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Background

Among patients in the United States with chronic kidney disease, black patients are 
at increased risk for end-stage renal disease, as compared with white patients.

Methods

In two studies, we examined the effects of variants in the gene encoding apolipo-
protein L1 (APOL1) on the progression of chronic kidney disease. In the African 
American Study of Kidney Disease and Hypertension (AASK), we evaluated 693 
black patients with chronic kidney disease attributed to hypertension. In the 
Chronic Renal Insufficiency Cohort (CRIC) study, we evaluated 2955 white patients 
and black patients with chronic kidney disease (46% of whom had diabetes) accord-
ing to whether they had 2 copies of high-risk APOL1 variants (APOL1 high-risk 
group) or 0 or 1 copy (APOL1 low-risk group). In the AASK study, the primary out-
come was a composite of end-stage renal disease or a doubling of the serum cre-
atinine level. In the CRIC study, the primary outcomes were the slope in the esti-
mated glomerular filtration rate (eGFR) and the composite of end-stage renal 
disease or a reduction of 50% in the eGFR from baseline.

Results

In the AASK study, the primary outcome occurred in 58.1% of the patients in the 
APOL1 high-risk group and in 36.6% of those in the APOL1 low-risk group (hazard 
ratio in the high-risk group, 1.88; P<0.001). There was no interaction between APOL1 
status and trial interventions or the presence of baseline proteinuria. In the CRIC 
study, black patients in the APOL1 high-risk group had a more rapid decline in the 
eGFR and a higher risk of the composite renal outcome than did white patients, 
among those with diabetes and those without diabetes (P<0.001 for all comparisons).

Conclusions

Renal risk variants in APOL1 were associated with the higher rates of end-stage re-
nal disease and progression of chronic kidney disease that were observed in black 
patients as compared with white patients, regardless of diabetes status. (Funded by 
the National Institute of Diabetes and Digestive and Kidney Diseases and others.)

The New England Journal of Medicine 
Downloaded from nejm.org at UNIV OF NC/ACQ SRVCS on October 28, 2014. For personal use only. No other uses without permission. 

 Copyright © 2013 Massachusetts Medical Society. All rights reserved. 



T h e  n e w  e ngl a nd  j o u r na l  o f  m e dic i n e

n engl j med 369;23  nejm.org  december 5, 20132184

In the United States, black patients 
have approximately twice the risk of end-
stage renal disease observed among white 

patients, after accounting for differences in so-
cioeconomic and clinical risk factors.1-4 This in-
creased risk occurs despite a similar prevalence 
in earlier stages of chronic kidney disease5-8 in 
the two racial groups, which suggests that kidney 
function declines more rapidly after the onset of 
chronic kidney disease in black patients. How-
ever, there is little direct evidence in support of 
this hypothesis.9-13 The identification of factors 
that mediate differences in the progression of 
chronic kidney disease between black patients 
and white patients, as well as among black pa-
tients, is necessary to reduce the excess burden 
of end-stage renal disease and its complications 
in black patients.

In previous studies, a region on chromosome 
22 containing the genes encoding nonmuscle myo-
sin heavy chain 9 (MYH9) and apolipoprotein L1 
(APOL1) has been implicated in the increased 
risk among black patients of human immunode-
ficiency virus nephropathy,14,15 focal segmental 
glomerulosclerosis,14,15 chronic kidney disease 
attributed to hypertension,16 and end-stage renal 
disease not related to diabetes.14,15,17 Recent data 
suggest that this risk is strongly associated with 
two common variants (G1 and G2) in the last exon 
of APOL116-18 that confer resistance to lethal Try-
panosoma brucei infections. The G1 and G2 vari-
ants are common in populations of recent African 
descent but are very rare or absent in most other 
populations. These variants are believed to ac-
count for much of the disparity in rates of end-
stage renal disease between black patients and 
white patients.19,20 However, evidence linking 
APOL1 to end-stage renal disease associated with 
diabetes is equivocal.21,22

We examined the effects of APOL1 risk vari-
ants on the progression of chronic kidney dis-
ease separately in the African American Study of 
Kidney Disease and Hypertension (AASK) and the 
Chronic Renal Insufficiency Cohort (CRIC) study. 
In AASK, which enrolled black patients with 
chronic kidney disease attributed to hypertension 
who did not have diabetes, we studied the effects 
of APOL1 risk variants on progression and the 
interactive effects of these variants with baseline 
proteinuria and the blood-pressure goal and anti-
hypertensive-drug interventions in the trial. In the 
CRIC study, which enrolled both black patients 

and white patients with chronic kidney disease, 
approximately half of whom had diabetes, we com-
pared disease progression in white patients with 
that in black patients (both those with and those 
without APOL1 high-risk variants), stratified on 
the basis of diabetes status.

Me thods

Study Design and Oversight

In each study, the institutional review board at 
each study center approved the study protocol. 
All patients provided written informed consent. 
The design and methods of both studies have 
been described previously.23-28 The Supplemen-
tary Appendix, available with the full text of this 
article at NEJM.org, provides additional details.

AASK
Study Population
Patients in AASK were self-identified as black and 
had chronic kidney disease attributed to hyper-
tension. The inclusion and exclusion criteria are 
listed in the Supplementary Appendix.

Design and Data Collection
The study had a trial phase that extended from 
1995 through 2001; this phase was followed by a 
cohort phase from 2002 through 2007. Initially, 
1094 patients were randomly assigned to receive 
either intensive blood-pressure control (goal of 
mean arterial pressure, ≤92 mm Hg) or standard 
control (goal of mean arterial pressure, 102 to 
107 mm Hg). Patients were also randomly as-
signed to receive one of three initial therapies: 
ramipril, an angiotensin-converting–enzyme (ACE) 
inhibitor; metoprolol, a sustained-release beta-
blocker; or amlodipine, a dihydropyridine calcium-
channel blocker. In April 2002, patients who had 
not received a diagnosis of end-stage renal dis-
ease were invited to enroll in the cohort study, in 
which they received protocol-driven blood-pressure 
treatment. During the trial phase, 836 patients 
provided written informed consent for collection 
of DNA; 693 had adequate genotyping data and 
were included in this study (Table S1 in the Sup-
plementary Appendix).

Genotyping
Seven single-nucleotide polymorphisms (SNPs) 
in APOL1 and MYH9 (rs73885319, rs60910145, 
rs71785313, rs4821480, rs2032487, rs4821481, 

The New England Journal of Medicine 
Downloaded from nejm.org at UNIV OF NC/ACQ SRVCS on October 28, 2014. For personal use only. No other uses without permission. 

 Copyright © 2013 Massachusetts Medical Society. All rights reserved. 



APOL1 Risk Variants, R ace, and Chronic Kidney Disease

n engl j med 369;23  nejm.org  december 5, 2013 2185

and rs3752462) and 140 ancestry-informative 
markers were typed (see the Supplementary Ap-
pendix).

Outcomes
The primary outcome was a composite renal out-
come, which was defined as a doubling of the 
serum creatinine level (roughly equivalent to a 
reduction of 50% in the glomerular filtration rate 
[GFR]) from baseline or incident end-stage renal 
disease. The serum creatinine level was measured 
twice at baseline and every 6 months thereafter. 
In analyses of the interaction between APOL1 vari-
ants and trial interventions, the composite outcome 
was a reduction of 50% in the GFR (as measured 
by iothalamate clearance) or incident end-stage 
renal disease.

Statistical Analysis
The primary exposure variable was APOL1 risk 
status. The G1 risk allele was defined by the 
presence of rs73885319 (S342G) and rs60910145 
(I384M), which are nearly perfectly correlated, and 
the G2 risk allele by the presence of rs71785313. 
APOL1 risk was defined according to the number 
of copies of the risk alleles (0, 1, or 2 copies). We 
assessed the association between APOL1 and out-
come using Cox proportional-hazards models, 
adjusted for age, sex, percentage of European an-
cestry, and baseline GFR. We present both a co-
dominant genetic model and a recessive genetic 
model for APOL1. After verifying that the risk in 
patients with 1 copy of the risk variants was sim-
ilar to the risk in the reference group with 0 cop-
ies (a finding consistent with that in previous 
studies17,19), we used a recessive genetic model 
and compared patients with 2 copies of the risk 
variants (called the APOL1 high-risk group) with 
all other patients (APOL1 low-risk group). The eval-
uation of interactions between genetic factors 
and trial interventions were limited to the trial 
phase.

CRIC Study
Study Population
From June 2003 through August 2008, a total of 
3288 black patients and white patients with an 
estimated GFR (eGFR) of 20 to 70 ml per minute 
per 1.73 m2 of body-surface area were enrolled in 
the CRIC study. Patients were recruited from pri-
mary care and nephrology practices (see the Sup-
plementary Appendix for inclusion and exclusion 

criteria). Analyses were restricted to 2955 black 
patients and white patients with adequate DNA 
samples and genotyping.

Design and Data Collection
Demographic characteristics, self-reported medi-
cal history, anthropometric measures, and medi-
cation use were ascertained at baseline.25 The se-
rum creatinine level was measured at baseline 
and annually. The GFR was estimated by means 
of an equation developed with the use of the io-
thalamate GFR in a subgroup of 1433 CRIC study 
participants.29 Total proteinuria was measured 
from 24-hour urine collections. Patients were con-
sidered to have diabetes if they had a fasting glu-
cose level of 126 mg per deciliter (7.0 mmol per 
liter) or higher or a nonfasting glucose level of 
200 mg per deciliter (11.1 mmol per liter) or 
higher or if they used insulin or an oral hypogly-
cemic agent.

Genotyping
Ancestry-informative markers were genotyped in 
all patients, and APOL1 G1 and G2 and MYH9 
haplotype-tagging SNPs18,30,31 were genotyped 
only in black patients. For details of the genotyp-
ing, see the Supplementary Appendix.

Outcomes
The primary outcomes were the rate of decline 
in kidney function (slope of the eGFR over time) 
and the composite of end-stage renal disease 
or a decline in the eGFR of at least 50% from 
baseline. We imputed the time until a reduction 
of 50% in the eGFR, assuming a linear decline 
in kidney function between in-person annual 
follow-up visits and the onset of end-stage renal 
disease.

Statistical Analysis
The primary exposure variables were genotype-
derived African or European racial ancestry (black 
or white) and APOL1 risk status among the black 
patients. We used mixed-effects models and Cox 
proportional-hazards models to adjust for covari-
ates and to estimate the associations between 
exposure variables and outcomes. We performed 
four separate analyses: a comparison between all 
white patients and all black patients, a compari-
son between all white patients and all black pa-
tients with APOL1 high-risk variants, a comparison 
between all white patients and black patients with 
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APOL1 low-risk variants, and a comparison be-
tween black patients with APOL1 high-risk vari-
ants and black patients with APOL1 low-risk vari-
ants. In the time-to-event analysis, data were 
censored at the time of death, withdrawal from 
the study, or the last study visit or as of March 31, 
2011 (administrative censoring).

For each outcome, we constructed a set of 
hierarchical models retaining all covariates from 
each previous model. Model 1 is the base model 
with adjustment for age, sex, clinical site, and 
baseline eGFR. Model 2 added socioeconomic 
variables (education level, treatment by a ne-
phrologist, and use of either an ACE inhibitor or 
angiotensin-receptor blocker [as a proxy for 
treatment access]). Model 3 added clinical risk 
factors (systolic blood pressure, body-mass index, 
glycated hemoglobin level, and smoking status). 
Model 4 added total 24-hour urinary protein ex-
cretion. Model 3 was chosen as the primary model 
because proteinuria may mediate the association 
between APOL1 and the progression of chronic 

kidney disease. Thus, the inclusion of proteinuria 
in model 4 might be an overadjustment.

R esult s

AASK
Study Population
Table 1 summarizes the baseline characteristics 
of the 693 patients who were included in the cur-
rent analysis. A total of 160 (23.1%) had 2 copies 
of the APOL1 risk variants; at baseline, these pa-
tients, as compared with the patients in the other 
groups, had the lowest mean GFR (44.0 ml per 
minute per 1.73 m2, P = 0.01) and the highest 
prevalence of proteinuria (48.1%, P<0.001).

Renal Outcomes
Over a median follow-up of 9 years, 77 patients 
(11.1%) died before reaching the composite re-
nal outcome, 204 (29.4%) received a diagnosis 
of end-stage renal disease, and 288 (41.6%) 
reached the composite renal outcome (Table 2). 

Table 1. Baseline Characteristics of the 693 Patients in AASK, According to the Number of APOL1 Variants.*

Characteristic
All Patients 

(N = 693)

No Copies of APOL1  
Risk Variants  

(N = 234)

1 Copy of APOL1  
Risk Variants  

(N = 299)

2 Copies of APOL1  
Risk Variants  

(N = 160)
P Value  

for Trend†

Age — yr 54.1±10.6 55.0±10.0 54.6±10.2 51.7±11.8 0.005

Male sex — % 59.7 65.4 56.9 56.9 0.07

Body-mass index‡ 31.1±6.7 30.1±6.0 31.5±6.8 31.7±7.2 0.02

Glomerular filtration rate —  
ml/min/1.73 m2

47.3±13.5 48.0±13.9 48.6±12.9 44.0±13.6 0.01

Serum creatinine — mg/dl 2.0±0.7 2.0±0.7 1.9±0.6 2.1±0.7 0.03

Median urinary protein-to-
creatinine ratio (IQR)§

74.2 (27.4–307.4) 67.9 (27.1–223.5) 56.5 (25.1–220.1) 203.0 (43.2–723.4) 0.01

Patients with proteinuria — %¶ 30.4 25.2 25.1 48.1 <0.001

Patients with history of heart 
disease — %

50.5 51.7 53.5 43.1 0.14

Mean arterial pressure — mm Hg 114.1±16.4 113.3±16.6 116.2±16.8 111.2±15.0 0.41

Blood pressure — mm Hg

Systolic 150.4±24.3 149.4±25.1 153.5±24.4 146.2±22.0 0.37

Diastolic 95.9±14.6 95.2±14.3 97.6±15.2 93.7±13.7 0.53

European ancestry 
— % of genetic makeup

16.7±13.3 17.9±14.1 16.3±13.5 15.6±11.6 0.08

*	Plus–minus values are means ±SD. To convert the values for creatinine to micromoles per liter, multiply by 88.4. AASK denotes African 
American Study of Kidney Disease and Hypertension, and IQR interquartile range.

†	P values for trend were calculated by means of logistic regression, with the number of APOL1 risk-variant copies as the independent variable.
‡	The body-mass index is the weight in kilograms divided by the square of the height in meters.
§	Urinary protein was measured in milligrams, and creatinine in grams.
¶	Proteinuria was defined as a ratio of urinary protein to creatinine of at least 220, with urinary protein was measured in milligrams and creati-

nine in grams, or 0.22, with both levels measured in grams.
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APOL1 status was not significantly associated 
with death before a diagnosis of end-stage renal 
disease.

Of the 160 patients with 2 copies of the 
APOL1 risk variants, 93 (58.1%) reached the com-
posite renal outcome during follow-up. On the 
basis of the codominant genetic model, patients 
with 2 copies of the APOL1 risk variants were 
about twice as likely to progress to the compos-
ite renal outcome as was the reference group 
(hazard ratio, 2.03; P<0.001), whereas the risk of 
the composite renal outcome in those with 1 copy 
of the risk variants was similar to the risk in the 
reference group (hazard ratio, 1.15; P = 0.34) 
(Table 2 and Fig. 1A). Similar associations were 
observed with only end-stage renal disease as 
the outcome. On the basis of the recessive ge-
netic model, the hazard ratio for the composite 
renal outcome in the APOL1 high-risk group, as 
compared with the low-risk group, was 1.88 
(P<0.001).

Blood-Pressure Control
The effect of APOL1 on the progression of chron-
ic kidney disease was not confounded by levels of 
blood pressure. At baseline, the mean blood 
pressure was 146/94 mm Hg in the APOL1 high-
risk group and 152/97 mm Hg in the APOL1 low-
risk group. Throughout the trial phase, the mean 
blood pressure was the same in the two risk 
groups (135/82 mm Hg). During the cohort phase, 
the mean blood pressures were again similar 
(134/78 mm Hg and 133/78 mm Hg, respectively). 
During the trial, 42.1% of patients in the APOL1 
high-risk group and 43.8% in the APOL1 low-risk 
group were receiving an ACE inhibitor or angio-
tensin-receptor blocker. The corresponding per-
centages during the cohort phase were 86.2% 
and 84.7%.

Proteinuria and Randomized Therapies
Although baseline proteinuria was a major pre-
dictor of disease progression, it did not signifi-
cantly modify the effect of APOL1 on progression 
(P = 0.16 for interaction) (Fig. 1B). In addition, 
there was no significant interaction between 
APOL1 status and the randomized blood-pressure 
goal with respect to the progression of chronic 
kidney disease (P = 0.72 for interaction) (Fig. 1C), 
nor was there a significant interaction between 
APOL1 status and the randomized antihyperten-
sive medication with respect to progression Ta
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Figure 1. Proportion of Patients Free from Progression of Chronic Kidney Disease in AASK.

In the African American Study of Kidney Disease and Hypertension (AASK), the primary outcome was defined as a doubling of the serum 
creatinine level or incident end-stage renal disease (the analyses shown in Panels A and B). In analyses of the interaction between APOL1 
variants and trial interventions, the composite outcome was a reduction of 50% in the glomerular filtration rate (as measured by iothalamate 
clearance) or incident end-stage renal disease (the analyses shown in Panels C and D). Panel A shows the proportion of patients, among 
all 693 patients who were included in the study, who were free from progression of chronic kidney disease, according to the number of 
copies of the high-risk APOL1 variants (0, 1, or 2 copies). In Panels B, C, and D, patients who had 2 copies of high-risk APOL1 variants were 
classified as being in the APOL1 high-risk group; those with 0 or 1 copy were categorized as being in the APOL1 low-risk group. Panel B 
shows the results with stratification of the patients according to the proteinuria status at baseline and APOL1 risk status. Proteinuria was defined 
as a ratio of urinary protein to creatinine of at least 220 (with urinary protein measured in milligrams and creatinine in grams) or 0.22 (with both 
measured in grams). Panel C shows the results with stratification of the patients according to the randomized level of blood-pressure control 
(intensive vs. standard) and APOL1 risk status. Panel D shows the results with stratification of the patients according to whether they were 
assigned to receive an angiotensin-converting–enzyme (ACE) inhibitor or other antihypertensive medication and APOL1 risk status.
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(P = 0.72 for interaction) (Fig. 1D, and Tables S2 
and S3 in the Supplementary Appendix).

MYH9 Analyses
A total of 34 patients had two copies of the high-
risk MYH9 haplotype but no copies of the high-
risk APOL1 haplotype. Of these 34 patients, 10 
reached the composite outcome, resulting in a 
relative hazard of 0.73 as compared with the ref-
erence group of no risk alleles at both MYH9 and 
APOL1 (P = 0.35) (Table S4 in the Supplementary 
Appendix).

CRIC Study
Study Population
Among the 2955 patients for whom adequate ge-
notyping data were available, 48% were black, 
and 45.5% had diabetes (Table 3). There were sig-
nificant differences between black patients and 
white patients with respect to many of the base-
line characteristics, including higher mean blood 
pressure and more severe proteinuria in black 
patients. There were few significant differences 
in baseline characteristics between black patients 
in the APOL1 high-risk group and those in the 
APOL1 low-risk group (Table 3, and Table S5 in 
the Supplementary Appendix). The most notable 
difference was a higher mean rate of 24-hour uri-
nary protein excretion in the APOL1 high-risk 
group than in the APOL1 low-risk group among 
patients without diabetes. (See Table S6 in the 
Supplementary Appendix for the distribution of 
APOL1 risk variants among black patients accord-
ing to diabetes status.)

Change in eGFR and Renal Outcome
Over a mean follow-up of 4.4 years, 676 compos-
ite renal events occurred. Overall, among both 
patients with diabetes and those without diabe-
tes, black patients had a steeper decline in the 
eGFR and a higher rate of the composite renal 
outcome than did white patients (Table 3). 
Among the patients with diabetes, the eGFR 
slope (as measured in milliliters per minute per 
1.73 m2 per year) was −1.5 among white patients, 
−2.7 among black patients in the APOL1 low-risk 
group, and −4.3 among black patients in the 
APOL1 high-risk group. Among the patients with-
out diabetes, the corresponding eGFR slopes 
were −0.7, −1.0, and −2.9.

Similar patterns were observed with respect 

to the composite renal outcome. Among patients 
with diabetes, white patients had the lowest 
event rate, followed by black patients in the 
APOL1 low-risk group and then by black patients 
in the APOL1 high-risk group (5.8, 9.5, and 13.7 
per 100 person-years, respectively); among those 
without diabetes, the event rates were 2.1, 4.4, 
and 7.5 per 100 person-years, respectively. With-
in each stratum (diabetes or no diabetes), death 
rates for black patients were similar to those for 
white patients.

Multivariate Analyses of eGFR Slopes
In the subgroup of patients with diabetes, there 
was a more rapid decline in kidney function, af-
ter adjustment for demographic, socioeconomic, 
and clinical risk factors (model 3), among black 
patients in the APOL1 high-risk group than 
among white patients (mean adjusted difference 
in eGFR slope, −1.32 ml per minute per 1.73 m2 
per year; P<0.001) (Table 4 and Fig. 2A) and than 
among black patients in the APOL1 low-risk 
group (mean adjusted difference in eGFR slope, 
−1.07 ml per minute per 1.73 m2 per year; 
P = 0.005) (Fig. 2A, and Table S7 in the Supple-
mentary Appendix).

These differences were also observed in the 
subgroup of patients without diabetes in model 3, 
with a more rapid decline in eGFR among black 
patients in the APOL1 high-risk group than among 
white patients (mean adjusted difference in eGFR 
slope, −1.05 ml per minute per 1.73 m2 per year; 
P<0.001) (Table 4 and Fig. 2B) and than among 
black patients in the APOL1 low-risk group (mean 
adjusted difference in estimated GFR, −1.21 ml 
per minute per 1.73 m2 per year; P<0.001) (Fig. 
2B, and Table S7 in the Supplementary Appen-
dix). In model 3, there was no significant differ-
ence in the eGFR slope between black patients 
in the APOL1 low-risk group and white patients, 
regardless of diabetes status (Table 4).

Multivariate Analyses of the Composite Renal 
Outcomes
As compared with white patients, black patients 
in both the APOL1 high-risk group and the APOL1 
low-risk group had a higher risk of the composite 
renal outcome regardless of diabetes status (mod-
el 3 in Table 4 and Fig. 2C and 2D). Among pa-
tients with diabetes, the adjusted hazard ratios 
for black patients in the APOL1 high-risk group 
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and those in the APOL1 low-risk group, as com-
pared with white patients, were 1.95 (P<0.001) 
and 1.40 (P = 0.006), respectively. Black patients 
in the APOL1 high-risk group also had a signifi-
cantly higher risk of the composite renal out-
come than did those in the APOL1 low-risk group 
(hazard ratio, 1.46; P = 0.02) (Table S7 in the 
Supplementary Appendix).

Similar associations were observed among 
patients without diabetes, among whom the ad-
justed hazard ratios in the comparison with 
white patients were 2.68 for black patients in the 
APOL1 high-risk group (P<0.001) and 1.57 for 
those in the APOL1 low-risk group (P = 0.01). 
Black patients in the APOL1 high-risk group also 
had a significantly higher risk of the composite 
renal outcome than did those in the APOL1 low-
risk group (hazard ratio, 1.61; P = 0.01) (Table S7 
in the Supplementary Appendix).

Sensitivity and Supplemental Analyses
The results of sensitivity analyses with the out-
comes of end-stage renal disease alone and mea-
sured iothalamate GFR slope were similar to 
those of the primary analyses (Tables S8 and S9 
in the Supplementary Appendix). As in AASK, the 
presence of a single APOL1 risk variant was not 
significantly associated with renal events or the 
eGFR slope. The presence of the MYH9 risk geno-
type was not associated with either eGFR slope 
or the risk of composite renal events (Table S10 
in the Supplementary Appendix).

Discussion

In two prospective, multicenter studies involving 
patients with chronic kidney disease, we found a 
consistent, strong relationship between the pres-
ence of APOL1 risk variants and disease progres-
sion. This relationship, in part, explains the dis-
parities in rates of end-stage renal disease between 
black patients and white patients. In AASK, which 
enrolled black patients with chronic kidney dis-
ease attributed to hypertension, about 60% of pa-
tients in the APOL1 high-risk group had progres-
sion to the composite renal outcome. The APOL1 
status of the patients did not modify the effects 
of proteinuria and the treatment regimens tested 
in AASK.

The results from the CRIC study extended the 
findings in AASK by the inclusion of data from 
patients with diabetes and a comparison group 

of white patients. Independent of diabetes status, 
black patients overall and the subgroups of black 
patients with and without the APOL1 high-risk 
variants had a significantly higher risk of the 
composite renal outcome (a reduction of 50% in 
the eGFR or incident end-stage renal disease) 
than did white patients. In parallel analyses, the 
decline in the eGFR was more rapid among 
black patients who had APOL1 high-risk variants 
than among white patients and black patients 
with APOL1 low-risk variants. In contrast to the 
results of the time-to-event analyses, the eGFR 
decline did not differ significantly between 
white patients and black patients in the APOL1 
low-risk group, regardless of whether patients had 
diabetes. Despite the strong associations between 
the presence of APOL1 high-risk variants and dis-
ease progression, our results do not fully explain 
the well-documented racial disparities in rates of 
end-stage renal disease.

APOL1 encodes apolipoprotein L1, a circulating 
protein that can lyse T. brucei and various other 
trypanosomes.32,33 Relatively little is known 
about the role of apolipoprotein L1 in the kidney, 
other than that this protein is expressed in the 
glomerulus.34 Therefore, it remains possible that 
the consistently strong association that has been 
observed between the APOL1 G1 and G2 variants 
and renal outcomes in human studies is due to 
their linkage with other causal variants or genes.

Although previous studies have provided in-
direct evidence that APOL1 is associated with 
increased progression of chronic kidney disease, 
the case–control design of those studies could 
not distinguish between increased rates of dis-
ease progression and increased incidence of 
chronic kidney disease. We previously found an 
association between an increased rate of decline 
in the eGFR and the presence of APOL1 high-risk 
variants over the relatively short time frame of 
the AASK trial,16 but recent analyses have shown 
that the eGFR trajectory over a 10-year period in 
AASK is highly variable.35 In this study, we now 
provide direct evidence from AASK and the CRIC 
study that the APOL1 high-risk variants are as-
sociated with increased disease progression over 
the long term.

In AASK, there was no significant interaction 
between APOL1 and the trial interventions. Cur-
rently, therapeutic options to retard disease pro-
gression are limited. The use of ACE inhibitors 
slowed progression in AASK,28 but even while 
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patients were receiving the recommended ther-
apy, a majority had disease progression during a 
10-year period.36 The lack of significant inter-
action between APOL1 and treatment with an ACE 
inhibitor suggests that patients in the APOL1 
high-risk group still benefit from this class of 
drugs. Although some traditional risk factors for 
progression, such as proteinuria, still apply to 
patients in the APOL1 high-risk group, there are 

clearly other risk factors that affect this group, 
since approximately 40% of patients in the APOL1 
high-risk group did not have progression to the 
composite renal outcome.

An important finding from the CRIC study is 
the strong association between APOL1 high-risk 
variants and the progression of chronic kidney 
disease among patients with diabetes. Although 
genetic variants in the region of chromosome 22 
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Figure 2. Between-Group Comparisons of the Estimated Glomerular Filtration Rate (eGFR) Slope and Proportion of Patients Free  
from a Primary Outcome Event in the CRIC Study.

In the Chronic Renal Insufficiency Cohort (CRIC) study, the primary outcomes were the eGFR slope and a composite of end-stage renal 
disease or a reduction of 50% in the eGFR from baseline. Shown are mean differences in the eGFR slope for black patients in the 
APOL1 high-risk group versus white patients, black patients in the APOL1 low-risk group versus white patients, and black patients in 
the APOL1 high-risk group versus black patients in the APOL1 low-risk group, among patients with diabetes (Panel A) and among those 
without diabetes (Panel B). In Panels A and B, the I bars indicate 95% confidence intervals. I bars that cross above the horizontal black 
line indicate that the difference in eGFR is not significant. Also shown are the proportions of white patients and black patients in the 
APOL1 high-risk and low-risk groups who were free from the primary outcome of end-stage renal disease or a reduction of 50% in the 
eGFR from baseline, among patients with diabetes (Panel C) and among those without diabetes (Panel D).
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have been associated with various kidney dis-
eases14-19,37 in black patients, studies involving 
patients with both diabetes and kidney disease 
have been inconsistent.21,22 Initial studies fo-
cused on MHY9 rather than APOL1 variants, and 
none were longitudinal.14,38-40 One study did not 
show an association between APOL1 and chronic 
kidney disease among patients with diabetes; 
however, the statistical power for that study was 
low.22 A recent study41 showed an association 
between APOL1 high-risk variants and both inci-
dent chronic kidney disease and end-stage renal 
disease in unstratified analyses that included 
patients with and those without diabetes and 
provided suggestive evidence of a similar asso-
ciation among patients with diabetes. The rate 
of decline in eGFR has not, to our knowledge, 
been reported previously among patients with 
diabetes.

Our studies have limitations. The precise cause 
of chronic kidney disease was not ascertained in 
either study. In AASK, the sample size was rela-
tively small for interaction analyses. In addition, 
not all AASK patients provided DNA samples or 
were successfully genotyped, raising the poten-
tial for bias. However, APOL1 variants were not 
associated with mortality in either study, and the 
risk relationship between APOL1 variants and dis-
ease progression was similar in AASK and the 
CRIC study. Strengths of both studies include 
their long duration of follow-up, low rates of miss-
ing outcome data, and adjustment for a large 
number of potential confounders. Specific 
strengths of the CRIC study include substantial 
representation of both black patients and white 
patients, both those with and those without dia-
betes, and estimation of the GFR with the use of 
a study-derived estimating equation. Specific 
strengths of AASK include its trial phase, which 
allowed exploration of the interactive effects of 
APOL1 with antihypertensive therapies. In addition, 
throughout AASK, including the trial and cohort 
phases, blood pressure was well controlled.36 
Our finding that patients in the APOL1 high-risk 
group and those in the low-risk group had simi-
lar levels of blood pressure makes it unlikely 
that the effects of APOL1 on disease progression 
are mediated through blood pressure.

In conclusion, renal high-risk variants in APOL1 
were associated with an increased risk of pro-
gression of chronic kidney disease among black 
patients, even among those with well-controlled 
blood pressure. These variants may explain, in 
part, the markedly increased risk of end-stage 
renal disease among black patients, as compared 
with white patients, regardless of diabetes sta-
tus. These results also highlight the need to 
identify other risk factors that can account for 
residual disparities in end-stage renal disease 
between black patients and white patients. In 
the context of previous studies, our results sug-
gest that APOL1 high-risk variants increase the 
risk of progression of chronic kidney disease 
among black patients, regardless of the cause.
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