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ABSTRACT
Self-reported ancestry, genetically determined ancestry, and APOL1 polymorphisms are associated with
variation in kidney function and related disease risk, but the relative importance of these factors remains
unclear. We estimated the global proportion of African ancestry for 9048 individuals at Mount Sinai Medical Center in Manhattan (3189 African Americans, 1721 European Americans, and 4138 Hispanic/Latino
Americans by self-report) using genome-wide genotype data. CKD-EPI eGFR and genotypes of three
APOL1 coding variants were available. In admixed African Americans and Hispanic/Latino Americans,
serum creatinine values increased as African ancestry increased (per 10% increase in African ancestry,
creatinine values increased 1% in African Americans and 0.9% in Hispanic/Latino Americans; P#1x1027).
eGFR was likewise signiﬁcantly associated with African genetic ancestry in both populations. In contrast,
APOL1 risk haplotypes were signiﬁcantly associated with CKD, eGFR,45 ml/min per 1.73 m2, and ESRD,
with effects increasing with worsening disease states and the contribution of genetic African ancestry
decreasing in parallel. Using genetic ancestry in the eGFR equation to reclassify patients as black on the
basis of $50% African ancestry resulted in higher eGFR for 14.7% of Hispanic/Latino Americans and lower
eGFR for 4.1% of African Americans, affecting CKD staging in 4.3% and 1% of participants, respectively.
Reclassiﬁed individuals had electrolyte values consistent with their newly assigned CKD stage. In summary,
proportion of African ancestry was signiﬁcantly associated with normal-range creatinine and eGFR,
whereas APOL1 risk haplotypes drove the associations with CKD. Recalculation of eGFR on the basis of
genetic ancestry affected CKD staging and warrants additional investigation.
J Am Soc Nephrol 26: 1682–1692, 2015. doi: 10.1681/ASN.2014050474

It is estimated that 6.7% of the United States population have CKD, which is deﬁned as eGFR,60 ml/min
per 1.73 m2 and/or evidence of kidney damage.1
Values of serum creatinine and eGFR and rates of
CKD and ESRD vary signiﬁcantly by ancestry and
ethnicity in the United States.1,2 Paradoxically,
whereas eGFR is found to be, on average, higher in
African Americans (AAs) than European Americans
(EAs),3 AAs also have 4-fold higher rates of ESRD
than EAs.1 The cause of these differences is thought
to be multifactorial, including environmental and
genetic contributions.4 Recently, variants in the
Apolipoprotein L1 (APOL1) locus, which are found
in individuals with African ancestry, were shown to
confer a 10-fold increased risk of hypertensive
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ESRD, 17-fold increased risk of FSGS, and 29-fold
increased risk of HIV-associated nephropathy.5–7
APOL1 variants were also associated with higher
rates of CKD progression in AAs, which was deﬁned by eGFR slope or doubling of serum creatinine,8 and predicted younger age of dialysis initiation
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in nondiabetic ESRD AAs and Hispanic/Latino Americans
(H/LAs).9,10 These ﬁndings strongly support a genetic component to population differences in the prevalence and incidence of CKD.
A potential issue in studies of CKD in ancestrally and ethnically diverse populations is that the most routinely used
measurement of kidney function, eGFR, is calculated using
equations that incorporate the patient’s ancestry as a binary
coding of black or not black. The two most commonly used
and extensively validated equations are the Modiﬁcation of
Diet in Renal Disease (MDRD)11 and Chronic Kidney Disease
Epidemiology Collaboration (CKD-EPI),12 and both incorporate into the estimates serum creatinine, age, sex, and ancestry.
The study populations used in deriving and validating the
CKD-EPI equation were more ethnically diverse than those
used for MDRD; however, they only included 10%–30% AAs
and 2%–5% H/LAs.12 Furthermore, classifying a person as
black or not black is prone to error and can vastly oversimplify
ancestral and ethnic identity,13 particularly in mixed ancestry
(or admixed) populations, such as AAs and H/LAs. Using
genome-scale genetic data, it is possible to accurately determine
an individual’s genetic ancestry, which is the proportion of an
individual’s genome that is ancestral to continental source populations. In the case of AAs, genetic ancestry is often modeled
as a proportion of African and European ancestry,14,15 and
H/LAs are modeled with African, European, and Native American ancestry.16–18 In this study, we were interested in exploring
how genetically determined African ancestry may affect estimates of eGFR and the related disease risk.
This analysis was performed using data from the BioMe
Biobank Program of The Charles Bronfman Institute for Personalized Medicine at Mount Sinai Medical Center, which is a
repository of genetic data linked to participants’ electronic
medical records (EMRs). This hospital-based population included 9048 unrelated adult participants for whom laboratory
data on eGFR and genome-wide single-nucleotide polymorphisms (SNPs) were available made up of 3189 AAs, 1721 EAs,
and 4138 H/LAs. Such a diverse population constitutes an
ideal setting to investigate the contribution of genetically determined ancestry and self-reported ancestry on kidney function estimates in normal and disease states. Because APOL1
variants have recently been identiﬁed as important genetic
contributors to the increased risk of CKD seen in AAs, we
were also interested in determining how much these variants
accounted for the variability in genetic risk in our diverse
cohort.

RESULTS
Study Population

Global ancestry proportions derived from genome-scale genetic data19,20 were available for 10,998 biobank participants
made up of 3764 AAs, 2040 EAs, and 5194 H/LAs. After quality
control, 10,320 individuals (3550 AAs, 2040 EAs, and 4730 H/LAs)
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were conﬁrmed to be unrelated (Concise Methods), and 9048
of these individuals had laboratory data available to calculate
eGFR (3189 AAs, 1721 EAs, and 4138 H/LAs). Clinical characteristics of 9048 study participants included in our analyses
are shown in Table 1.
AAs were, on average, younger than participants from the
other ethnic groups. Compared with EAs and H/LAs, AAs
had signiﬁcantly higher body mass index (BMI), systolic BP
(SBP), and diastolic BP (DBP) after adjustment for age and sex
(P,0.001) (Table 1). AAs also had higher prevalence of diabetes than EAs with adjustment for age and sex, but it was
not signiﬁcantly different from H/LAs. Participants who selfidentiﬁed as AAs were, on average, 82.0% (range=0.6%–100%)
African by genetic ancestry, whereas H/LAs were 28.6% African
(range=0%–100%) and EAs were 2.9% African (range=0%–
26.2%) (Table 1). Distributions of percentages of African,
European, and Native American ancestries in each population
are given in Supplemental Figure 1.
APOL1 Imputation

In total, 4106 biobank participants (3764 AAs, 19 EAs, and 323
H/LAs) were custom genotyped for three APOL1 variants (G1a
rs73885319, G1b rs60910145, and G2 rs71785313) previously
shown to be associated with ESRD.5,7 The genotypes were also
imputed using the 1000 Genomes Project phase 1 release
(December of 2013) as a reference panel21 in these individuals
as well as an additional 2019 EAs and 4811 H/LAs for whom
genome-wide Illumina OmniExpress Exome array SNP data
were available but custom APOL1 genotyping results were not
available (Concise Methods). Imputed genotypes were compared with typed genotypes in 4106 individuals for whom
both data were available, with .99% concordance in each
racial group (Supplemental Table 1). This ﬁnding is consistent
with previous work showing accurate imputation of common
alleles (minor allele frequency.5%).22–24
In AAs, the frequencies of APOL1 risk alleles were 22% for
G1 rs73885319, 21% for G1 rs60910145, and 13% for G2
rs71785313. The frequency of carrying two risk alleles (necessary to possess risk in the assumed recessive model) at any of
the variants (G2, G1, or G1/G2) was 14.5% in AAs, 2.0% in
H/LAs, and 0.05% in EAs.
Genetic African Ancestry and Creatinine

Consistent with previous studies,2,3 AAs, on average, had
higher serum creatinine values than H/LAs and EAs, even after
adjustment for age, sex, SBP, DBP, diabetes, smoking, and BMI
(P,0.001 for both group comparisons) (Table 1). These interpopulation differences were attenuated with adjustment
for genetic African ancestry (P.0.05) (Figure 1A, Table 2),
suggesting that genetic factors and/or population-level environmental factors may account for observed differences in
creatinine levels.
In both the admixed AAs and H/LAs, there was a signiﬁcant
trend of increasing creatinine as percentage of African ancestry
increased (Figure 1A). This trend was even more signiﬁcant
Genetic Ancestry and Kidney Function
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Table 1. Characteristics of Biobank study population
Characteristics
N (total=9048)
Age (yr), mean (SEM)
Women (%)
Diabetes (%)
Hemoglobin A1c (%), meanc
BMI (kg/m2), mean (SEM)c
SBP (mmHg), mean (SEM)c
DBP (mmHg), mean (SEM)c
Serum creatinine (mg/dl), meand,e
Serum creatinine (mg/dl), mean adjustedd,e,f
eGFR (ml/min per 1.73 m2) stages (%)
1: eGFR$90
2: eGFR=60–89
3: eGFR=30–59
3a: eGFR=45–59
3b: eGFR=30–44
4: eGFR characteristics=15–29
5: eGFR,15
eGFR, mean (SEM)d
eGFR, mean adjustedd,f (SEM)
CKD (%)g
ESRD (%)h
ESRD adjusted (%)f,h
Genetic ancestry (%), mean (range)
African
European
Native American
APOL1 risk haplotype frequency (%)

Self-Reported Ancestral/Ethnic Group
AA

EA

H/LA

3189
52.7 (0.26)
64.8
30.1
6.37
30.8 (0.14)
129.1 (0.25)
75.9 (0.15)
1.02
1.02

1721
68.1 (0.22)a
47.8a
16.1b
5.89a
27.2 (0.13)b
126.3 (0.34)b
73.8 (0.19)b
0.99a
0.89a

4138
55.0 (0.25)a
63.0
32.4
6.44
29.7 (0.10)b
126.2 (0.22)b
72.9 (0.12)b
0.92a
0.92a

45.0
39.8
11.4
8.0
3.4
1.4
2.3
85.9 (27.5)
86.4 (15.6)
15.0 (0.6)
3.4
4.6

15.1
59.7
22.4
15.2
7.2
1.9
1.0
70.4 (18.9)
70.5 (8.2)a
16.4 (0.9)
1.6a
1.9a

37.9
43.9
14.8
10.7
4.1
1.6
1.8
80.9 (24.1)
81.6 (15.4)a
15.1 (0.6)
2.3a
2.9a

82.0 (0.6–100)
15.8 (0–96.4)
2.3 (0–68.3)
14.5

2.9 (0–26.2)
94.5 (68.3–97.3)
2.6 (0–28.3)
0.05

28.6 (0–100)
54.1 (0–96.5)
17.3 (0–98.6)
2.0

a

P,0.001 compared with AAs.
P,0.001 compared with AAs with adjustment for age and sex.
Mean of all yearly medians.
d
Most recent yearly median value.
e
Exponent of natural log creatinine.
f
Adjusted for age, sex, average SBP, average DBP, diabetes status, BMI, and smoking.
g
CKD deﬁned using algorithm as deﬁned in Concise Methods.
h
ESRD is deﬁned as eGFR,15 ml/min per 1.73 m2 or patient on hemodialysis.
b
c

when creatinine levels were restricted to normal-range values
(,1.3 mg/dl in men and ,1.1 mg/dl in women as deﬁned by
Peralta et al.25), with each 10% increase in African ancestry
associated with a 1% increase in creatinine in AAs and a 0.9%
increase in creatinine in H/LAs (P#131027) (Table 2). When
using a threshold for elevated creatinine ($1.3 mg/dl in men
and $1.1 mg/dl in women) and considering it as a binary
trait,26 elevated creatinine was signiﬁcantly associated with
percentage of African ancestry in ancestry-pooled individuals
using a fully adjusted model (odds ratio [OR], 1.11; 95% conﬁdence interval [95% CI], 1.07 to 1.16; P,931028) (Table 2).
Carrying two APOL1 risk variants was signiﬁcantly associated
with higher serum creatinine level in all individuals stratiﬁed by
population group independent of genetic African ancestry in an
adjusted model (P52310210) (Table 2). When this analysis was
restricted to only diabetic individuals, the association was attenuated (P=0.01) (Supplemental Table 2). Additionally, the association between APOL1 and serum creatinine disappeared in
1684
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analyses restricted to normal-range creatinine (,1.3 mg/dl in
men and ,1.1 mg/dl in women), suggesting that it was driven by
individuals with kidney disease (Table 2, Supplemental Table 2).
Genetic Ancestry and eGFR

eGFR estimates using the CKD-EPI equation with AAs
classiﬁed as black and H/LAs and EAs classiﬁed as not black
were signiﬁcantly higher in AAs than in H/LAs or EAs in the
adjusted model (P,0.001 for both comparisons) (Table 2).
Unlike the analyses with creatinine, adjustment for genetic
African ancestry did not attenuate the interpopulation differences in eGFR between AAs and H/LAs (Figure 1B).
In AAs and H/LAs, there was a signiﬁcant trend of decreasing eGFR as percentage of African ancestry increased
(adjusted b=21.62, P=331028 in AAs; b=20.87, P=431028
in H/LAs; both per 10% increase in African ancestry) (Table 2),
which was only partially attenuated in those with eGFR.90 ml/min
per 1.73 m2 (Table 2).
J Am Soc Nephrol 26: 1682–1692, 2015
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With the addition of APOL1 risk variants to the model, the
effect of genetic African ancestry on eGFR remained signiﬁcant
in both AA and H/LA populations and seemed to be driven by
individuals who do not have diabetes (Table 2, Supplemental
Table 2). Additionally, the APOL1 risk haplotypes were no longer signiﬁcantly associated with eGFR in those with eGFR.90
ml/min per 1.73 m2 (Table 2, Supplemental Table 2).
Genetic Ancestry and CKD/ESRD

Figure 1. Adjustment for proportion genetic African ancestry attenuates differences in serum creatinine between AAs and H/LAs, but not
differences in eGFR. As shown in A, the natural log of serum creatinine
values in H/LAs and AAs increase with proportion of genetic African
ancestry (unadjusted b=0.02 units on log scale per 10% genetic
African ancestry; P=231025 in AAs; unadjusted b=0.01 units on log
scale per 10% genetic African ancestry; P=831025 in H/LAs). After
adjusting for proportion of genetic African ancestry in a full model,
there was no longer a signiﬁcant difference in average creatinine levels between these populations (P.0.05). B shows that eGFR levels
decrease with increased proportion of genetic African ancestry in both
AAs and H/LAs (unadjusted b=21.69 ml/min per 1.73 m2 per 10%
genetic African ancestry; P=231027 in AAs; unadjusted b=21.26
ml/min per 1.73 m2 per 10% genetic African ancestry; P=7310212
in H/LAs). However, unlike the analyses with creatinine, adjustment for
genetic African ancestry did not attenuate the interpopulation differences in eGFR between AAs and H/LAs (P,10210 in adjusted model).

J Am Soc Nephrol 26: 1682–1692, 2015

CKD was deﬁned on the basis of data in the patients’ EMRs
using a validated algorithm, such that either two values of
eGFR,60 ml/min per 1.73 m2 were recorded $3 months
apart or one value of eGFR,60 ml/min per 1.73 m2 was recorded in addition to use of particular International Classiﬁcation of Diseases, Ninth Revision (ICD‐9) codes or chart
documentation (Concise Methods). When adjusted for age,
sex, diabetes, SBP, and DBP, AAs had higher rates of CKD than
non-AAs (OR, 1.50; 95% CI, 1.24 to 1.82; P,0.001 compared
with EAs; OR, 1.18; 95% CI, 1.02 to 1.37; P=0.03 compared
with H/LAs; data not shown). These intergroup differences in
prevalence of CKD were attenuated with adjustment for genetic African ancestry and APOL1 risk haplotypes; these two
factors were also independently associated with CKD risk (genetic African ancestry: OR, 1.08; 95% CI, 1.04 to 1.17;
P=131024; APOL1 risk haplotype: OR, 1.57; 95% CI, 1.19
to 2.05; P=0.001) (Table 2).
AAs also had higher rates of ESRD (deﬁned as eGFR,15
ml/min per 1.73 m2 or on dialysis) even after adjustment for
traditional CKD risk factors (Table 1). Adjusted rates of ESRD
were no longer signiﬁcantly higher in AAs when also adjusted
for percentage of African ancestry (Table 2). With addition of
the APOL1 variants to the model, African ancestry was no
longer signiﬁcantly associated with ESRD (Table 2), suggesting that APOL1 variants account for the majority of increased
ESRD risk in individuals of African ancestry. Once again, the
associations with APOL1 haplotypes and ESRD seemed to be
driven by individuals who do not have diabetes (OR, 4.81; 95%
CI, 2.57 to 8.98; P=931027); however, we also observed a studywide borderline association in patients with diabetes (OR, 2.81;
95% CI, 1.54 to 5.10; P=0.001) (Supplemental Table 2).
Recalculated eGFR on the Basis of Proportion of
Genetic African Ancestry

GFR estimates using CKD-EPI and MDRD equations incorporate ancestry and ethnicity as a binary variable: black or not
black. The CKD-EPI equation increases the GFR of black individuals by a factor of 1.159. It is unclear how well these binary
categories, which largely rely on perceived or self-reported ancestry, account for the actual underlying environmental and
genetic differences in GFR, and the relationship between serum
creatinine and GFR between populations.27 When individuals
in our study were partitioned by percentage of genetic African
ancestry (,25%, 25%–50%, 50%–75%, and $75%), a significant increase in serum creatinine levels was noted only in
those with $50% genetic African ancestry compared with
Genetic Ancestry and Kidney Function
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Table 2. Contributions of genetic ancestry, APOL1, and self-reported ancestry to normal renal function and disease states in
full model*
Characteristics
AAs
Log creatininea
Log creatininea restrictedb
eGFR (ml/min per 1.73 m2)
eGFR.90 ml/min per 1.73 m2
Elevated creatininec
CKD
eGFR,45 ml/min per 1.73 m2
ESRD (eGFR,15 ml/min per
1.73 m2)
H/LAs
Log creatininea
Log creatininea restrictedb
eGFR (ml/min per 1.73 m2)
eGFR.90 ml/min per 1.73 m2
Elevated creatininec
CKD
eGFR,45 ml/min per 1.73 m2
ESRD (eGFR,15 ml/min per
1.73 m2)
All individuals
Log creatininea
Log creatininea restrictedb
eGFR (ml/min per 1.73 m2)
eGFR.90 ml/min per 1.73 m2
Elevated creatininec
CKD
eGFR,45 ml/min per 1.73 m2
ESRD (eGFR,15 ml/min per
1.73 m2)

Genetic African Ancestry
(per 10%)

APOL1 Risk
Haplotype

Comparison of AA
Versus (P Value)

b or OR (95% CI)

P Value

b or OR (95% CI)

P Value

0.02 (0.008 to 0.03)
0.01 (0.007 to 0.016)
21.62 (22.19 to 21.04)
21.07 (21.52 to 20.62)
1.14 (1.06 to 1.23)
1.19 (1.09 to 1.30)
1.07 (0.96 to 1.20)
1.09 (0.93 to 1.28)

131024
331027
331028
431026
0.001
131024
0.22
0.31

0.08 (0.04 to 0.12)
0.0003 (20.02 to 0.02)
22.69 (25.12 to 20.25)
20.94 (23.04 to 1.15)
1.27 (0.98 to 1.66)
1.32 (0.98 to 1.79)
1.69 (1.15 to 2.48)
2.69 (1.66 to 4.35)

131024
0.98
0.03
0.36
0.07
0.07
0.007
531025

0.009 (0.003 to 0.01)
0.009 (0.005 to 0.01)
20.87 (21.18 to 20.56)
20.34 (20.60 to 20.09)
1.09 (1.03 to 1.14)
1.03 (0.98 to 1.09)
1.05 (0.99 to 1.12)
0.89 (0.79 to 1.01)

0.001
731028
431028
0.008
0.001
0.20
0.13
0.07

0.26 (0.18 to 0.35)
0.01 (20.05 to 0.06)
211.33 (216.14 to 26.51)
22.32 (26.49 to 1.85)
3.46 (1.86 to 6.43)
3.02 (1.57 to 5.81)
4.07 (1.92 to 8.65)
11.06 (4.47 to 27.35)

231029
0.82
431026
0.27
931025
0.001
231024
231027

0.01 (0.008 to 0.02)
0.01 (0.007 to 0.01)
21.17 (21.44 to 20.90)
20.64 (20.87 to 20.40)
1.11 (1.07 to 1.16)
1.08 (1.04 to 1.13)
1.08 (1.02 to 1.14)
0.99 (0.90 to 1.08)

231028
1310214
4310217
431028
931028
131024
0.008
0.77

0.11 (0.07 to 0.14)
0.002 (20.17 to 0.02)
24.23 (26.20 to 22.26)
21.27 (22.89 to 0.35)
1.49 (1.17 to 1.91)
1.57 (1.19 to 2.05)
2.01 (1.43 to 2.83)
3.54 (2.30 to 5.41)

231025
0.83
231025
0.13
0.001
0.001
731025
831025

EA

H/LA

0.59
0.02
,0.001
,0.001
0.24
0.12
0.02
0.09

0.12
0.19
,0.001
,0.001
0.49
0.02
0.13
0.16

*Adjusted for age, sex, diabetes status, SBP, DBP, BMI, and smoking.
a
Natural log of creatinine used in model.
b
Creatinine,1.3 mg/dl in men and ,1.1 mg/dl in women.
c
Creatinine$1.3 mg/dl in men and $1.1 mg/dl in women.

those with ,25% (Figure 2A). To investigate the role of genetic ancestry on GFR measures, we recategorized individuals,
choosing individuals with $50% genetic African ancestry to
deﬁne black individuals and those with ,50% genetic African
ancestry to deﬁne not black individuals. For AAs who were
found by genetic ancestry to be ,50% African, we divided
their current eGFR by 1.159 to remove the correction factor
for black. In a similar fashion, for H/LAs who were found to be
$50% African, we increased their eGFR by a factor of 1.159.
No EAs in our study had $50% African ancestry, and thus,
their eGFRs were not adjusted.
Using these criteria, 131 self-reported AAs (4.1%) and 609
H/LAs (14.7%) had eGFRs that were recalculated. With the
adjusted eGFR measures, 33 AAs (1%) were reclassiﬁed to a
higher CKD stage, and 180 H/LAs (4.3%) were reclassiﬁed to a
lower (less severe) CKD stage (Table 3). Additionally, with this
eGFR adjustment, there was no longer a signiﬁcant difference
1686
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between eGFR values in AAs and H/LAs in the same category
of percentage of African ancestry (Figure 2B).
We then investigated whether individuals who were reclassiﬁed to a new CKD stage on the basis of genetic African ancestry had metabolic characteristics that were more similar to
their new staging than their old staging, which would support
the reclassiﬁcation. In the ancestry-pooled and stratiﬁed
analyses, average levels of serum bicarbonate and potassium
signiﬁcantly varied with CKD stage (Ptrend,0.001 in adjusted
and unadjusted regression analyses for both electrolytes)
(Supplemental Table 3). We focused on electrolyte values in
the H/LA population, because considerably more H/LA individuals than AA or EA individuals were reclassiﬁed to a new
stage using genetic ancestry (Table 3). Serum levels of yearly
median bicarbonate and potassium were evaluated in H/LAs
who were reclassiﬁed to a new CKD stage, and these values
were compared with yearly median values of other individuals
J Am Soc Nephrol 26: 1682–1692, 2015
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with CKD stages 2 and 3 (Supplemental Table 3), we focused
on 52 H/LAs who were reclassiﬁed from CKD stage 3 to CKD
stage 2 and had measured bicarbonate and potassium levels.
Their mean bicarbonate level was 26.9 (95% CI, 26.2 to 27.6),
which was higher than the mean bicarbonate of 466 HL/As
with their original CKD stage 3 (mean=26.0; 95% CI, 25.8 to
26.3; P=0.02) and not statistically different from 1529 H/LAs
with their newly assigned CKD stage 2 (mean=26.6; 95% CI,
26.5 to 26.8; P=0.78) adjusting for age and sex (Supplemental
Table 3). Likewise, potassium levels in these 52 reclassiﬁed
HL/As were lower than H/LAs with their original CKD stage
3 (mean=4.1; 95% CI, 4.0 to 4.2 [n=466]; mean=4.3; 95% CI,
4.3 to 4.4; P=0.004 using log-transformed potassium values)
and not signiﬁcantly different from the H/LAs with their
newly assigned CKD stage 2 (mean=4.2; 95% CI, 4.2 to 4.2
[n=1529]; P=0.10) adjusting for age and sex (Supplemental
Table 3). Thus the average serum bicarbonate and potassium
levels of the reclassiﬁed individuals were more similar to their
new classiﬁcation group than their old classiﬁcation group,
supporting their new reclassiﬁcation.

DISCUSSION

Figure 2. GFR in AAs and H/As calculated using the CKD-EPI
equation is compared with a modiﬁcation of the equation incorporating genetic African ancestry. Unadjusted eGFR (shown at
the top of the ﬁgure) is higher on average in AAs than H/LAs, and
this is seen in each category of proportion genetic African ancestry. The eGFR was then recalculated to incorporate genetic
African ancestry, as follows. For self-reported AAs who were found
by genetic ancestry to be ,50% African, their current eGFR was
divided by 1.159 to remove the black correction factor. In a similar fashion, for H/LAs who were found to be $50% African, their
GFR was increased by a factor 1.159. With eGFR recalculated
using genetic African ancestry, there was no longer a signiﬁcant
difference between eGFR values in AAs and H/LAs by category of
percentage of African ancestry.

in the original and the new CKD stage assignments (Supplemental Table 3). Because average potassium and bicarbonate
levels did not differ signiﬁcantly between HA/LAs in CKD
stages 1 and 2 but were signiﬁcantly different between those
J Am Soc Nephrol 26: 1682–1692, 2015

In a large ancestrally diverse cohort, we investigated the associations of (1) self-reported ancestry, (2) ancestry inferred from
genetic data, and (3) APOL1 genotype with various components of kidney function. Speciﬁcally, the proportion of genetically derived African ancestry was signiﬁcantly associated with
normal-range variation of creatinine and eGFR, whereas
APOL1 risk haplotypes were associated with CKD and ESRD.
Our results are consistent with previous reports that African
ancestry is positively associated with elevated serum creatinine
levels in young AA men.26 We were able to extend these ﬁndings to men and women of a broader age range and those who
self-reported as H/LA. In our study, the H/LA population exhibited an average of 29% (range=0%–100%) African ancestry, which reﬂects the predominantly (approximately 80%)
Caribbean origin of the H/LA participants.28 Higher levels
of serum creatinine in individuals of African ancestry compared with other ethnic groups have been attributed to larger
muscle mass and differences in tubular creatinine secretion.2,27,29 Our ﬁndings strongly support that genetic ancestry
is predictive of physiologic differences in both serum creatinine and eGFR.
The MDRD and CKD-EPI equations are the most widely
used indices of kidney function; however, it is debated whether
eGFR accurately estimates kidney function in admixed populations, such as AAs and H/LAs.27 Given the large variation in
genetically derived African ancestry, especially among H/LAs,
we reclassiﬁed AAs and H/LAs as black and not black on the
basis of an individual’s proportion of African ancestry ($50%
versus ,50%) rather than self-report and recalculated eGFR.
This resulted in lower eGFR in 4.1% of AAs and higher eGFR
in 14.7% of H/LAs, with reclassiﬁcation to a higher CKD stage
Genetic Ancestry and Kidney Function
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classiﬁed as eGFR,60 ml/min per 1.73 m2
and 1.4% of H/LAs no longer being classiﬁed
a
as such, which could have measurable public
CKD
Stage
Using
Genetic
Ancestry
CKD Stage Using
health consequences for the estimated 6.7%
Self-Reported Ancestry
1
2
3a
3b
4
5
of the United States population with CKD.1
b
AAs
In our patient population, APOL1 risk
1
1414
22
haplotypes
were signiﬁcantly associated
2
1260
10
with
CKD,
eGFR,45
ml/min per 1.73 m2,
3a
252
3
and ESRD in AAs and H/LAs. We also ob3b
108
1
4
46
0
served signiﬁcant associations between
5
73
APOL1 and serum creatinine as well
HAsc
as eGFR, which seemed to be driven by
1
1567
disease-range values. Additionally, in anal2
111
1705
yses in patients who do not have diabetes as
3a
57
386
well as patients with diabetes, APOL1 risk
3b
18
152
haplotypes were associated with CKD and
4
10
58
ESRD; in patients with diabetes, the study5
2
72
wise borderline signiﬁcance of these assoa
GFR calculated on the basis of genetic ancestry as follows: regardless of self-reported ancestry, if
ciations (P=0.05 for CKD; P=0.001 for
,50% African ancestry, use CKD-EPI9 for not black, and if .50% African, use CKD-EPI for black.
b
Total number reclassiﬁed: 36 (1%).
ESRD) may be affected by limited power,
c
Total number reclassiﬁed: 198 (4.8%).
with only one third of study participants
classiﬁed as diabetic. There have been differing results in studies as to whether the
risk effect of APOL1 extends to diabetic kidney disease,8,33–36 which
in 1.0% of AAs and a lower CKD stage in 4.3% of H/LAs. The
reclassiﬁcation of individuals to a different CKD stage was
may also, in part, be attributable to differences in study power as
supported by their potassium and bicarbonate levels matching well as prevalence of APOL1-associated intermediate phenotypes in
more closely with their newly assigned group than their old
the diabetic populations.
group. The cutoff of 50% African ancestry to deﬁne black was
Because APOL1 variants were genotyped in only a subset of
on the basis of analysis of differences in serum creatinine in
our population and the APOL1 locus is not represented on the
individuals partitioned by percentage of African ancestry Illumina OmniExpress Exome array, to increase the power of
(,25%, 25%–50%, 50%–75%, and .75%) and observation
our study, we imputed the APOL1 variants using genome-wide
that a signiﬁcant difference in creatinine level was only present
genotype data in subjects for whom genotyping data were not
in individuals with $50% African ancestry compared with
available. Our results indicated .99% concordance rates for
those with ,25% African ancestry. However, future studies,
the subset of samples for which both typed and imputed
including a gold standard measure of GFR, will have the bengenotype data were generated. This exercise shows that the
eﬁt of including genetic ancestry as a continuous variable (beAPOL1 haplotypes can be successfully imputed and further
cause they will not be limited by the structure of existing analyzed in conjunction with other clinical traits in large
equations) and will be able to determine whether use of
cohorts with existing genome-wide genotype data. The sucgenetic ancestry improves estimates of GFR. Because ancestry cess of imputation may vary on the basis of the types of
estimates are increasingly within reach (through biobanks,
genotyping arrays, reference panels, imputation software, and
clinical sequencing, or direct-to-consumer genetic testing),
the number of individuals with African ancestry, for whom
this information could ultimately be incorporated into clinical these haplotypes are common and can be more accurately
decision support applications delivered through EMRs simiimputed.22–24
larly to existing personalized care approaches, such as genetic
The strengths of our study include the largest and most
prediction of drug response variability.30,31
ethnically diverse cohort to date to address the effect of genetic
ancestry on eGFR. Our subjects were enrolled in a biobank
If our ﬁndings are conﬁrmed with studies using gold standard
setting, where longitudinal phenotypic data contained within
measurements of GFR, the clinical implications of improved GFR
the EMR can be extracted, allowing adjustment for potential
estimation with incorporation of genetic ancestry would be quite
confounders.29 Importantly, this study’s discoveries, after they
signiﬁcant. Current practice guidelines by Kidney Disease Outcome Quality Initiative recommend additional clinical invesare validated, could be introduced into clinical research protigations beginning at eGFR,60 ml/min per 1.73 m2, which tocols and the EMR to augment clinical care. Moreover, we
include anemia evaluation, nutritional workup, assessment of used a large genome-wide genotype panel to quantify the genetic ancestry for each participant. Previous studies mostly
bone disease and calcium and phosphorous metabolism, and
relied on self-reported ancestry, country of origin, or a small
monitoring of patient wellbeing.32 Incorporation of genetic
African ancestry in our cohort led to 0.3% of AAs being newly set of ancestry informative markers.25,26,37
Table 3. Reclassiﬁcation of CKD stage on the basis of genetic ancestry versus
self-reported ancestry
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This study’s limitations include the lack of a gold standard
GFR measure to assess the improvement in accuracy of eGFR
with recalculation using African genetic ancestry; however, we
were primarily interested to see whether using genetic ancestry
would signiﬁcantly affect eGFR estimates. Although eGFR values changed in 18.8% of participants and CKD staging
changed in 5.3% of participants, it is unknown whether recalculated estimates would increase the sensitivity and speciﬁcity
of CKD diagnosis. Furthermore, although the EMR offers access to a broad range of phenotypes for many individuals, the
depth of the phenotyping is limited. For example, we had limited
data on albuminuria and cause of kidney disease. There is also a
potential bias introduced by using a clinical cohort where laboratory testing was performed on the basis of clinical appropriateness in contrast to standardized cohort studies, where data are
available for all individuals. We tried to minimize this bias in our
analysis of electrolytes by looking at commonly measured electrolytes, which would be checked in individuals routinely at all
stages of CKD. Our ﬁndings were also possibly confounded by
socioeconomic and environmental factors (e.g., diet, lifestyle,
and access to care) that were not accounted for in our study.
Nevertheless, we adjusted for self-reported ancestry, which in the
United States is strongly associated with socioeconomic status,4
as well as established risk factors, such as diabetes and hypertension, which are likely to be affected by similar environmental
exposures.
In summary, serum creatinine levels are higher in AAs compared with H/LAs, but this difference disappears with adjustment for percentage of African ancestry. Higher proportion
of genetic African ancestry is associated with higher serum
creatinine levels and lower eGFR, especially within the normal
value ranges, whereas APOL1 genotype is more predictive of
kidney disease. Signiﬁcant increases in serum creatinine occur
in individuals with $50% genetic African ancestry compared
with ,25% genetic African ancestry. Recalculation of eGFR on
the basis of a 50% threshold for genetic African ancestry led to
reclassiﬁcation of the CKD stage in 5.3% patients, and serum
bicarbonate and potassium values in these individuals were
more similar to their newly assigned group, supporting the
reclassiﬁcation. If validated and proven to be feasible, genetic
ancestry could be incorporated to enhance GFR estimates in
clinical and epidemiologic studies and ultimately, improve patient care.

CONCISE METHODS
Subjects
Study participants were recruited from the BioMe Biobank Program
of The Charles Bronfman Institute for Personalized Medicine at
Mount Sinai Medical Center from 2007 on. The BioMe Biobank
is a consented EMR-linked medical care setting biorepository drawing from a population of over 70,000 inpatient and 800,000 outpatient visits annually. Mount Sinai Medical Center serves the diverse
local communities of upper Manhattan, including Central Harlem
J Am Soc Nephrol 26: 1682–1692, 2015
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(86% AA), East Harlem (88% H/LA), and Upper East Side (88%
EA/white), with broad health disparities.38 BioMe populations include 28% AA, 38% H/LA (predominantly of Caribbean origin),
23% EA/white, and 11% East Asian, South Asian, or other ancestry
(the ﬁnal category was not included in this study). At the time of
enrollment, participants were asked to describe their family background and ethnicity. For the purposes of this study, participants
were classiﬁed as AA if they self-reported to be AA (92.5%), African
(0.3%), black (2.2%), or non-Hispanic Afro-Caribbean (5%); H/LA
if they self-reported to be H/LA (94%), Native American (0.2%),
mixed H/LA and African ancestry (2%), mixed H/LA and European
ancestry (1.2%), Central American (1%), or South American (1.6%);
and EA if they self-reported to be Caucasian or white (67%), Jewish
(21.6%), or European (11%). Since 2007, almost 30,000 Mount Sinai
patients have enrolled in the BioMe program. BioMe operations
are fully integrated in clinical care processes, including direct recruitment from clinical sites’ waiting areas and phlebotomy stations by dedicated Biobank recruiters independent of clinical care
providers before or after a clinician standard of care visit. Recruitment currently occurs at a broad spectrum of over 30 clinical care
sites. This study included 10,320 unrelated (p#5%39) biobank participants selected for having genome-wide SNP genotyping without
prior knowledge of laboratory values available in their EMRs. The
BioMe Biobank Program (Institutional Review Board 07–0529) operates under a Mount Sinai Institutional Review Board-approved
research protocol. All study participants provided written informed consent.

Phenotypic Data
Phenotypic data were extracted from patients’ EMRs. For continuous
variables (serum creatinine, potassium, bicarbonate, eGFR, SBP,
DBP, BMI, and hemoglobin A1C), all values were extracted from
the EMR, and median values were calculated for each year from
2003 to 2012. In our analyses, we used the most recent yearly median
creatinine and eGFR values, and the yearly median bicarbonate and
potassium values from that same year. The average of all yearly median values was used for SBP, DBP, and BMI. Type 2 diabetes status
was determined using the Electronic Medical Records and Genomics
(eMERGE) Network type 2 diabetes phenotyping algorithm.40 eGFR
was determined using the CKD-EPI creatinine equation: 1413min
(serum creatinine/k or 1)a3max(serum creatinine/k or 1)1.20930.993age
3(1.018 for women)3(1.159 for black), where serum creatinine is in
milligrams per deciliter, k is 0.7 for women and 0.9 for men, a is
20.329 for women and 20.411 for men, min is the minimum of serum
creatinine/k or 1, and max is the maximum of serum creatinine/k or 1.9
With this calculation, we incorporated self-reported ancestry. CKD
status was derived using data in the patients’ EMRs, with CKD deﬁned on the basis of the 2012 Kidney Disease Improving Global
Outcomes criteria (eGFR,60 ml/min per 1.73 m2 for duration$3
months). Participants were deﬁned as having CKD if they had either
two eGFR values$3 months apart that were ,60 ml/min per 1.73 m2
or one value of eGFR that was ,60 ml/min per 1.73 m2 recorded in
addition to a documented diagnosis of CKD in the problem list,
ICD-9 code list, or the text of progress notes. This algorithm has
been validated by expert reviewers at multiple institutions through
Genetic Ancestry and Kidney Function
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eMERGE and has a positive predictive value of 96% and a negative
predictive value of 100%.

Genetic Data

Genetic Ancestry Analysis
Genome-wide SNP genotyping was performed in 10,998 individuals
using the Illumina OmniExpress Exome array (n.900,000). SNPs
passing genotype calling quality control metrics were further pruned
before analysis using the PLINK software39 as follows: (1) SNPs with
minor allele frequency.0.01 with a call rate.0.9 were included, (2)
SNPs in tight linkage disequilibrium (r2.0.8) were removed, and (3)
SNPs that are within regions of persistent haplotypes, which are
known to confound principal component analysis,41 were removed
(for example, the Human Leukocyte Antigen: chr6: 27,000,000–
35,000,000 [NCBI37/hg19]; Lactase gene: chr2: 135,000,000–
137,000,000 [NCBI37/hg19]; and a common inversion: chr8:
6,000,000–16,000,000 [NCBI37/hg19]). Finally, we intersected the
data with a reference panel representing the putative ancestral diversity in the BioMe cohort, including ﬁve populations from the 1000
Genomes Project21: Utah residents with ancestry from northern and
western Europe (n=85), Yoruba in Ibadan, Nigeria (n=88), Colombians
in Medellin, Colombia (n=60), people with Mexican ancestry in Los
Angeles, California (n=59), and Puerto Ricans in Puerto Rico
(n=55). We also intersected the data with a panel of Native American
individuals (n=42) who were genotyped on the Affymetrix 6.0 platform. A total of 99,296 SNPs remained after pruning and merging.
Global proportions of EA, AA, or Native American ancestry per individual were determined using the ADMIXTURE algorithm.19,20
All 10,320 BioMe Biobank participants and panels were included
together in a single run with a putative ancestral population number
of k=3 and 5-fold crossvalidation (yielding a log likelihood of
0.59156).

APOL1 Genotyping and Imputation
In total, 4106 (3764 AA, 19 EA, and 323 H/LA) Biobank participants
were genotyped for three APOL1 variants (G1a rs73885319, G1b
rs60910145, and G2 rs71785313) using Luminex custom genotyping.
APOL1 G1/G2 genotype testing incorporates PCR and multiplex
allele speciﬁc primer extension with Luminex’s proprietary Universal Tag sorting system on the Luminex 100 xMAP platform. To
validate this genotyping method, we performed intra- and interassay variation studies that included 48 positive control and 10 negative control samples. Sanger sequencing was used to conﬁrm all of
genotypes called by the Luminex method. Among 58 representative
samples with all four haplotypes on G1 and G2 loci, the Sanger
sequencing results completely agreed with the APOL1 genotyping
results.
Because the APOL1 SNPs were not assayed on the chip, we used
the genome-wide Illumina OmniExpress array SNP data and the 1000
Genomes Project phase 1 panel to impute the three APOL1 genotypes
as implemented in SHAPEIT42 and IMPUTE243 without knowledge
of custom APOL1 genotyping results. Imputed genotypes were compared with typed genotypes in 4106 individuals (3764 AA, 19 EA, and
323 H/LA) for whom both were available, and there was .99% concordance in all groups (Supplemental Table 1).
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Statistical Methods
The intergroup differences in clinical characteristics were assessed
with logistic regression for binary traits and linear regression for
continuous traits. Variables that were not normally distributed (serum
creatinine and serum potassium) were log-transformed before
analysis. For the trait hemoglobin A1c, which had a distribution more
severely departing from normal, even after log transformation, intergroup
differences were assessed with the Wilcoxon rank-sum test.
The relationships between continuous variables and ancestral/
ethnic groups, genetic ancestry, and APOL1 variants were assessed
using linear regression with adjustment of age, sex, and percentage of
African ancestry. Additional covariates included BMI, SBP, DBP,
presence of diabetes, and smoking status (ever or never). The relationships between dichotomous variables and ancestral/ethnic
groups, genetic ancestry, and APOL1 variants were assessed with
logistic regression to allow adjustment for additional covariates.
Associations with APOL1 variants and covariates were assessed
with the recessive model (carriage of two copies of any variant versus
zero or one copy) using the Fisher exact test and logistic regression
with adjustment for the covariates.
All analyses were performed using STATA/IC, version 11. The
study-wide threshold for statistical signiﬁcance was set at 0.001 as a
conservative estimate on the basis of multiple testing.
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