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Introduction: To better understand the impact of APOL1 risk variants in end-stage renal disease (ESRD) we
evaluated associations of APOL1 risk variants with subclinical cardiovascular disease (CVD) and mortality
among African Americans initiating hemodialysis and enrolled in the Predictors of Arrhythmic and Car-
diovascular Risk in ESRD cohort study.

Methods: We modeled associations of APOLT risk status (high = 2; low = 0/1 risk alleles) with baseline
subclinical CVD (left ventricular [LV] hypertrophy; LV mass; ejection fraction; coronary artery calcification
[CAC]; pulse wave velocity [PWV]) using logistic and linear regression and all-cause or cardiovascular
mortality using Cox models, adjusting for age, sex, and ancestry. In sensitivity analyses, we further
adjusted for systolic blood pressure and Charlson Comorbidity Index.

Results: Of 267 African American participants successfully genotyped for APOL1, 27% were high-risk
carriers, 41% were women, and mean age was 53 years. At baseline, APOL1 high- versus low-risk sta-
tus was independently associated with 50% and 53% lower odds of LV hypertrophy and CAC, respectively,
and 10.7% lower LV mass. These associations were robust to further adjustment for comorbidities but not
systolic blood pressure. APOL1 risk status was not associated with all-cause or cardiovascular mortality
(mean follow-up 2.5 years).

Conclusion: Among African American patients with incident hemodialysis, APOL1 high-risk status was
associated with better subclinical measures of CVD but not mortality.
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VD is a common complication of chronic kidney

disease (CKD) associated with increased morbidity
and mortality. In a sample of Medicare patients, CVD
prevalence was approximately 2-fold higher in those
with CKD compared with those without CKD (65% vs.
32%, respectively).! Among patients with ESRD on
hemodialysis, prevalence of CVD is even higher at
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71%.' Cardiovascular disease and CKD are closely
intertwined: the presence of both portends worse short
and long-term survival.'

Studies to date have consistently demonstrated that
risk variants in the APOLI gene confer an increased
risk for kidney disease progression.2 ® The APOLI risk
haplotypes, known as Gl and G2, are found almost
exclusively in persons of African ancestry and are
associated with focal segmental glomerulosclerosis,
HIV-associated nephropathy, and hypertension-
attributed CKD.” ° Early studies suggested that the
APOLI risk variants also may be associated with
adverse cardiovascular outcomes’®; however, a recent
meta-analysis of 8 pre-ESRD cohorts reported no
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association between APOLI high-risk status (2 risk
alleles) and incident clinical CVD.” In another large
cohort of African American US veterans (mean esti-
mated glomerular filtration rate ~86-90 ml/min per
1.73 m®), APOLI high-risk status was modestly asso-
ciated with incident coronary artery disease, although
this was thought to be mediated via the variants’ as-
sociations with CKD.'” A phenome-wide association
analysis of African American individuals (median
estimated glomerular filtration rate ~67-79 ml/min per
1.73 m” in the Penn Medicine Biobank; 6% with ESRD
on dialysis in the Vanderbilt BioVU) also reported that
the APOLI risk variants were not independently
associated with CVD phenotypes.'' These studies pri-
marily consisted of individuals with normal kidney
function or non—dialysis-dependent CKD. The signifi-
cance of APOLI risk variants after the development of
ESRD is less clear. A single study implicated that
prevalent hemodialysis patients with APOLI high-risk
status had a survival benefit compared with those with
low-risk status (0/1 risk allele).'”

The transition from CKD to ESRD is a particularly
vulnerable period for CVD complications. With dialysis
initiation comes sudden, marked changes in serum
electrolyte levels, volume status, and blood pressure,
all of which can further increase CVD risk.'” We aimed
to study the associations of APOLI risk variants with
subclinical CVD and mortality in a cohort of black
incident hemodialysis patients. We hypothesized that
participants with APOLI high-risk status would have
more subclinical CVD at baseline and, thus, increased
risks of all-cause and mortality
compared with their counterparts with APOLI low-
risk status.

cardiovascular

METHODS

Study Population

The Predictors of Arrhythmic and Cardiovascular Risk
in End-Stage Renal Disease (PACE) study was a pro-
spective observational cohort designed to investigate
arrhythmic and sudden cardiac death risks among
incident hemodialysis patients. Details regarding the
study have previously been reported.'” Briefly, partici-
pants, aged =18 years, were recruited between
November 2008 and August 2012 from 27 outpatient (25
free-standing; 2 hospital-based) hemodialysis units in
Baltimore, Maryland, and the surrounding area.'*'’
Incident hemodialysis was defined as initiation of reg-
ular outpatient thrice-weekly hemodialysis within 6
months of enrollment. Exclusion criteria included home
hemodialysis or peritoneal dialysis; presence of a pace-
maker and/or automatic implantable cardioverter-
defibrillator; cancer (except nonmelanoma skin cancer);
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pregnant or nursing mothers; individuals in hospice, a
skilled nursing facility, or prison; and health conditions
that might interfere with study participation (e.g., de-
mentia or psychosis). Informed consent was obtained
from all participants. The study was approved by
institutional review boards of the Johns Hopkins Uni-
versity School of Medicine and MedStar Health.'
Among 393 self-reported African American partici-
pants, 371 consented to genetic testing, and 267 were
successfully genotyped for ancestry informative markers
and APOLI risk variants (Supplementary Figure S1).

Genotyping

The primary predictor was APOLI risk status, defined
by a recessive genetic model. At baseline and annually
thereafter, biospecimens were collected and stored
at —80°C. DNA was extracted from whole blood (n =
222) and buffy coat (n = 45) samples by LGC Genomics
(Beverly, MA). Genotyping was performed at the
Frederick National Laboratory for Cancer Research
(Frederick, MD) using custom Tagqman assays for
APOLI (rs60910134, rs73885319, and rs71785313) and
using the Infinium QC Array-24 v1.0 (Illumina; San
Diego, CA) for 15,949 ancestry informative markers, of
which 15,030 passed quality control. Ancestry was
estimated by principal components (PCs) analysis
(performed by The Centre for Applied Genomics, The
Hospital for Sick Children, Toronto, Canada) using the
SmartPCA package (version 10210) of Eigenstrat
5.0.1'>"7 with the 1000 Genomes Project as the refer-
ence dataset. Based on the scree plot of eigenvalues
versus PC index, the first 2 PCs had the strongest ef-
fects. For APOLI, high-risk status was defined as
having 2 risk alleles; low-risk status was defined as
having 0 or 1 risk allele.

Outcomes

All baseline cardiac assessments were obtained by
trained personnel on nondialysis days at the Johns
Hopkins Institute for Clinical and Translational
Research clinic. LV hypertrophy, mass, and ejection
fraction were determined from echocardiograms
(Toshiba Artida; Toshiba, Tokyo, Japan) read centrally
by the Johns Hopkins Cardiovascular Laboratory. Us-
ing M-mode of the parasternal short axis view, LV mass
was estimated by 0.8%(1.04*([LVIDD + PWTD +
IVSTD]” — [LVIDD]’)) + 0.6 g, where LVIDD = LV
internal diameter, PWTD = posterior wall thickness,
and IVSTD = interventricular septum thickness in
diastole. LV hypertrophy was defined as a LV mass
index =116 g/m” for men and =104 g/m” for women.
Ejection fraction was calculated by (end diastolic — end
systolic volume)/(end diastolic volume) X 100%.
Quantified by method of Agatston, CAC was measured

Kidney International Reports (2021) 6, 333-341
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Table 1. Baseline characteristics of African American PACE participants included in study, by APOLT genotype status

All (n = 267)
Age, y 526 +£12.0
Female, n (%) 109 (41)

Current smoker, n (%) 77 (29)

History of hypertension, n (%) 267 (100)
History of diabetes, n (%) 150 (56)
History of atrial fibrillation, n (%) 70 (26)
Prevalent coronary arfery disease, n (%) 85 (32)
Prevalent cerebrovascular disease, n (%) 65 (24)
Prevalent congestive heart failure, n (%) 100 (387)
Body mass index, kg/m? 292 + 823
Systolic blood pressure, mm Hg 138 + 26
Diastolic blood pressure, mm Hg 77 £ 14
Pulse pressure, mmHg 61 + 18
Days from dialysis initiation to baseline cardiac assessment 121 + 61
Cause of ESRD, n (%)
Glomerulonephritis 37 (14)
Hypertension 69 (26)
Diabetes 92 (34)
Other 44 (16)
Unknown 25 (9)
Ki/V average over 3 mo 1.78 + 0.35
Intradialytic weight change average over 3 mo, kg 23+09
Total cholesterol, mg/dl 171 + 44
High-density lipoprotein, mg/dl 54 + 18
Triglycerides, mg/dl 129 + 61
Low-density lipoprotein, mg/dl 90 + 39
Use of anti-hypertensive medications, 1 (%) 215 (97)
Use of statins, n (%) 98 (44)
Use of aspirin, n (%) 90 (41)
Vascular access, n (%)
Arteriovenous fistula 67 (25)
Arferiovenous graff 11 4)
Venous catheter 187 (71)
Charlson Comorbidity Index, poinfs 5+2
LV hypertrophy, n (%) 176 (72)
LV mass, g 272 [212 fo 345]
Ejection fraction, % 66.0 £ 11.7
CAC >0, n (%) 109 (54)

173 [21 to 607]
9.8 [7.9 10 12.5]

CAC, Agatston score®
Pulse wave velocity, m/s

APOLT high-risk (n = 73) APOL1 low-risk (n = 194) P value

49.0 + 132 539 + 11.3 <001

29 (40) 80 (41) 0.82
21 (29) 56 (29) 0.97
73 (100) 194 (100) —

26 (36) 124 (64) <0.01
19 (26) 51 (26) 0.97
19 (26) 66 (34) 0.21
19 (26) 46 (24) 0.69
23 (32) 77 (40) 0.22

29.6 + 8.1 29.0 + 8.4 0.61
132 + 24 140 + 26 0.03
77+£15 77+ 14 0.94
56 + 16 63 + 19 <0.01
128 + 61 119 + 62 0.31

18 (25) 19 (10) <0.01
22 (30) 47 (24)
15 (21) 77 (40)
15 (21) 29 (15)
3 ) 22.(1)

1.78 + 0.34 1.77 + 0.35 0.89
22+08 2.3+09 0.34
167 + 35 172 + 47 0.40

54 + 17 55 + 19 0.67
134 + 68 127 + 59 0.43
87 + 31 92 + 41 0.29
55 (95) 160 (98) 0.31
26 (45) 72 (44) 0.90
18 31) 72 (44) 0.09
0.02

15 (21) 52 (27)

7 (10) 42

51 (70) 136 (71)
5+2 5+2 0.37
40 (63) 136 (76) 0.04
252 [198 o 327] 278 [219 to 355] 0.10
64.6 + 9.1 66.5 + 12.4 0.21
18 (34) 91 (81) <0.01
199 [47 to 380] 171 [19 10 617] 0.87
8.7 [7.41011.3] 105 [8.3 10 13.1] <001

CAC, coronary artery calcification; ESRD, end-stage renal disease; HIV, human immunodeficiency virus; LV, left ventricular; PACE, Predictors of Arrhythmic and Cardiovascular Risk in

End-Stage Renal Disease.

#Among participants with CAC>0. Values presented as number (%), mean =+ SD, or median [interquartile range]. APOLT genotype status defined by a recessive genetic model: high-

risk = 2 risk alleles and low-risk = 0-1 risk alleles.

Missing values for the following variables: smoking (n = 1), body mass index (n = 2), systolic blood pressure (n = 18), diastolic blood pressure (n = 18), pulse pressure (n = 18), days
from dialysis initiation to baseline cardiac assessment (n = 19), Kt/V (n = 23), intradialytic weight change (n = 23), total cholesterol (n = 19), high-density lipoprotein (n = 19), tri-
glycerides (n = 19), low-density lipoprotein (n = 20), anti-hypertensive medication use (n = 45), statin use (n = 45), aspirin use (n = 45), vascular access (n = 2), LV hypertrophy (n = 24),

LV mass (n = 23), ejection fraction (n = 23), CAC (n = 66), pulse wave velocity (n = 75).

using multidetector computed tomography and angi-
ography (Toshiba Aquilon 32; Toshiba)'®'” and CAC
presence defined by an Agatston score >0. PWV of the
right carotid and right femoral arteries was assessed
using the Sphygmocor PVx system (Atcor Medical,
West Ryde, New South Wales, Australia) after 5 mi-
nutes of rest with the patient in supine position.
Measurements were obtained by trained personnel
following a standardized protocol that included real-
time quality control checks."”

Kidney International Reports (2021) 6, 333-341

In addition to annual clinic visits (for up to 4 years),
study coordinators contacted dialysis units and par-
ticipants semi-annually to collect information on hos-
pitalizations and vital status. On notification of a death,
records from recent hospitalization or emergency room
visits and the Centers for Medicaid and Medicare Ser-
vices death notification form (CMS-2746) were ob-
tained. Next of kin were also interviewed. All deaths
were adjudicated by the PACE Endpoint Committee.
Cardiovascular mortality was defined as death
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Table 2. Associations of APOLT genotype status with subclinical cardiovascular disease at baseline in PACE, comparing APOLT high- versus

low-risk status

Adjusted for age, sex
and ancestry

Unadjusted

0dds ratio (95% confidence interval)

P value

LV hypertrophy (n = 243) 0.53 (0.29 t0 0.97)
0.04 0.03

0.32 (0.17 t0 0.62)
0.001 0.04

CAC >0 (n = 201)

B (95% confidence interval)
P value

Ejection fraction (n = 244) ~1.84 (—5.18 1o 1.50)

0.50 (0.26 t0 0.94)

0.47 (0.22 to 0.98)

~1.47 (—4.93 to 1.99)

Adjusted for age, sex, ancestry,
and CCI Adjusted for age, sex, ancestry, and SBP

0.51 (0.27 t0 0.96) 0.54" (0.28 1o 1.03)

0.04 0.06
0.47 (0.22 to 0.98) 051" (0.24 10 1.07)
0.04 0.08

~1.69 (—5.13 10 1.75) —1.67° (—5.20 fo 1.86)

0.28 0.41 0.34 0.35

% Difference (95% confidence

interval)

P value

CAC® (n = 109) 7.37 (—62.40 o 206.62) 68.40 (—36.52 fo 346.76) 81.88 (—30.93 to 378.95) 61.59 (—38.80 to 326.61)
0.89 0.29 0.22 0.33

LV mass (n = 244) —7.94 (—16.58 to 1.60) —10.69 (—18.99 fo —1.54) —10.56 (—18.90 to —1.36) —9.00° (—17.40 10 0.26)
0.10 0.02 0.03 0.06

Pulse wave velocity (n = 192) —12.98 (—20.85 to —4.32) —7.86 (—16.08 fo 1.16) —7.72 (—15.92 o 1.29) —4.99 (-12.91 fo 3.64)
0.004 0.09 0.09 0.25

CAC, coronary artery calcification; CCI, Charlson Comorbidity Index; LV, left ventricular; PACE, Predictors of Arrhythmic and Cardiovascular Risk in End-Stage Renal Disease; SBP,

systolic blood pressure.
#Among individuals with CAC >0.
°Number of participants is n-1.

APOLT risk status defined by a recessive genetic model: high-risk = 2 risk alleles and low-risk = 0-1 risk alleles.

attributed to sudden cardiac death, arrhythmia, or
. . . 14
ischemic cardiovascular or cerebrovascular event.

Covariates

Sociodemographic and clinical data were collected at
baseline from questionnaires and medical records. Race
was self-reported. Cause of ESRD was determined from
review of medical records, kidney biopsy reports, and
the CMS-2728 form. Baseline comorbidity was evalu-
ated using the Charlson Comorbidity Index and adju-
dicated by the PACE Endpoint Committee. All
participants underwent a baseline physical examina-
tion on a nondialysis day, including measurements of
height and weight. Three seated resting blood pres-
sures, measured in a standardized manner using an
oscillometric machine, were averaged. Lipids were
measured from fasting (=8 hours) biospecimens using
the Roche Integra Analyzer (Indianapolis, IN) at the
Laboratory for Clinical Biochemistry Research in
Vermont.'*

Statistical Analyses

Baseline characteristics were compared by APOLI risk
status using Student’s ¢-test or Wilcoxon rank-sum test
for continuous variables and Y’ test for categorical
variables. Continuous outcomes that were skewed (LV
mass, CAC, PWV) were natural-log transformed to
achieve a more normal distribution. In cross-sectional
analyses, the associations of APOLI risk status with
LVH and CAC (as binary variables) were assessed using
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logistic regression, and with LV mass, CAC, ejection
fraction, and PWV (as continuous variables) using
linear regression. In time to event analyses, the asso-
ciations of APOLI risk status with all-cause and car-
diovascular mortality were assessed using Cox
proportional hazards models. Administrative censoring
occurred on June 30, 2014, and the proportional haz-
ards assumption was checked using Schoenfeld re-
siduals. The following models were constructed: (1)
Unadjusted; (2) Model 1 adjusted for age, sex, and
ancestry (PCs 1 and 2); (3) Model 2 adjusted for age,
sex, ancestry, and Charlson Comorbidity Index; and (4)
Model 3 adjusted for age, sex, ancestry, and systolic
blood pressure. Given that our primary exposure was a
gene, we treated model 1 as our final model. To assess
the robustness of our findings, we further adjusted for
Charlson Comorbidity Index as a marker of general
health in model 2 and systolic blood pressure as a po-
tential mediator in model 3.”° For the outcomes of
ejection fraction, LVH, and LV mass, we further
adjusted for average intradialytic weight change (in
addition to age, sex, and ancestry), as a surrogate
marker of volume removed with hemodialysis, in the 3
months preceding baseline cardiovascular measure-
ment. In sensitivity analyses, we assessed for effect
modification by history of diabetes (yes vs. no) for
subclinical CVD and by age (<55 vs. =55 years), his-
tory of diabetes, and cause of ESRD (diabetes vs. other)
for all-cause and cardiovascular mortality using inter-
action terms of each with APOLI risk status. Because

Kidney International Reports (2021) 6, 333-341
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Table 3. Associations of APOLT high- versus low-risk genotypes with subclinical cardiovascular disease at baseline in PACE, by history of

diabetes
Diabetes” No diabetes®
0dds Ratio (95% ClI) 0dds Ratio (95% Cl)
n P value n P value P-interaction”

LV hypertrophy 134 0.562 (0.19 o 1.44) 109 0.43 (0.17 fo 1.06) 0.99

0.21 0.07
CAC >0 110 0.41 (0.21 to 0.80) 91 1.00 (0.50 to 1.99) 0.07

0.01 1.00

B (95% CI) B (95% Cl)
P value P value

Ejection fraction 135 0.15 (—5.88 10 6.18) 109 —2.26 (—6.69 10 2.18) 0.41

0.96 0.32

% Difference (95% CI) % Difference (95% CI)
P value P value

CAC*® 61 213.50 (—65.43 to 2743.09) 48 108.58 (—34.45 to 563.66) 0.65

0.30 0.21
LV mass 135 —3.57 (—17.47 0 12.67) 109 —15.07 (—26.07 to —2.44) 0.35

0.65 0.02
Pulse wave velocity 98 —5.64 (—19.10 fo 10.06) 94 —3.80 (—13.06 fo 6.45) 0.77

0.46 0.45

CAC, coronary artery calcification; CCI, Charlson Comorbidity Index; Cl, confidence interval; LV, left ventricular; PACE, Predictors of Arrhythmic and Cardiovascular Risk in End-Stage

Renal Disease; SBP, systolic blood pressure.
#Models adjusted for age, sex, and ancestry.

Models adjusted for age, sex, ancestry, history of diabetes, and interaction term between APOLT risk status and history of diabetes.

°Among individuals with CAC >0.

APOL1 genotype status defined by a recessive genetic model: high-risk = 2 risk alleles and low-risk = 0-1 risk alleles.

prior studies suggested additive effects of APOLI,* **

we also considered an additive genetic model (0, 1, or 2
risk alleles). Analyses were performed using Stata 15.1
software (StataCorp LLC; College Station, TX) with P <
0.05 considered statistically significant.

RESULTS

Baseline Characteristics

Among 267 African American PACE participants, 27%
had 2 risk alleles and 73% had 0 or 1 risk allele
(Supplementary Table S1). At baseline, the APOLI
high-risk group was younger, less likely to have dia-
betes, and had lower mean systolic blood pressure and
pulse pressure compared with the low-risk group.
Cause of ESRD also differed, with most cases attributed
to hypertension and diabetes in the APOLI high- and
low-risk groups, respectively (Table 1). Participants
included in the study were younger (mean age 53 vs.
58 years; P = .0002), less likely to be women (41% vs.
53%; P = 0.02), more likely to have a history of hy-
pertension (100% vs. 98%; P = 0.04), had a lower
mean Kt/V (1.78 vs. 1.86; P = 0.03) and Charlson Co-
morbidity Index score (5.20 vs. 5.70; P = 0.03), worse
lipid parameters (mean total cholesterol 171 vs. 155 mg/
dl; P = 0.02 and mean low-density lipoprotein 90 vs.
74 mg/dl; P = 0.03), and were less likely to have CAC
(54% vs. 74%; P = 0.04) with a lower median CAC (173
vs. 327 Agatston score [among those with CAC >0J;
P = 0.04) compared with African American partici-
pants who were excluded from the study.

Kidney International Reports (2021) 6, 333-341

LV Hypertrophy and LV Mass

Among participants with available baseline echocar-
diogram data, 72% had LVH. Although fewer partici-
pants in the APOLI high-risk group had LVH
compared with the low-risk group (63% vs. 76%; P =
0.04), median LV mass did not differ significantly be-
tween groups (252 g vs. 278 g for APOLI high- vs. low-
risk; P = 0.10). Participants with the APOLI high-risk
genotypes had 50% lower odds of LVH (95% confi-
dence interval [CI] 0.26-0.94) and 10.7% lower LV

Table 4. Hazard risk of all-cause mortality and cardiovascular
mortality in PACE, comparing APOLT high- versus low-risk status

Hazard ratio (APOLT
n Events high vs. low risk)  95% Cl P value

All-cause mortality

Unadjusted 267 53 0.78 0.42-1.45 0.43

Adjusted for age, sex, and 267 53 0.81 0.43-1.53 0.52
ancestry

Additionally adjusted for CCI 267 53 0.86 0.45-1.63 0.64

Additionally adjusted for 249 49 0.75 0.38-1.50 0.42
SBP

Cardiovascular mortality

Unadjusted 267 22 0.71 0.26-1.94 0.51

Adjusted for age, sex, and 267 22 0.65 0.23-1.79 0.40
ancestry

Additionally adjusted for CCI 267 22 0.65 0.23-1.84 0.42

Additionally adjusted for 249 21 0.53 0.17-1.62 0.26
SBP

CCl, Charlson Comorbidity Index; Cl, confidence interval; PACE, Predictors of Arrhythmic
and Cardiovascular Risk in End-Stage Renal Disease; SBP, systolic blood pressure.
Follow-up time was 2.7 years for APOLT high-risk group and 2.4 years and for APOLT
low-risk group (P = 0.12).

APOLT risk status defined by a recessive genetic model: high-risk = 2 risk alleles and
low-risk = 0-1 risk alleles.
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Figure 1. Kaplan-Meier survival curves for all-cause mortality and cardiovascular mortality, by APOLT genotype status.

mass (95% CI —18.99 to —1.54) compared with their
counterparts genotypes,
adjusting for age, sex, and ancestry. These associations
persisted after further adjustment for the Charlson
Comorbidity Index but not systolic blood pressure
(Table 2) and were not modified by history of diabetes
(Table 3). Accounting for average intradialytic weight
change did not alter the association of APOLI high-risk
status with LVH (odds ratio 0.51; 95% CI 0.27-0.98)
but did attenuate its association with LV mass (%
difference —8.34; 95% CI: —16.66 to 0.80).

with the low-risk after

Coronary Artery Calcification

CAC was present in 54% of participants who underwent
baseline computed tomography and angiography. A
lower percentage of participants in the APOLI high-risk
group had CAC presence compared with the low-risk
group (34% vs. 61%; P < 0.01). Among participants
with CAC, however, median Agatston scores did not
differ significantly between the 2 groups (199 vs. 171 for
APOLI high- vs. low-risk; P = 0.87). Participants with
the APOLI high-risk genotypes had 53% lower odds of
having CAC (95% CI 0.22-0.98) compared with those
with the low-risk genotypes, after adjusting for age, sex,
and ancestry (Table 2). On further investigation, this as-
sociation appeared to be primarily in participants with a
history of diabetes (odds ratio 0.41; 95% CI 0.21-0.80);
however, formal testing for effect modification by history
of diabetes did not reach statistical significance (Table 3;
P-interaction = 0.07). The association of APOLI high-risk
status with lower CAC remained statistically significant
after further adjustment for the Charlson Comorbidity
Index but not systolic blood pressure. There was no
significant difference in CAC severity between the 2
APOLI risk groups (Table 2).
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Ejection Fraction

Mean ejection fraction was 66.0% (64.6% and 66.5%
in APOLI high- vs. low-risk groups; P = 0.21). The
APOLI risk genotypes were not associated with base-
line ejection fraction in any of the models (Table 2) or
on further adjustment for average intradialytic weight
change (B —1.56; 95% CI —5.16 to 2.03). There was no
effect modification by history of diabetes (Table 3).

Pulse Wave Velocity

The median PWV was lower in the APOLI high-
compared with low-risk group (8.7 vs. 10.5 m/s; P <
0.01); however, APOLI high-risk genotypes were not
associated with PWV after adjusting for age, sex, or
ancestry (Table 2), nor was there effect modification by
diabetes history (Table 3).

All-cause and Cardiovascular Mortality

Over a mean follow-up of 2.5 years, risk of all-cause
mortality did not differ significantly between the
APOLI high- vs. low-risk groups (hazard ratio = 0.81;
95% CI 0.43-1.53). When specifically considering car-
diovascular mortality, risk also did not differ among
participants with the APOLI high- versus low-risk
genotypes (hazard ratio = 0.65; 95% CI 0.23-1.79;
Table 4; Figure 1). There was no evidence of effect
modification by age, history of diabetes, or diabetes as
cause of ESRD (P-interaction >0.05 for each).

Additive Genetic Model

When considering an additive genetic model, the odds
of having LVH at baseline was 36% lower per one
additional APOLI risk allele (95% CI 0.43-0.97),
adjusting for age, sex, and ancestry. This protective
association was attenuated and no longer statistically
significant after further adjustment for systolic blood
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pressure (odds ratio 0.67; 95% CI 0.44-1.02). When
considering LV mass, each additional APOLI risk allele
was associated with a 7.39% lower LV mass (95%
CI —12.68 to —1.78) that persisted after further
adjustment for the Charlson Comorbidity Index
(—7.44%; 95% CI —12.73 to —1.82) or systolic blood
pressure (—6.13%; 95% CI —11.47 to —0.47). There
was no association between number of APOLI risk
alleles and baseline CAC, ejection fraction, or PWV
(Supplementary Table S2) or time to all-cause or car-
diovascular mortality (Supplementary Table S3).

DISCUSSION

In this study of African American incident hemodial-
ysis patients, APOLI high-risk status was common and
paradoxically associated with better baseline measures
of subclinical CVD, namely lower likelihood of LVH
and CAC and lower LV mass, compared with those with
low-risk status. Despite these findings, APOLI high-
risk status was not associated with all-cause or car-
diovascular mortality.

As anticipated, the prevalence of APOLI risk alleles
is higher among persons with ESRD compared with
those with predialysis CKD or the general population.
Specifically, 27% of our study population had 2 APOLI
risk alleles compared with 19% to 23% in CKD cohorts
and 13% to 14% in general population cohorts.””*’
Other studies of incident and prevalent chronic hemo-
dialysis patients have reported prevalence of 37%
and 29%, res;pectively.lz’24 In addition, we found that
individuals with APOLI highrisk status were on
average 5 years younger at the time of dialysis initiation
compared with individuals with low-risk status,
consistent with prior studies.'”***” Taken together,
these findings provide support for the aggressive nature
of APOLI-associated kidney disease, leading to ESRD.

Subclinical CVD is common at the time of dialysis
initiation,"” with most of our participants having LVH
and CAC. Surprisingly, APOLI high-risk status was
associated with better subclinical CVD measures, spe-
cifically lower odds of CAC and LVH and lower mean
LV mass. To our knowledge, this is the first study to
report an association of APOLI risk variants with
subclinical measures of CVD in ESRD. We previously
reported in the Multi-Ethnic Study of Atherosclerosis,
a cohort of individuals without baseline clinical CVD,
that APOLI high-risk status was not associated with
CAC or LV mass.” Similarly, APOLI high-risk status
was not associated with CAC or LVH in the Coronary
Artery Disease Risk in Young Adults study, another
cohort of healthy young adults.”’ In the Jackson Heart
Study, a population-based cohort, APOLI high-risk
status was associated with lower Agatston scores in
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the left main coronary artery but not LVH.” In the
African American—Diabetes Heart Study, presence of
one APOLI risk allele was associated with lower
calcified plaques in the carotid artery but not coronary
artery or aorta.”® Given that APOLI protein and RNA
are expressed in vascular smooth muscle and endo-
thelial cells within the kidney,zg’ 0 the risk variants
could conceivably protect against subclinical CVD via
direct and local effects on the vasculature. Alterna-
tively, individuals with APOLI high-risk status may
simply represent a healthier population at hemodialysis
initiation compared with their counterparts with low-
risk status. In support of this, we observed that the
APOLI high-risk group was younger and much less
likely to have diabetes compared with the low-risk
group. Moreover, mean blood pressure was lower in
the APOLI high-risk group. Once we adjusted for
systolic blood pressure, the protective associations of
APOLI with CAC, LVH, and LV mass dissipated.

In our study, APOLI high-risk status was not
associated with all-cause or cardiovascular mortality.
This is in contrast to a previous study reporting an
association of APOLI risk variants with longer dialysis
survival, but only among patients with nondiabetic
ESRD.'” Their study population consisted of prevalent
(~3—4 years) hemodialysis patients with APOLI high-
risk individuals having fewer comorbidities, perhaps
leading to a survival bias.'” Consistent with our find-
ings, APOLI high-risk status was not associated with
all-cause mortality in a meta-analysis of 8 cohorts
consisting of nonhemodialysis patients.”

Our study has several strengths. First, each
participant underwent extensive and standardized
cardiac phenotyping at baseline, enabling us to study
associations of APOLI risk status with various mea-
sures of subclinical CVD. Second, our study popu-
lation consisted of patients with ESRD who initiated
hemodialysis within 6 months of enrollment. We
likely had less survival bias compared with prior
studies of prevalent hemodialysis patients. Third,
extensive efforts were made to ensure that all deaths
were captured and formally adjudicated by an
endpoint committee. Our study also has limitations
warranting consideration. With only 53 mortality
events and relatively short follow-up of 2.5 years, we
may have had limited power to detect a difference in
mortality risk by APOLI risk status. Our analyses of
subclinical CVD were cross-sectional. Given that
PACE participants were recruited from the greater
Baltimore area, our findings may not be generalizable
to other patient populations. There were also several
notable differences between participants included
versus excluded from our study, which may have
resulted in a selection bias. Finally, log-transforming

339




CLINICAL RESEARCH

CAC decreased but did not completely normalize its
skewed distribution; therefore, the results should be
cautiously interpreted.

In conclusion, among African American incident
hemodialysis patients, APOLI high-risk status was
associated with better measures of subclinical CVD but
not mortality. Additional studies are needed to confirm
our findings in other ESRD populations and to better
understand the clinical significance of these associa-
tions with subclinical CVD.
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