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ABSTRACT
Black living kidney donors are at higher risk of developing kidney disease than white donors. We examined the
effect of the APOL1 high-risk genotype on postdonation renal function in black living kidney donors and evaluated whether this genotype alters the association between donation and donor outcome. We grouped 136
black living kidney donors as APOL1 high-risk (two risk alleles; n=19; 14%) or low-risk (one or zero risk alleles;
n=117; 86%) genotype. Predonation characteristics were similar between groups, except for lower mean6SD
baseline eGFR (CKD-EPI equation) in donors with the APOL1 high-risk genotype (98617 versus 108620 ml/min
per 1.73 m2; P=0.04). At a median of 12 years after donation, donors with the APOL1 high-risk genotype had
lower eGFR (57618 versus 67615 ml/min per 1.73 m2; P=0.02) and faster decline in eGFR after adjusting for
predonation eGFR (1.19; 95% conﬁdence interval, 0 to 2.3 versus 0.4; 95% conﬁdence interval, 0.1 to 0.7 ml/min
per 1.73 m2 per year, P=0.02). Two donors developed ESRD; both carried the APOL1 high-risk genotype. In a
subgroup of 115 donors matched to 115 nondonors by APOL1 genotype, we did not ﬁnd a difference between
groups in the rate of eGFR decline (P=0.39) or any statistical interaction by APOL1 status (P=0.92). In conclusion,
APOL1 high-risk genotype in black living kidney donors associated with greater decline in postdonation kidney
function. Trajectory of renal function was similar between donors and nondonors. The association between
APOL1 high-risk genotype and poor renal outcomes in kidney donors requires validation in a larger study.

Kidney transplantation, particularly from a living
donor, is the preferred treatment for patients with
ESRD.1 Although live kidney donation is promoted
worldwide, it is imperative to continue to clarify the
long-term risks of unilateral nephrectomy in donors of all races.2 Recent studies have shown an
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Signiﬁcance Statement
APOL1 high-risk genotype is associated with kidney
disease in blacks. We examined the association between APOL1 high-risk genotype in black donors and
their postdonation kidney function. Renal function was
also compared between donors and nondonor controls
matched for APOL1 status to determine whether live
kidney donation alters the association. APOL1 high-risk
genotype in donors was associated with lower predonation and postdonation renal function. Two donors
reached ESRD, and both carried high-risk APOL1 genotypes. Overall, outcomes did not differ between
donors and matched nondonors stratiﬁed by APOL1
status. APOL1 high-risk genotype may be associated
with worse renal outcomes in kidney donors, but our
data requires replication in a larger study before recommending routine APOL1 genetic testing.
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increased risk of hypertension and ESRD in black donors
compared with matched black nondonors. 3,4 The risk of
ESRD is also higher among donors biologically related to
the recipients.4,5 In the United States, 88% of black donors
are biologically related to their recipients.6 These ﬁndings suggest that contributing factors to the poorer renal outcomes
observed in a small proportion of donors include interactions
between the effect of donation and genetic predisposition.
Genetic variants in APOL1 have been associated with increased susceptibility to nondiabetic CKD in blacks.7,8 The
APOL1 high-risk genotype is composed of two renal risk alleles,
and it is associated with a greater risk of FSGS compared with the
presence of one or zero renal risk alleles.7 Forty percent of blacks
on dialysis carry two APOL1 renal risk alleles compared with
approximately 12% in the general population.9 It is possible that
the increased risk of kidney disease observed in black live kidney
donors might be explained, at least in part, by APOL1 renal risk
alleles that are shared between the donor and their related recipient. To date, there have been two patient reports of black live
kidney donors developing FSGS 3–7 years after donation; both
of them were found to carry two APOL1 renal risk alleles.10,11 A
recent study reported that young blacks with good baseline
health (suitable potential donors who did not donate) carrying
two APOL1 renal risk variants were at highest risk of developing
CKD in the future.12
For these reasons, we decided to expand and extend our
prior study of black donor outcomes,3 and we performed
APOL1 genotyping. We ﬁrst evaluated whether the presence
of the APOL1 high-risk genotype in black live kidney donors
associates with pre- and postdonation renal function. We next
evaluated whether the presence of the APOL1 high-risk genotype altered the association between donation and outcomes
by studying a subpopulation of black donors who were successfully matched to suitable black nondonor controls with
similar indicators of baseline health, family history of ESRD
in a ﬁrst degree relative, and APOL1 genotype.

RESULTS
Comparing Renal Function between donors grouped
by APOL1 Risk Status

A total of 136 donors were studied at a median (25th, 75th
percentile) of 12 (9, 12.5) years after donation. Their mean age
was 3769 years old, 87 donors (64%) were women, and 106
donors (78%) were ﬁrst degree relatives of the recipient. The
frequencies of carrying zero, one, and two APOL1 renal risk
alleles were 67 (49%), 50 (37%), and 19 (14%), respectively.
The predonation characteristics of high- and low-risk genotype donors were similar except for predonation eGFR, which
was lower in donors with high-risk genotype (98617 versus
108620 ml/min per 1.73 m2; P=0.03) (Table 1).
At last follow-up, there was no difference between the two
groups of donors (APOL1 high-risk versus low-risk genotype)
with respect to time from donation, weight, absolute values of
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systolic and diastolic BP, and the prevalence of hypertension
(Table 2). The donors with high-risk genotype continued to
have lower eGFR (57618 versus 67615 ml/min per 1.73 m2;
P=0.02) (Figure 1A), and a greater proportion had eGFR,60
ml/min per 1.73 m2 (58% versus 34.5%; P=0.03) (Figure 1B).
Results remained unchanged when postdonation eGFR was
calculated via the Modiﬁcation of Diet in Renal Disease study
equation (Table 2).13 Although donors with APOL1 high-risk
genotype had a higher urine albumin-to-creatinine ratio
(uACR; 8.39 [2.6–23.0] versus 4.99 [2.5–11.6] mg/g;
P=0.01), the proportion of donors developing microalbuminuria was not different between the two groups (P=0.86).
Two donors developed ESRD due to proteinuric kidney
disease (not biopsied) at 10 and 18 years postdonation. Neither
of these two donors had developed diabetes after donation, but
both had hypertension. Both carried the APOL1 high-risk genotype and were related to the recipient. Both donors have
undergone kidney transplantation. Per the United Network of
Organ Sharing (UNOS), of our study cohort of 249 donors,
ﬁve donors had died, and two donors reached ESRD and
underwent a kidney transplant. None of the donors died
from renal causes. Both of these donors with ESRD who
underwent a kidney transplant participated in our study.
Figure 2A shows the rate of decline in postdonation eGFR
in donors with APOL1 high-risk and low-risk genotypes. After
adjusting for baseline predonation eGFR, donors with the
high-risk APOL1 genotype showed a faster rate of decline in
eGFR than donors with the low-risk genotype (1.1; 95% conﬁdence interval [95% CI], 0 to 2.3 versus 0.4; 95% CI, 0.1 to
0.7 ml/min per 1.73 m2 per year; P=0.02). Figure 2B shows
changes in postdonation eGFR for each donor carrying the
high-risk APOL1 genotype.
Comparing Renal Function in Donors and Nondonors
Matched for APOL1 Risk Status and Other
Characteristics

Of the 136 donors who were in our primary analysis, 115
donors were successfully matched to 115 nondonor controls
from the Coronary Artery Risk Development in Young Adults
(CARDIA) Study. The baseline characteristics between the two
groups were similar, except for health insurance, education,
and income (Supplemental Table 1). The donors were assessed
at a median (25th, 75th percentile) of 11.6 (9.1, 12.8) years
after cohort entry (which in the case of donors, was the date of
nephrectomy); corresponding values in nondonors were 9.9
(9.3, 14.6) years.
As anticipated, at follow-up, eGFR was lower in donors than
nondonors (68618 versus 109621 ml/min per 1.73 m 2 ;
P,0.01) due to unilateral nephrectomy. However, the uACR
was similar in donors and nondonors (4.8 [2.3–13.1] versus
4.9 [3.6–7.6] mg/g; P=0.10). One donor developed ESRD, and
none developed ESRD in the nondonor cohort. Figure 3 shows
that the rate of decline in eGFR was similar in donors and
nondonors grouped by APOL1 renal risk genotype. After adjusting for socioeconomic differences, there was no difference
J Am Soc Nephrol 29: 1309–1316, 2018
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Table 1. Predonation characteristics of live kidney donors on the basis of APOL1 renal risk genotype
Predonation Characteristics

High-Risk Genotype, n=19

Low-Risk Genotype, n=117

P Value

Age, yr
Women, %
Weight, kg
Body mass index, kg/m2
Systolic BP, mm Hg
Diastolic BP, mm Hg
Serum creatinine, mg/dl
eGFR, ml/min per 1.73 m2
Fasting blood sugars, mg/dl
Education, %
None to 8th grade
9th–11th Grade
High school
Some college
Bachelors
Postgraduate
Individual income, %
,$12,000
$12,000–$25,000
.$25,000
Employed, full or part time, %
Family history of hypertension, yes, %
Family history of ESRD, yes, %
Relationship to the recipient, %
Parent
Sibling
Child
Spouse
Other

3769
61
85616
3065
12167
7268
0.9860.18
98617
82612

3769
63
82618
2966
120610
7368
0.8960.18
108620
81612

0.84
0.85
0.49
0.45
0.56
0.61
0.06
0.03
0.62
0.09

11
6
40
33
11
0

1
15
34
38
6
6

11
28
61
83
79
89

13
28
60
80
71
76

11
37
42
5
5

9
38
28
9
16

0.97

0.79
0.48
0.20
0.27

High-risk genotype is deﬁned as carrying two APOL1 renal risk alleles, and low-risk genotype is deﬁned as carrying one or zero APOL1 renal risk alleles. Data are
presented as mean6SD. To convert serum creatinine from milligrams per deciliter to micromoles per liter, multiply by 88.4. Family history of hypertension and ESRD
was deﬁned as ﬁrst degree relative with these conditions.

in the rate of change in eGFR in the two groups (donors versus
nondonors: 0.5; 95% CI, 0.1 to 0.8 versus 0.6; 95% CI, 0.3 to
0.9 ml/min per 1.73 m2 per year; P=0.39). There was no statistical interaction by APOL1 status (P=0.92; i.e., the presence
of high-risk APOL1 [versus absence] did not modify the above
associations between donation [versus nondonation] and
eGFR outcomes).
Both systolic and diastolic BP readings were higher in donors compared with nondonors at follow-up (128616 versus
119613 mm Hg; P,0.001 and 83627 versus 76610 mm Hg;
P=0.02, respectively). The prevalence of hypertension was
higher in the donors compared with the nondonors: 47 of
115 (41%) versus 20 of 115 (17%; P,0.001). There was no
difference in weight between the two groups (88617 versus
87618 kg; P=0.79).

DISCUSSION

The APOL1 high-risk genotype in black live kidney donors is
associated with lower pre- and postdonation eGFR as well as a

J Am Soc Nephrol 29: 1309–1316, 2018

faster decline in postdonation eGFR compared with in donors
with the APOL1 low-risk genotype. However, we did not observe an exaggerated decline in kidney function that could be
attributable to donation in the presence of the APOL1 highrisk genotype when donors were compared with similar
genotype nondonor subjects who would have otherwise qualiﬁed for kidney donation.
This is the ﬁrst study examining the effect of the APOL1
high-risk genotype in black live kidney donors on postdonation renal function. In this cohort, 80% of the donors were
biologically related to the recipients, and 78% had ﬁrst degree
relatives with ESRD; both rates are similar to those reported
nationally for blacks.6 The prevalence of the APOL1 high-risk
genotype among black live kidney donor was 14%, similar to
that reported in the general population but lower than the one
reported for ﬁrst degree relatives of blacks with nondiabetic
ESRD, which is approximately 23%.8,14,15 Despite the high
fraction of biologically related donors, the prevalence of two
APOL1 renal risk alleles was not higher than in the general
population, perhaps due to vigorous screening for hypertension and kidney disease before donation.

APOL1 and Living Donor Kidney Function
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Table 2. Postdonation outcomes between live kidney donors on the basis of APOL1 renal risk genotype
Postdonation Outcomes

High-Risk Genotype, n=19

Low-Risk Genotype, n=117

P Value

Time since donation, yr
Postdonation weight, kg
Change in weight since donation, kg
Systolic BP, mm Hg
Change in systolic BP since donation, mm Hg
Diastolic BP, mm Hg
Change in diastolic BP since donation, mm Hg
Hypertension, %
Treated for hypertension with medication, %
Serum creatinine, mg/dl
CKD-EPI eGFR, ml/min per 1.732 m2
CKD-EPI eGFR ,60 ml/min per 1.732 m2, %
MDRD eGFR, ml/min per 1.732 m2
MDRD eGFR ,60 ml/min per 1.732 m2, %
ESRD, %
uACR, mg/g
Microalbuminuria, %

11.3 [9.1–12.5]
89618
+4.8617
128612
+7612
82610
+10612
44
75
1.7161.2
57620
67
58620
53
11
8.39 [2.6–23.0]
16

11.6 [9.1–13.6]
88618
+5.5617
130619
+10619
83627
+7612
49
67
1.2660.3
67615
36
68614
32
0
4.99 [2.5–11.6]
10

0.75
0.72
0.87
0.70
0.48
0.81
0.89
0.74
0.29
0.003
0.02
0.01
0.01
,0.01
0.02
0.01
0.86

High-risk genotype is deﬁned as carrying two APOL1 renal risk alleles, and low-risk genotype is deﬁned as carrying one or zero APOL1 renal risk alleles. Data are
presented as mean6SD if normally distributed or median [interquartile range] in not normally distributed. To convert serum creatinine from milligrams per deciliter
to micromoles per liter, multiply by 88. ESRD was deﬁned by receipt of dialysis or kidney transplant. Microalbuminuria was deﬁned as uACR.30 mg/g or .3 mg/
mmol. MDRD, Modiﬁcation of Diet in Renal Disease.

Persons with the APOL1 high-risk genotype are consistently reported to have a lower eGFR than those with the
low-risk genotype.16 In this study, we also observed that predonation eGFR was lower among donors with the APOL1
high-risk genotype, and at follow-up, they continued to
have lower eGFR, faster decline in eGFR, and a higher
uACR than the low-risk group. There was a greater proportion of donors with eGFR,60 ml/min per 1.73 m2 in the

high-risk genotype group. Two donors developed ESRD,
and both participated in our study and carried the APOL1
high-risk genotype. Because of our inability to genotype the
entire eligible study cohort and small sample size, we were
unable to accurately determine ESRD rates among donors
with the APOL1 high-risk genotype. Although the observed
11% rate in this sample was substantial, it could potentially be
overestimated, and therefore, it should be interpreted with

Figure 1. Lower pre- and post-donation eGFR in donors with high-risk APOL1 genotype than low-risk APOL1 genotype. Part A shows
that the predonation and postdonation eGFRs were lower in donors carrying two APOL1 renal risk alleles (or high-risk genotype) than
those carrying zero or one APOL1 renal risk allele (or low-risk genotype). Part B shows that a greater fraction of donors with two APOL1
renal risk alleles (high-risk genotype) had postdonation eGFR,60 ml/min per 1.73 m2. eGFR was calculated via the CKD-EPI formula.
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Figure 2. Rate of decline in postdonation eGFR is greater among donors with high-risk versus low-risk APOL1 genotype. Serum
creatinine values spanning the period from 12 months after donation (to allow for renal compensation) to last follow-up were abstracted
on all participating donors. eGFR was calculated at each of the time points via the CKD-EPI formula using serum creatinine and age of
the donor at these time points. A shows that the donors carrying two APOL1 renal risk alleles (or high-risk genotype) had faster decline
in postdonation eGFR than those carrying zero or one APOL1 renal risk allele (or low-risk genotype). B shows the postdonation eGFR
trajectory on 19 APOL1 high-risk genotype donors.

caution. A similar trajectory of renal function at follow-up
between a subset of donors and healthy nondonors matched
to APOL1 status suggests that donation did not accelerate loss
of renal function in individuals carrying two APOL1 renal risk
alleles.
Among donors carrying the APOL1 low-risk genotype, the
postdonation eGFR, the rate of decline in eGFR, and the
proportion developing microalbuminuria were similar to
those reported among white donors by Ibrahim et al. 17

(68614 versus 64611 ml/min per 1.73 m2, 0.460.2 versus
0.663.8 ml/min per 1.73 m2 per year, and 10% versus 9%,
respectively). It is possible that the absence of the APOL1
high-risk genotype might mitigate the risk of poor renal outcomes traditionally observed in black donors.
There was no difference in the prevalence of hypertension
between donors on the basis of the APOL1 genotype. Of note,
one third to one quarter of kidney donors were unaware of
being hypertensive, and therefore, they were not on treatment.

Figure 3. Similar rate of decline in eGFR between donors and matched nondonors grouped by APOL1 genotype. eGFR was calculated
for donors and nondonors via the CKD-EPI formula from serum creatinine values spanning the period from 12 months postdonation (to
allow for renal compensation in the donors) and at the subsequent examination year, which is at every 5 years (for nondonors), to the
last follow-up. There was no difference in change in eGFR between donors and nondonors stratiﬁed by APOL1 renal risk status. A
depicts comparison of eGFR between donors and nondonors with zero or one APOL1 renal risk allele (low-risk genotype), and B depicts
comparison of eGFR between donors and nondonors with two APOL1 renal risk alleles (high-risk genotype).

J Am Soc Nephrol 29: 1309–1316, 2018
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The donors were more likely to develop hypertension than
nondonors, even after matching for family history of ESRD
and APOL1 genotype. The APOL1 high-risk genotype is not
associated with postdonation development of hypertension
among black live kidney donors.
Strengths of our study include long duration of follow-up
of live kidney donors and nondonors. Study data were obtained in person for 96% of the donors and all of the nondonors. The careful selection and matching of nondonor
controls for familial and genetic factors help to elucidate
the risks directly associated with kidney donation. APOL1
genotyping of the donors and nondonors was performed
by the same laboratory at the National Institutes of Health
(NIH). Serum creatinine at last follow-up among the donors
and for study visits in nondonors was measured via enzymatic assay.
Limitations of our study are the relatively small sample size
and 55% recruitment of eligible donors. Modest ascertainment rates have been the Achilles heel for all prospective donor
studies in the United States (37%–65%).17,18 The predonation
characteristics and family history of ESRD did not differ between the donors who did and did not participate (Supplemental Table 2), ruling out selection bias. Furthermore, some
controls were used more than once; however, they were selected from different examination years, and therefore, they
had unique baseline examination and follow-up time. Although the most recent follow-up eGFR among donors was
computed using serum creatinine measured via enzymatic
assay, the interval eGFR (from donation to last follow-up)
was computed using serum creatinine concentrations from
two medical centers, and therefore, the assays were not uniform. Lastly, the nondonors differed from donors on socioeconomic variables, which could potentially have affected our
outcomes.
Our study shows that the APOL1 high-risk genotype is
associated with lower pre- and postdonation eGFR and a
faster decline in renal function in living kidney donors compared with the low-risk genotype. The observed ESRD rate
of 11% in our small study is substantial, but it may be inaccurate due to our inability to genotype the entire eligible
study cohort. Compared with in healthy nondonors, live
kidney donation per se does not amplify the risk associated
with APOL1-related kidney disease. Given the small size of
our study, we cannot make any deﬁnitive recommendations
about genotyping all potential donors. However, in light of
our ﬁndings and recent reports of the APOL1 high-risk genotype in the deceased donor being associated with inferior
recipient allograft survival,19,20 additional studies are urgently needed to address the effect of the APOL1 genotype
in live kidney donors on both donor and recipient outcomes. The NIH-initiated prospective study encompassing
all deceased and live black kidney donors in the United
States (i.e., the APOL1 Long-Term Kidney Transplantation
Outcomes Network) is designed to address some of these
issues.21
1314
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CONCISE METHODS
Study Design and Oversight
We conducted an observational cohort study of donors who donated a
kidney between 1993 and 2010 at two transplant centers in Detroit,
Michigan (Supplemental Material). All donors provided written informed consent. The study protocols were approved by the institutional review boards at both recruitment sites and the genetic testing
site (i.e., the NIH). The study adhered to the Declaration of Istanbul.

Study Subjects

Live Kidney Donors
Of the 244 donors eligible to participate in the study, 136 (56%) agreed
(Supplemental Figure 1). At follow-up, height, weight, and BP were
measured, and blood and urine samples were collected. Five donors
unable to come for a study visit mailed a sample of their saliva for
genotyping, and relevant study information was abstracted from their
medical records. All serum creatinine values spanning the period
from 12 months after donation (to allow for renal compensation to
occur) to last follow-up were abstracted, and eGFR was calculated via
the Chronic Kidney Disease Epidemiology Collaboration (CKD-EPI)
equation22 using serum creatinine value and age at the time of followup. Donors were queried about ever receiving chronic dialysis or
being transplanted, and when this occurred, follow-up time was truncated at the time of ESRD onset. Their last serum creatinine value
before starting dialysis was used to compute eGFR. The UNOS was
also contacted by each participating center to determine if any of their
donors who had donated during the study period (i.e., eligible for
participation in the study) had initiated dialysis, were waitlisted or
received a kidney transplant, or died.

Nondonor Control Subjects
A comparable group of blacks was selected from the CARDIA Study
cohort.23 After reviewing baseline records of 2637 participants, 958
(36%) of the CARDIA Study participants fulﬁlled the restriction criteria to be considered suitable for live kidney donation. The second
step consisted of ﬁnding nondonors who matched donors with regard to baseline age, sex, systolic BP, family history of ESRD in a ﬁrst
degree relative, APOL1 genotype, and duration of follow-up. At the
end, 115 nondonors were successfully matched to 115 donors (Supplemental Figure 2).
Serum creatinine values from subsequent CARDIA Study examination years (after enrollment examination years) were used to calculate eGFR at various time points in follow-up via the CKD-EPI
equation. Information on need for chronic dialysis or transplant
among the CARDIA Study participants was also ascertained from
their most recent follow-up interviews. Family history of ESRD in a
ﬁrst degree relative was also collected at the last visit.24

Groups by APOL1 Status
The donors with zero or one APOL1 renal risk allele were grouped
together as low-risk genotype, and those with two risk alleles are
referred to as high-risk genotype. The nondonors were also grouped
similarly on the basis of the number of APOL1 renal risk alleles.
J Am Soc Nephrol 29: 1309–1316, 2018
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Outcomes
The primary outcome for all study subjects was average annual change
in eGFR from 1 year after cohort entry. We also examined the following
secondary outcomes: (1) urinary albumin excretion estimated via spot
uACR and microalbuminuria deﬁned by a random uACR .30 mg/g
(SI units: .3.0 mg/mmol) and (2) hypertension deﬁned by a systolic
BP $140 mm Hg, a diastolic BP $90 mm Hg, or the use of antihypertensive medications.
These outcomes were compared between donors with and without
the APOL1 high-risk genotype and also between donor and matched
nondonor controls.

Statistical Analyses
Data are presented as mean (SD) for normally distributed data and
median (interquartile range) for nonparametric data. We assessed
differences in baseline characteristics between groups using independent sample t tests, Mann–Whitney U tests, and Fisher exact tests
before matching and paired t tests, Wilcox signed rank tests, McNemar tests, or Mantel–Haenszel tests as appropriate after matching.
We used the “greedy matching” macro25 to match nondonors to
donor at a 1:1 ratio by the following characteristics: age (5-year interval), sex, duration of follow-up (5-year interval), family history of
ESRD in a ﬁrst degree relative, systolic BP (15-mm Hg interval), and
APOL1 genotype (low versus high risk). The number of available
eligible nondonors determined the donor sample size. The paired t
tests or Wilcox signed rank tests were used, as appropriate, to compare BP, eGFR, and uACR at follow-up. The mixed effect model with
repeated measure was used to compare the rate of decline in renal
function. Mixed effect models were used to derive the eGFR decline
rate, which has ﬂexibility in treating follow-up time as a continuous
variable. In the longitudinal analysis, we included baseline eGFR in
the model, assuming that the baseline eGFR is independent of donation (intervention).26 We tested for interaction in the matched donor
nondonor outcomes to see if the effects were modiﬁed by the presence or absence of APOL1 risk. All tests of statistical signiﬁcance were
two-tailed tests, and we interpreted a,0.05 as statistically signiﬁcant.
We used SAS version 9.4 (SAS Institute, Cary, NC) to perform the
analyses.
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