table 14). Consistent with
several prior reports®26:27 but in contrast to others?8, APOL1 risk allele status was
associated with higher HDL cholesterol in fully adjusted models (Supplemental Table 3).
Although numerous studies have found an association between low levels of HDL
cholesterol with increased CVD risk, recently the emphasis has shifted from circulating
levels to functionality of HDL particles as a better predictor of CVD29-31, Whether APOL1
risk variants affect HDL particle function remains to be determined.

The impact of APOL 1 on cardiovascular traits beyond CAD has been evaluated by a number
of investigators®9:32.33_ Cardiovascular PheWAS provides a method for exploring this
diversity in an unbiased fashion. Although diverse associations have been reported for
APOL 1 and cardiovascular disease traits, we do not detect such associations in our unbiased
PheWAS analysis. It is possible that differential markers of sub-clinical atherosclerosis that
have been reported (i.e. carotid artery atherosclerosis) are not well captured by the ICD
based PheWAS phenotyping approach and may require more specific phenotyping methods.

Considering our study in the context of the ongoing controversy, conflicting reports in the
published literature on the association between APOL1 and CVD (Supplemental Table 1)
may be ascribed to (1) demographic differences between studies with different proportions
of CKD and different methods for adjusting for it; (2) genotypic differences with varying
proportion of G1 and G2 in a given study; (3) differential association models used (recessive
vs additive and adjustments for covariates); (4) differential composite outcomes for CVD in
general and the inclusion of heart failure as part of the composite outcomes in particular -
which is especially difficult to adjudicate in the setting of concomitant CKD. Based upon
our findings, we suggest that in retrospect, many of the published studies lacked statistical
power to detect what we find is an extremely modest increase in CAD risk.

The strengths of this study include a sample size that is >3 fold larger than previous
investigations with >10 fold more CHD events observed compared to the largest previous
investigations deriving Kidney disease and cardiovascular disease endpoints from the VA
EHR to censor individuals upon developing kidney disease, the use of a single rather than
composite endpoints, and the ability to interrogate numerous heart and vascular disease
endpoints in an unbiased fashion using PheWAS. Limitations of this study include the
significant underrepresentation of female participants, an older population raising the
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possibility of survival bias, reliance on EHR diagnostic codes to determine endpoints and the
possibility that outcomes in VA healthcare system may not be entirely representative of
African American outcomes outside the VA.

Our study suggests several new directions for the field. Although G1 and G2 appear to have
concordant effects on kidney disease risk, they may have distinct effects on the
cardiovascular system and lipid profile that could be better evaluated in a model system.
Although controlling these CVD risk factors are an important component of cardiovascular
and renal health for all individuals, it may be of particular importance in reducing disease
burden in individuals with APOL 1 risk alleles.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Clinical Perspective
1) What is new?

. African-American individuals with kidney disease have increased risk of
cardiovascular disease compared to Caucasians with kidney disease

. Recent reports have sought to evaluate if APOL 1 risk alleles, that cause
kidney disease in African Americans, also confer increased risk of CVD and
reached conflicting conclusions.

. In this study, of 30,903 African American Veterans cared for in the US VA
System, the authors found a modest increase in risk for coronary disease,
stroke and peripheral artery disease in kidney disease free individuals,
however this association was not found when simultaneously modeling
kidney disease.

2) What are the clinical implications?

. This study suggests that the impact of APOL1 high risk variants amongst
African Americans without kidney disease on cardiovascular disease is
modest.

. It may have clinical implications for screening and counseling African
American patients to manage modifiable cardiovascular risk factors that are
also associated with kidney disease, such as hypertension and diabetes
regardless of APOL1 genotype status.

Circulation. Author manuscript; available in PMC 2020 September 17.



1duosnuey Joyiny wA 1duosnue Joyiny wA

1duosnue Joyiny wA

Bick et al.

Page 15

e——

08

% Free of CAD
0.5

ol
=
== 0or1APOLI Risk Alleles
o 1} 2 4 [ £l 1m0 12 == 2 APOL1 Risk Alleles
& 1 I T T
o 2 4 [} -} 10 12
Oor1Alleles 23232 20813 19201 17788 16426 14892 13188
2 Risk Alleles 3254 2855 2613 2385 2188 1988 1759
. 1N
- &
e = ] \'.\\
& % E W
Y= o
(=] .
[T % by
o i
&
B
R oof N
g4 = OorlAPOL1 Risk Alleles
5 1 : b . 2 = 2 APOL1 Risk Alleles

0 2 4 [} B ] 2

Oor1Alleles 25246 22715 21073 19678 18305 16654 14794
2 Risk Alleles 3542 3117 2867 2635 2421 2191 1951

a

—
— —_—
—_—

[ok:]

% Free of PAD

02
1

== Dor1APOL1 Risk alleles
= 2 APOL1 Risk Alleles

o

=

T T T T

0 2 4 ] 8 10 12
Oor1Alleles 25084 22577 20064 19589 18269 16642 14739
2 Risk Alleles 3525 3117 2871 2634 2436 2205 1967

Years

Figure 1. Association of APOL1 and incident CAD, Stroke and PAD.
Kaplan Meier plots depicting disease free survival amongst individuals free of kidney

disease at baseline over the 12.5 year follow up period stratified by APOL1 2 risk allele
status. Data is censored at last VA clinical encounter or upon developing chronic kidney
disease. Inset plots displays the same data on an expanded y-axis. Risk-sum tables for each
phenotype are displayed below the x axis. CAD, coronary artery disease; PAD, peripheral
artery disease.
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Figure 2. Association of APOL1 and incident CAD, Stroke and PAD.
Forest plot representing hazard ratios of disease-free survival stratified by APOL1 risk allele

carrier status in fully adjusted Cox proportional hazard models. CAD, coronary artery
disease; PAD, peripheral artery disease.
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Figure 3. Cumulative incidence function estimates from competing risks modeling of CAD and
CKD/ESRD outcomes.
Test for equality across APOL1 risk allele groups CAD: p=0.56. CKD/ESRD p=5.1 x 1074,

CAD, coronary artery disease; PAD, peripheral artery disease; ESRD, end-stage renal
disease
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Figure 4. Cardiovascular phenome-wide association of APOL 1 two risk allele status in
individuals free of kidney disease.

Phenome-wide association did not identify any significant cardiovascular disease
associations with APOL 1. Dashed horizontal line represents experiment wide significant p-
value adjusted for 115 cardiovascular phenotypes (p<4 x 10~4). Each triangle represents a
subset of CVD disease as defined by 1CD-9 codes, colored by cardiovascular disease
category.
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Table 1.

Study population characteristics stratified by APOL 1 risk allele status

APOL1 risk alleles

0

1

2

Baseline clinical characteristics p

N 12510 (40%) | 14452 (47%) | 3941 (13%) | -

VA Clinical Encounters in baseline period, mean (sd) | 34 (46) 33 (44) 34 (47) 0.73
Follow up time, years, mean (sd) 12 (0.7) 12 (0.7) 12 (0.8) 0.93
Age, n (%) 52 (10) 52 (10) 52 (10) 0.09
Male, n (%) 11096 (89%) | 12823 (89%) | 3477 (88%) | 0.13
Diabetes, n (%) 3078 (25%) | 3657 (25%) | 1011 (26%) | 0.07
Hypertension, n (%) 7577 (61%) | 8820 (61%) | 2475 (63%) | 0.004
Tobacco use, n (%) 9595 (77%) 11105 (77%) | 2993 (76%) | 0.05
Aspirin, n (%) 1620 (13%) | 1810 (13%) | 472 (12%) | 0.04
Statin, n (%) 2934 (24%) | 3478 (24%) | 965 (25%) | 0.07
Anti-hypertensive medication, n (%) 6112 (49%) 7249 (50%) 2029 (52%) | 0.006
Systolic BP mmHg, mean (sd) 134 (17) 134 (18) 134 (17) 0.64
Diastolic BP mmHg, mean (sd) 79 (11) 79 (11) 79 (11) 0.06
Body mass index, mean (sd) 30 (6) 30 (6) 31 (6) 0.03
LDL-C mg/dL, mean (sd) 112 (36) 113 (37) 113 (36) 0.39
HDL-C mg/dL, mean (sd) 48 (16) 48 (16) 48 (15) 0.84
Triglyceride-C mg/dL, mean (sd) 137 (125) 137 (134) 141 (139) 0.02
eGFR mL/min/1.73 m2, mean (sd) 90 (21) 90 (21) 86 (24) <0.001
Prevalent Disease

Prevalent CAD, n (%) 1380 (11%) | 1640 (11%) | 461 (12%) | 0.07
Prevalent Stroke, n (%) 358 (3%) 388 (3%) 116 (3%) 0.14
Prevalent PAD, n (%) 451 (4%) 520 (4%) 145 (4%) 0.10
Prevalent CKD, n (%) 441 (4%) 582 (4%) 266 (7%) <0.001
Prevalent ESRD, n (%) 44 (0%) 53 (0%) 88 (2%) <0.001
Incident Disease

Follow up time, years, mean (sd) 12 (0.7) 12 (0.7) 12 (0.8) 0.93
Incident CAD, n (%) 1806 (14%) | 2155 (15%) | 604 (15%) | 0.06
Incident Stroke, n (%) 908 (7%) 1075 (7%) 319 (8%) 0.01
Incident PAD, n (%) 1026 (8%) 1216 (8%) 364 (9%) 0.02
Incident CKD, n (%) 4376 (35%) | 5167 (36%) | 1640 (42%) | <0.001
Incident ESRD, n (%) 388 (3%) 518 (4%) 347 (9%) <0.001
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*

P for comparison of 2 APOL 1 risk alleles compared to 0 or 1 APOL I risk alleles by Fisher exact test for proportions and Wilcoxon test for
continuous variables. sd, standard deviation; BP, blood pressure; LDL-C, low-density lipoprotein cholesterol; HDL-C, high-density lipoprotein
cholesterol; eGFR, estimated glomerular filtration rate; CAD, coronary artery disease; PAD, peripheral artery disease; CKD, chronic kidney

disease; ESRD, end-stage renal disease
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