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IMPORTANCE Coronavirus disease 2019 (COVID-19) confers significant risk of acute kidney
injury (AKI). Patients with COVID-19 with AKI have highmortality rates.

OBJECTIVE Individuals with African ancestry with 2 copies of apolipoprotein L1 (APOL1)
variants G1 or G2 (high-risk group) have significantly increased rates of kidney disease. We
tested the hypothesis that the APOL1 high-risk group is associated with a higher-risk of
COVID-19–associated AKI and death.

DESIGN, SETTING, AND PARTICIPANTS This retrospective cohort study included 990
participants with African ancestry enrolled in theMillion Veteran Programwhowere
hospitalized with COVID-19 betweenMarch 2020 and January 2021 with available genetic
information.

EXPOSURES The primary exposure was having 2 APOL1 risk variants (RV) (APOL1 high-risk
group), compared with having 1 or 0 risk variants (APOL1 low-risk group).

MAIN OUTCOMES ANDMEASURES The primary outcomewas AKI. The secondary outcomes
were stages of AKI severity and death. Multivariable logistic regression analyses adjusted for
preexisting comorbidities, medications, and inpatient AKI risk factors; 10 principal
components of ancestry were performed to study these associations. We performed a
subgroup analysis in individuals with normal kidney function prior to hospitalization
(estimated glomerular filtration rate �60mL/min/1.73 m2).

RESULTS Of the 990 participants with African ancestry, 905 (91.4%) weremale with a median
(IQR) age of 68 (60-73) years. Overall, 392 (39.6%) patients developed AKI, 141 (14%)
developed stages 2 or 3 AKI, 28 (3%) required dialysis, and 122 (12.3%) died. One hundred
twenty-five (12.6%) of the participants were in the APOL1 high-risk group. Patients
categorized as APOL1 high-risk group had significantly higher odds of AKI (adjusted odds ratio
[OR], 1.95; 95% CI, 1.27-3.02; P = .002), higher AKI severity stages (OR, 2.03; 95% CI,
1.37-2.99; P < .001), and death (OR, 2.15; 95% CI, 1.22-3.72; P = .007). The association with
AKI persisted in the subgroup with normal kidney function (OR, 1.93; 95% CI, 1.15-3.26;
P = .01). Data analysis was conducted between February 2021 and April 2021.

CONCLUSIONS AND RELEVANCE In this cohort study of veterans with African ancestry
hospitalized with COVID-19 infection, APOL1 kidney risk variants were associated with higher
odds of AKI, AKI severity, and death, even among individuals with prior normal kidney
function.
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A recent studyofUSveteranshospitalizedwithCOVID-19
showed that acute kidney injury (AKI)wasmore com-
mon in non-Hispanic Black veterans compared with

non-Hispanic White veterans.1 Importantly, AKI in non-
Hispanic Black veteranswas also associatedwith ahigher risk
of death.1 Studies suggest that African ancestry-specific kid-
ney risk genetic variants may play a role in the risk of AKI in
patients infected with COVID-19.2,3

Clinically relevant risk variants in the gene encoding for
apolipoproteinL1 (APOL1) arecommonin individualswithAfri-
canancestry in theUS,whereapproximately45%carryat least
1 high-risk variant (RV) and 12% to 13% carry 2 RVs.4-9 The 2
RVs, termedG1andG2,arecommonin individualsofWestAfri-
can descent owing to positive genetic selection. Individuals
with at least 1 RV are resistant to lethal Trypanosoma brucei
infections.9-12However,having2RVs isassociatedwithchronic
kidneydisease (CKD). TheAPOL1RVspartially explain thedis-
paritiesobserved in the riskofend-stagekidneydisease (ESKD)
among individuals with African ancestry.13-15 In addition,
APOL1 RVs are associated with several forms of nondiabetic
kidneydisease.16WhetherAPOL1RVs are associatedwithAKI
in general has not been established.17-19

ThepathophysiologyofAKI in individualswithCOVID-19
ispoorlyunderstoodand likelymultifactorial,particularlywith
respect to patients with APOL1 risk variants. Expression of
APOL1 in kidney cells is upregulatedby inflammation,3,10,20,21

which has been observed in several forms of kidney disease,
including focal segmental glomerulosclerosis (FSGS),nowwell
described in theCOVID-19 literature.22-25However, it appears
thatmost cases are owing to acute tubular injury during criti-
cal illness,where the exaggerated inflammatory response and
robust immune activation may be a second hit.3,20,26,27

In this study, we leveraged a national cohort of US veter-
ans hospitalizedwithCOVID-19with genetic information and
with African ancestry through the VA Million Veteran Pro-
gram (MVP)28 to evaluate the association of APOL1 high-risk
group (2 RVs) in African ancestry participants with AKI. Be-
cause AKI is a strong predictor of mortality in patients with
COVID-19,1 our secondary goal was to evaluate the associa-
tion of APOL1 genotypes with the risk of death.

Methods
Study Population and Design
We identified 5046 MVP participants hospitalized with
COVID-19 between March 11, 2020 and January 11, 2021. Of
these, 4226 had genetic information. APOL1 RVs, our expo-
sure of interest (individualswith 2RVswere consideredhigh-
risk group), are found in individuals of recent West African
ancestry.29,30 Consistent with this knowledge, we examined
but found no participants without African ancestry who car-
ried a high-riskAPOL1 genotype. Hence, the cohort consisted
of (1) MVP participants hospitalized with COVID-19, (2) those
with genetic information available, and (3) those with Afri-
can ancestry.28After applying other exclusion criteria needed
forAKIassessmentas specified,our studysample sizewas990
individuals (Figure 1).

Data were obtained from the VA Corporate Data Ware-
house (CDW), the MVP Study Mart, the Observational Medi-
calOutcomesPartnershipversion5, and theCOVIDShareData
Resources.31-33 COVID-19 was diagnosed based on a positive
polymerase chain reaction test result for SARS-CoV-2 from a
nasopharyngeal specimen between March 1, 2020 and Janu-
ary 11, 2021 (eFigure 1 in Supplement 1). Participants entered
the cohort if theyhadpositive SARS-CoV-2 testing results and
werehospitalized 14daysprioror 14daysafter thepositive test
result. The distribution of the date of admission with regard
to test positivity are presented in eFigure 2 in Supplement 1.
Overall, 934 (95%)of the individuals hadapositive testwithin
the first 3daysofhospitalizationorprior to theadmissiondate.
TheMVP received approval by theVACentral institutional re-
view board (IRB), the IRB of each site, and theMVPCOVID-19
Scientific SteeringCommittee.Written informed consentwas
obtained from all participants. Data analysis was conducted

Figure 1. Flowchart for Patient Eligibility

5046 Million Veteran Program participants 
hospitalized with COVID-19 polymerase 
chain reaction–positive test 14 d prior 
to admission and up to 14 d after 
admission between March 11, 2020, 
and January 11, 2021

4226 Participants with genetic information

2976 Excluded because they were 
not of African ancestry

2976 Participants with African ancestry

260 Excluded
160 Had prior end-stage kidney 

disease
13 Missing inpatient serum 

creatinine measurement
87 Missing baseline serum

creatinine measurement

990 Participants included in analyses

Key Points
Question Are APOL1 high-risk genotypes observed in individuals
with African ancestry associated with acute kidney injury (AKI) and
death following hospitalization for COVID-19?

Findings In this cohort of 990 veterans with African ancestry
hospitalized with COVID-19, 1 in 8 had APOL1 high-risk genotypes.
Of those with high-risk genotypes, 51.2% had AKI, and 19.2% died,
suggesting that high-risk genotypemay be associated with a 2-fold
increase in the odds of severe AKI and death; this increased risk
was observed even in patients with normal kidney function prior
to COVID-19.

Meaning APOL1 high-risk genotypes were associated with
increased odds of AKI, AKI severity, and death in individuals with
African ancestry hospitalized with COVID-19.
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between February 2021 and April 2021. This study was per-
formed in accordance with the Strengthening the Reporting
of Observational Studies in Epidemiology (STROBE) State-
ment guidelines for observational research.34

Cohort Exclusion Criteria
Participants were excluded if they had a preadmission his-
tory of ESKD, defined as previous dialysis or kidney trans-
plant and those with a baseline estimated glomerular filtra-
tion rate (eGFR) lower than 15 mL/min/1.73 m2 (n = 160)
(eTable 1 in Supplement 1) or did not have serum creatinine
levels measured during hospitalization (n = 13). We also ex-
cluded patientswith no baseline outpatient serum creatinine
level measurement used to characterize AKI, defined as the
meanoutpatient creatinine levelswithin the7 to365daysprior
to hospitalization (n = 87)35 (Figure 1). ParticipantAKI assess-
mentwas restricted to the first qualifyinghospitalizationdur-
ing the study period.

Outcomes and Follow-up
The primary outcomewasAKI, defined using amodifiedKid-
ney Disease Improving Global Outcomes (KDIGO) creatinine-
based criterion as a 0.3 mg/dL or 50% increase in serum cre-
atinine levels from baseline using the peak serum creatinine
during hospitalization (eTable 2 in Supplement 1).36

Our secondary outcomes included amodifiedKDIGOAKI
severity stages result (stage 1, 0.3mg/dLor 50% increase from
baseline; stage 2, 100% increase from baseline; and stage 3,
200% increase from baseline or acute kidney replacement
therapy [KRT]) or death. In this study, KRT was identified by
diagnostic and procedural codes37 (eTable 3 in Supple-
ment 1). Dates of deathwere obtained from theVAvital status
files of the CDW.38,39

Becauseourgoalwas tocaptureAKIevents thatwereproxi-
mally related to COVID-19 infection, participants were fol-
loweduntil discharge or up to 30days because lateAKI occur-
ring after 30 days may be more likely owing to hospital
complications. For the death outcome, participants were fol-
lowed for up to 30days after admission, consistentwith other
VA studies.39-41

Exploratory analysis included dipstick proteinuria and
hematuria measurements at baseline and on admission,42

mechanical ventilation, and vasopressors.

APOL1Genotype Exposure
APOL1RVsG1 (rs73885319p.S342G; rs60910145p.I384M) and
G2 (rs71785313, a 6-base pair deletion that removes amino ac-
ids N388 and Y389) were directly genotyped on the Affyme-
trixAxiomBiobankArrayonDNAextractedfromwholeblood.4

Participants were defined as 2 RV carriers if theywere homo-
zygotes for G1/G1, homozygotes for G2/G2, or compound het-
erozygotes for G1/G2. The genotyping was completed by the
MVPGenomicCore.43TheG1andG2genotypeswere inHardy-
Weinberg equilibrium.

Subgroup Analysis
A subgroup analysis was planned for all outcomes, restricted
to the population with baseline eGFR levels of 60 mL/min/

1.73 m2 or higher, to evaluate if the effect of APOL1 high-risk
genotypes in the risk of AKI in the context of COVID-19 was
independent of CKD.

Covariates
Characteristics reported include demographics, comorbidi-
ties,hospitalizationcharacteristics, laboratory tests, andmedi-
cations.Determinationofancestrywasbasedonaunifiedclas-
sification algorithm developed by MVP.44 This algorithm
integrates genetically inferred ancestry based on the top 30
principal components of ancestry (PCs) with self-identified
race/ethnicity (SIRE). The HARE (Harmonizing Genetic An-
cestry and Self-identified Race/Ethnicity) algorithm classi-
fies an MVP participant as “African” if their genetic ancestry
is consistent with “African ancestry” and it informs ancestry
in thosewithmissing SIRE information.44 InMVPAfrican an-
cestry assignment is population level and is derived frompro-
jecting the genetic PCs of MVP to those in the 1000 Genomes
Project reference panel.43

Baseline comorbidities were obtained up to 730 days be-
fore the SARS-CoV-2 positive test. In-hospital risk factors for
AKIwerecollectedduring thehospitalizationprior topeakAKI.
Drug exposures associated with high-risk of AKI were docu-
mented if they were administered prior to the peak creati-
nine using the bar-codedmedication administration (BCMA)
in the inpatient setting. Outpatient ACE inhibitors or ARB ex-
posurewas defined as a prescription fill within 180days prior
to admission by assessing outpatient VA pharmacy files. Di-
agnoseswere definedusing the International Classification of
Diseases, Ninth Revision, Tenth Revision (ICD-9, ICD-10) pro-
cedures codes ICD-9/ICD-10 and Current Procedural Termi-
nology (CPT) codes (eTable 3 in Supplement 1). Levels of eGFR
were calculatedusing theChronicKidneyDiseaseEpidemiol-
ogy Collaboration (CKD-EPI) equation.45

Statistical Analyses
The primary exposure variable was APOL1 variable high-risk
groupdefinedby thepresence of 2RVs (recessivemodel of in-
heritance). Logistic regressionmodelswere used to study the
association of the exposure and the outcomes of interest. We
also used a partial proportional odds (PPO) regression model
to study the association of the APOL1 high-risk group and in-
creasing severity stages of AKI.46 Nested multivariable mod-
els included (a) model 1, minimally adjusted (demographics,
baseline eGFR and 10 PCs of ancestry) and (b) model 2, fully
adjusted,alsoadjustedforpreexistingcomorbidconditionsand
inpatient risk factors.All logistic regressionmodelspassed the
Goodness of fit test by the Hosmer-Lemeshow test (eTable 4
in Supplement 1).Whenconductingproportional odds regres-
sion analyses, proportional odds were assumed for all vari-
ables except for baseline eGFR, diastolic blood pressure, and
remdesivir, as suggested by the Brant test and addressed by
thePPOmodel46,47 (eTable5 inSupplement 1).Nonlinear terms
andseculareffectswere tested (eTable6andeTable7 inSupple-
ment 1). A subgroup analysiswas done restricting the analyti-
cal file to individuals with a baseline eGFR level of 60 mL/
min/1.73 m2 or higher. Sensitivity analyses restricted the
outcome to AKI stages 2 and 3 (eTable 8 in Supplement 1).
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Exploratoryanalysis includedothermodelsof inheritance (cod-
ominant and dominant) (eTable 9 in Supplement 1) and dip-
stick proteinuria and hematuria. All statistical tests were
2-sided,where aP = .05 or a 95%CI that didnot containunity
were considered statistically significant for the primary out-
come. All analyses were conducted using R statistical soft-
ware (version 3.6.1.; R Foundation, Inc).

Results
Baseline and Clinical Characteristics for the Participants
Westudied990veteransenrolled in theMVPhospitalizedwith
COVID-19 infection between March 2020 and January 2021,
genotyped for APOL1 risk variants, who were of African an-
cestry and satisfied cohort entry criteria for AKI assessment
(Figure 1). Baseline cohort characteristics byAPOL1 genotype
risk-group were summarized (Table 1). Clinical characteris-
tics were similar across the different APOL1 risk groups, in-
cluding baseline eGFR levels and the proportion of individu-
alswith eGFR levels lower than 60mL/min/1.73m2, diabetes,
and hypertension.

Demographics andparticipant characteristics overall and
byAKI statuswere summarized (Table 2). Overall, 905 (91.4%)
were men, median (IQR) age was 68 (60-73) years, 701 (71%)
hadaGFR level of60mL/min/1.73m2orhigher,with493 (51%)
of the participants hospitalized September 2020 or later
(Table 2; eFigure 1 in Supplement 1).

The incidence of AKI was 392 (39.6%). Overall, AKI rates
permonth among study participants varied and are shown in
eFigure 3 in Supplement 1. Of 392 individuals with AKI, 251
(25%)had stage 1, 59 (6%) stage 2, and82 (8%) stage 3, includ-
ing 28 (3%) who received dialysis due to AKI. Comparedwith
individualswithoutAKI, individualswithAKIwereolder, and
more likely to have eGFR levels lower than 60 mL/min, dia-
betes and hypertension, and positive baseline dipstick pro-
teinuria.

Mechanical ventilationandvasopressorswere requiredby
141 and 98 individuals, respectively. One-hundred twenty-
two individuals died. Individuals with AKI were more likely
than individuals without AKI to require mechanical ventila-
tion (29%vs5%,P < .001), vasopressors (22%vs2%,P < .001),
and to die (26% vs 3%, P < .001) (Table 2).

APOL1Genotype
One-hundred twenty-five study participants (12.6%) carried
2 APOL1 risk alleles, consistent with frequencies reported in
other studies of individualswithAfrican ancestry in theUS.4-7

However, 64 of 392 (16.3%) with AKI had 2 APOL1 RVs com-
paredwith 61 of 598 (10.2%)without AKI (P = .005). Further-
more,weobservedadose relationshipwithmore severe forms
ofAKI,with stages2andstage3having22.0%and20.7%high-
risk genotypes, respectively, with only 13.5%with stage 1 AKI
having the high-risk genotype (eFigure 4 in Supplement 1).

The APOL1 high-risk genotype doubled the risk of severe
stages 2 and3AKI,with incidences of stages 2 and3AKI in the
APOL1 high-risk group of 7 (13.6%) and 13 (10.4%), respec-
tively, comparedwith65 (7.5%)and46(5.3%) in theAPOL1 low-

risk group. For stage 1, the incidencewas 27.2% for theAPOL1
high-riskvs25.1%forAPOL1 low-riskgroup (Figure2) (Table 1).

Association ofAPOL1With Incident AKI and AKI Severity
In the minimally adjusted model (model 1), individuals with
theAPOL1high-risk grouphad significantly increasedodds of
incidentAKI (odds ratio [OR], 1.80;95%CI, 1.21-2.69;P = .004).
This associationwas alsoobserved in the fully adjustedmodel
(model 2) that included outpatient comorbidities and inpa-
tient risk factors for incident AKI (OR, 1.95; 95%CI, 1.27-3.02;
P = .002) (Table 3). For the association with AKI severity, we
observed an increase of 88% in theoddsofmore severe stages
of AKI (OR, 1.88; 95% CI, 1.30-2.71; P = .001) in model 1. The
association was also observed in model 2 (OR, 2.03; 95% CI,
1.37-2.99; P < .001) (Table 3).

Association ofAPOL1With AKI and AKI Severity
in the Subgroup of IndividualsWith Normal
Baseline Kidney Function
Among individuals with baseline eGFR levels of 60 mL/min/
1.73 m2 or higher (n = 701), participants in the APOL1 high-
riskgrouphadsignificantly increasedoddsofexperiencingAKI
in both model 1 (OR, 1.88; 95% CI, 1.18-2.99; P = .008) and in
model 2 (OR, 1.93; 95% CI, 1.15-3.26; P = .01) (Table 3). There
was also an increase in the odds of more severe stages of AKI
inmodel 1 (OR, 1.98; 95%CI, 1.28-3.06;P = .002) and inmodel
2 (OR, 2.11; 95% CI, 1.31-3.39; P = .002) (Table 3).

Sensitivity Analysis
In the sensitivity analysis restricting theoutcometoAKI stages
2 and 3, a 2-fold increase in the odds of AKI stages 2 and 3 in
theAPOL1high-risk groupwas alsonoted, consistentwith the
primary analyses, both for the entire cohort and the sub-
group with normal eGFR levels (eTable 8 in Supplement 1).

Association ofAPOL1 Risk VariantsWith Death, Mechanical
Ventilation, and the Use of Vasopressors
Therewere 122 (12.3%)deathsoverall; 24 (19.2%) in theAPOL1
high-risk and 98 (11.3%) in the APOL1 low-risk group. The
APOL1 high-risk group was associated with a 1.92 fold in-
crease in the odds of death in model 1 (OR, 1.92; 95% CI, 1.13-
3.17; P = .01) and in model 2 (OR, 2.15; 95% CI, 1.22-3.72;
P = .007) (Table3).Thisassociationwasalsopresent in thesub-
groupwith normal eGFR levels, inmodel 1 (OR, 2.54; 95%CI,
1.32-4.72; P = .004) andmodel 2 (OR, 2.51; 95% CI, 1.21-5.05;
P = .01). Overall, 102 (84%) individuals who died experi-
enced AKI.

APOL1 high-risk genotype was not associated with me-
chanical ventilation (OR, 1.51; 95% CI, 0.86-2.55; P = .10) or a
vasopressor requirement (OR, 1.61; 95%CI, 0.85-2.89;P = .10)
in the fully adjusted models.

Exploratory Analyses
Association ofAPOL1 Risk VariantsWith Proteinuria and Hematuria
Urine dipstick proteinuria data were available in 614 partici-
pants at baseline. Therewasnoassociation in theAPOL1high-
risk group with outpatient baseline proteinuria in those with
availablemeasurements (OR, 1.12; 95%CI,0.68-1.80;P = .60).
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Table 1. Participants Clinical Characteristics According toAPOL1Genotype Risk Group

Characteristic No.

APOL1, No. (%)

SMDa
Low-risk group
(1 or 0 risk variants)

High-risk group
(2 risk variants)

No. 865 125

Baseline characteristics (outpatient)

Sex 0.13

Female 990 70 (8.0) 15 (12.0)

Male 990 795 (91.9) 110 (88.0)

Age, median (IQR), y 990 68.0 (60.0-73.0) 68.0 (62.0-73.0) 0.05

Baseline

eGFR, median (IQR), mL/min/1.73 m2b 990 72.4 (56.5-88.3) 70.9 (59.7-86.3) 0.02

eGFR <60 mL/min/1.73 m2 990 256 (29.6) 33 (26.4) 0.07

Creatinine, median (IQR), mg/dL 990 1.19 (1.00-1.43) 1.18 (1.00-1.40) 0.001

BMI 988 30.0 (25.6-34.8) 28.7 (25.1-34.2) 0.17

Diabetes mellitus type 2 988 519 (60.1) 73 (58.9) 0.02

Hypertension 988 736 (85.2) 104 (83.9) 0.04

Cardiovascular disease 988 239 (27.7) 42 (33.9) 0.14

Congestive heart failure 988 165 (19.1) 22 (17.7) 0.04

COPD 988 236 (27.3) 39 (31.5) 0.09

Liver disease 988 90 (10.4) 16 (12.9) 0.08

Human immunodeficiency virus 990 4.3 (5) 2 (0.2) 0.19

Outpatient dipstick proteinuria
during the year prior

614 0.06

Negative or trace 341 (63.9) 49 (61.3)

1+ 96 (18.0) 15 (18.8)

≥2+ 97 (18.2) 16 (20.0)

Outpatient prescriptions

RAAS inhibition the 180 d prior Inpatient
characteristicsto hospitalization

990 440 (50.9) 65 (52.0) 0.02

Admission values, median (IQR)

Serum albumin, g/dL 821 3.60 (3.20-4.00) 3.60 (3.20-3.90) 0.15

Serum creatinine, mg/dL 922 1.30 (1.05-1.77) 1.30 (0.98-1.80) 0.03

BP, mmHg

Systolic 976 132 (117-148) 133 (119-148) 0.02

Diastolic 974 78.0 (69.0-87.0) 78.0 (70.0-88.0) 0.10

Hemoglobin, g/dL 853 13.2 (11.8-14.4) 13.3 (12.0-14.5) 0.11

Lymphocyte count, cells/mm3 835 5.65 (1.10-18.2) 2.71 (0.90-17.9) 0.02

C reactive protein, g/L 347 12.6 (5.40-68.5) 20.6 (9.77-76.5) 0.06

Ferritin, ng/mL 392 435 (226-833) 454 (203-804) 0.07

Admission dipstick proteinuria 357 0.4

Negative or trace 94 (31.2) 13 (23.2)

1+ 79 (26.2) 8 (14.3)

≥2+ 128 (42.5) 35 (62.5)

Hospitalization characteristics

Acute kidney injury 990 328 (37.9) 64 (51.2) 0.3

AKI severity stages 990 0.3

0 537 (62.1) 61 (48.8)

1 217 (25.1) 34 (27.2)

2 46 (5.3) 13 (10.4)

3 65 (7.5) 17 (13.6)

Length of stay 990 6 (3-13) 7 (3-13) 0.05

Vasopressors 990 81 (9.4) 17 (13.5) 0.13

Mechanical ventilation 990 119 (13.7) 22 (17.5) 0.11

Death 990 98 (11.3) 24 (19.2) 0.22

Abbreviations: AKI, acute kidney
injury; APOL1, apolipoprotein L1;
BMI, bodymass index (calculated as
weight in kilograms divided by height
in meters squared); eGFR estimated
glomerular filtration rate;
RAAS inhibition, renin
angiotensin-aldosterone inhibition
(angiotensin-converting enzyme
inhibitors or angiotensin receptor
blockers); SMD, standardmean
difference.
a SMDs are the absolute difference in
means or percentage divided by an
evenly weighted pooled standard
deviation, or the difference
between groups in number of
standard deviations.

bBaseline eGFR is themean
outpatient baseline eGFR level −7
days to −365 days prior to the
admission date.
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Table 2. Participants Clinical Characteristics According to Acute Kidney Injury (AKI) Status

Characteristic No.
No. (%)

SMDNo AKI (n = 598) AKI (n = 392)
Baseline characteristics (outpatient)

Sex .23
Female 990 66 (11.0) 19.0 (5.0)
Male 990 532 (89.0) 373.0 (95.2)

Age, median (IQR), y 990 66.0 (59.0-73.0) 69.0 (63.0-74.0) .25
Baseline eGFR, median (IQR), mL/min/1.73 m2 990 77.0 (62.4-92.7) 65.6 (48.8-80.8) .52
eGFR <60 mL/min/1.73 m2 990 132 (22.1) 157 (40.1) .40
Body mass index, median (IQR) 988 29.8 (25.6-34.2) 29.9 (25.6-35.5) .06

Comorbidities
Diabetes mellitus type 2 988 328 (54.9) 264 (67.5) .26
Hypertension 988 489 (81.9) 351 (89.8) .23
Cardiovascular disease 988 157 (26.3) 124 (31.7) .12
Congestive heart failure 988 104 (17.4) 83 (21.2) .10
COPD 988 158 (26.5) 117 (29.9) .08
Cancer 990 107(18.0) 65(17.0) .04
Human immunodeficiency virus 990 32 (5.0) 13 (3.0) .10

Dipstick proteinuria, year prior 614 .41
Negative or trace 261 (70.4) 129 (53.1)
1+ 63 (17.0) 48 (19.8)
≥2+ 47 (12.7) 66 (27.2)

Dipstick hematuria, year prior 608 .10
Negative or trace 273 (74.2) 187 (77.9)
1+ 65 (17.7) 34(14.1)
≥2+ 30 (8.1) 19 (7.9)

Outpatient prescriptions
RAAS inhibition 990 269 (45.0) 236 (60.2) .31

Inpatient characteristics
Admission values, median (IQR)

Serum creatinine, median (IQR), mg/dL 922 1.1 (0.9-1.3) 1.8 (1.4-2.6) .99
Blood pressure, median (IQR), mm Hg

Systolic 976 134.0 (121.0-150.0) 128.0 (111.0-144.0) .35
Diastolic 974 80.0 (72.0-89.0) 74.0 (66.0-85.0) .39

Hemoglobin, median (IQR), g/dL 853 13.1 (12.0-14.3) 13.3 (11.7-14.7) .04
Lymphocyte count, median (IQR), cells/mm3 835 5.40 (1.20-19.8) 5.95 (0.9-16.7) .02
C reactive protein, median (IQR), g/L 347 11.4 (3.9-64.7) 18.4 (7.8-77.8) .15
D Dimer, median (IQR), μg/mL FEU 444 2.4 (0.9-346.0) 2.3 (0.9-284.0) .03

Dipstick proteinuria on admission 357 .47
Negative or trace 74 (38.9) 33 (19.8)
1+ 47 (24.7) 40 (24.0)
≥2+ 69 (36.3) 94 (56.3)

Dipstick hematuria on admission 351 .44
Negative or trace 117 62.9) 72 (43.6)
1+ 47 (25.3) 50 (30.3)
≥2+ 22 (11.8) 43 (26.1)

Inpatient medicationsa

RAAS inhibitors 990 136 (22.7) 57 (14.5) .21
NSAIDs 990 49 (8.2) 28 (7.1) .04
Vancomycin 990 4 (0.7) 15 (3.8) .21
Remdesivir 990 182 (30.4) 172 (43.9) .28
Dexamethasone, prior to peak creatinine 990 131 (21.6) 126 (32.1) .23
Steroids, anytime during hospitalization 990 260 (43.5) 237 (60.5) .35
Tocilizumab 990 6 (1.0) 24 (5.0) .22
Cefazolin 990 47 (8.0) 46 (12.4) .19
Beta-lactams 990 8 (1.3) 7 (1.9) .12

Inpatient characteristics
Length of stay, median (IQR), d 990 5 (2.0-10.0) 10 (5.0-17.0) .26
Mechanical ventilation 990 29 (4.9) 112 (28.6) .67
Vasopressors 990 10 (1.7) 88 (22.0) .67
Death 990 20 (3.3) 102 (26.0) .68

Abbreviations: COPD, chronic
obstructive pulmonary disease;
eGFR, estimated glomerular filtration
rate; RAAS inhibition, renin
angiotensin-aldosterone inhibition
(angiotensin-converting enzyme
inhibitors or angiotensin receptor
blockers): SMD, standardmean
difference.
a Unless otherwise specified, baseline
eGFR level is the mean baseline
eGFR −7 days to −365 days prior to
the admission date.
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Dipstickproteinuria datawere available in 357participants on
admission. Ninety-six of 357 (27%) had new-onset protein-
uria and 24 people had worsening dipstick proteinuria re-
sults. TheAPOL1high-risk groupwas associatedwithprotein-
uria of 1+ or more on admission (n = 357) (OR, 2.20; 95% CI,
1.21-4.10; P = .01). There was no association of APOL1 high-
risk group and hematuria defined as 1+ or more at baseline
(n = 608) (OR, 0.95; 95% CI, 0.53-1.64; P = .90) or on admis-
sion (n = 351) (OR, 1.32; 95% CI, 0.74-2.31; P = .30).

OtherModels of Inheritance
Othermodels ofAPOL1 inheritancewereperformedalso as ex-
ploratory analyses.Weobserved significant associationswith
2 RVs and AKI, AKI severity, and death in the codominant
model, consistent with the recessive model. No associations
were observed with a single RV (eTable 9 in Supplement 1).

Discussion
We report a robust association between individuals in the
APOL1 high-risk group and AKI development and severity
among participants with African ancestry hospitalized with
COVID-19.Halfof theparticipantswith2APOL1high-riskgroup
variants developed AKI and 24 (19%) died. Because 1 in 8 in-
dividualswithAfricanancestryhave2APOL1kidney riskvari-
ants, this inherited genetic differencemay in part explain the
excess riskofAKIdescribed inpreviousstudies inveteranswith
African ancestry hospitalized owing to COVID-19.1 This in-
creased risk ofAKIwas present even among individualswith-
out preexistingCKDand followeda recessivemodel of inheri-
tance, consistent with other kidney phenotypes.9,11,48 These
associationswere further accentuatedamong individualswith
increasing AKI severity.

This study also identified an association of APOL1 high-
risk group and death in participants of African ancestry hos-
pitalized with COVID-19. Study participants baseline charac-
teristics were similar between the APOL1 high-risk and low-
riskgroups.Recent studies report anassociationofAPOL1with
endothelial celldefects, sepsis severity,andCOVID-19severity.3

Larger studies may further inform the association of APOL1
with death in the context of COVID-19.

In thegeneralpopulation, theassociationofAPOL1andAKI
andAPOL1 and death has been controversial.18,19,49,50 Poten-
tial explanations for thedifferent findings includevariation in
the populations studied, outcome ascertainment, or the po-
tential effects of a secondhit in a given study setting.27 For ex-
ample, not all individual carriers of 2 RVswill develop kidney
disease and a second hit, including environmental or genetic
modifiers, have been considered as playing a role.27,29 In the
case of COVID-19, the heightened inflammatory response has
beenhypothesized tobea secondhit. Similarhypotheseshave
beenmade in the contexts ofuncontrolledHIVwhere thehigh
levelsof interferonareassociatedwith thedevelopmentofHIV-
associated nephropathy and the risk of ESRD,51 or that ob-
served with the therapeutic administration of interferon
(IFNs).21

The pathophysiological mechanisms of APOL1 RVs
remain incompletely characterized. Several studies have
shown that APOL1 RVs represent gain of function variants
with cytotoxic effects.52,53 When exposed to inflammatory
triggers, podocytes and other specific cells overexpress
APOL1, which compromises mitochondrial respiration,
lysosome integrity, and autophagic flux resulting in cell
death.54-57 Animal studies suggest that APOL1 variants
impair mitophagy in endothelial cells, allowing the release
of mitochondrial DNA that activates inflammasome.3 A sec-
ond hit could also involve other genetic modifiers that can
diminish cytotoxicity.48 The potential role of inflammation
in the pathogenesis of AKI in the context of high-risk APOL1
and its relative contributions to different subtypes of AKI
warrants further study.

The strengths of our study include the use of a large na-
tional data set with genetic data on participants with African
ancestry and carefully curated creatinine-baseddefinitionsof
AKI andKRT. The use of longitudinal phenotype data prior to
COVID-19 infection enabled rigorous adjustment for baseline
conditions and inpatient exposures that might influence the
risk of AKI and severe COVID-19. Our estimates were robust
and consistent across nested multivariable models, sub-
group and sensitivity analyses that included known comor-
bidities associatedwithworseoutcomes inCOVID-19andAKI.
Further, these results were consistent among individuals
without known CKD.

Limitations
Limitations of this study include reduced generalizability to
women, the lack of quantitative proteinuria measurements,
whichprecludeda subgroupanalysis byproteinuria, or thede-
tection of severe forms of nephrotic syndrome. The study
lacked histologic data, with only 1 patient having a kidney bi-
opsy during a COVID-19 hospitalization. Socioeconomic sta-
tus (SES) indicators were not available, and some covariates
were definedusing diagnosis andprocedure codes. However,
covariate ascertaiment should not be differential by geno-
type.Another limitationofour study is thatwecouldnot iden-
tify a comparable replication cohort,whichmost likelywill be
available in the near future. Finally, our limited follow-up
period reduced the ability to examine longer-term conse-
quences of COVID-19–associated AKI.

Figure 2. Incidence of Acute Kidney Injury (AKI) and AKI Stages
byAPOL1 Risk Group
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Conclusions

In this cohort of participants with African ancestry hospital-
izedwithCOVID-19 infection,APOL1RVswereassociatedwith
an increased risk of AKI, severe AKI, and death, independent

of CKD.Our findings suggest that genetic risk assessment can
inform COVID-19 kidney risk prognostication in individuals
with African ancestry. Because APOL1 RVs are highly preva-
lent in the population with African ancestry, studies evaluat-
ing the role of existing and novel therapies are needed to
reduce poor outcomes in this population.
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Table 3. Association ofAPOL1High-Risk Group, AKI, AKI Stages, and Death in VeteransWith African Ancestry HospitalizedWith COVID-19a

Variable No.

Primary outcome,
acute kidney injury

Secondary outcomes

AKI severity stages Death

Odds ratio (95% CI) P value Odds ratio (95% CI) P value Odds ratio (95% CI) P value
All patients

Minimally adjusted

2 Copies of APOL1 RVs 125 1.80 (1.21-2.69)
.004

1.88 (1.30-2.71)
.001

1.92 (1.13-3.17)
.01

1 Or 0 copies of RVs 865 1 [Reference] 1 [Reference] 1 [Reference]

Fully adjusted model

2 Copies of APOL1 RVs 121 1.95 (1.27-3.02)
.002

2.03 (1.37-2.99)
<.001

2.15 (1.22– 3.72)
.007

1 Or 0 copies of RVs 812 1 [Reference] 1 [Reference] 1 [Reference]

Subgroup GFR ≥60 mL/min

Minimally adjusted

2 Copies of APOL1 RVs 92 1.88 (1.18-2.99)
.008

1.98 (1.28-3.06)
.002

2.54(1.32-4.72)
.004

1 Or 0 copies of RVs 609 1 [Reference] 1 [Reference] 1 [Reference]

Fully adjusted

2 Copies of APOL1 RVs 88 1.93 (1.15-3.26)
.01

2.11 (1.31-3.39)
.002

2.51(1.21-5.05)
.01

1 Or 0 copies of RVs 569 1 [Reference] 1 [Reference] 1 [Reference]

Abbreviations: AKI, acute kidney injury; APOL1, apolipoprotein L1; BMI, body
mass index (calculated as weight in kilograms divided by height in meters
squared); eGFR, estimated glomerular filtration rate; RV, risk variants.
a A recessive model of inheritance was used for these analyses. Logistic
regression was used to evaluate the association of APOL1 high-risk group and
AKI as a binary outcome. Partial proportional odds logistic regression was used
to evaluate the association of APOL1 high-risk groups and AKI stages (controls,
stage 1, stage 2 and stage 3). Model 1 or minimally adjusted: adjusted for age,

sex, baseline eGFR and 10 PCs of ancestry. Model 2 or fully adjusted = model
1 + BMI, diabetes, hypertension, COPD, CHF, liver disease, smoking, systolic
blood pressure, diastolic blood pressure, ACE inhibitor /ARBs outpatient (180
days prior to admission). Inpatient vancomycin, inpatient NSAID, ACE
inhibitor/ARB inpatient, Remdesivir, dexamethasone (definitions included in
eTable 3 in Supplement 1). All drug administration exposures were accounted
for if they occurred prior to development peak creatinine.
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