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Abstract
Recent breakthroughs in genomics have led to a critical reappraisal of factors once thought to
initiate common complex forms of kidney disease. The tenet that diabetes mellitus and
hypertension routinely initiate kidney disease whenever blood glucose concentrations or systemic
blood pressures reach critical levels for prolonged periods is falling from favor, although it
remains important to control hypertension and hyperglycemia to slow nephropathy progression
and prevent cardiovascular disease. Many patients with systemic diseases that may potentially
involve their kidneys never develop nephropathy. In addition, severe forms of several common
kidney diseases cluster tightly in families. This manuscript discusses the existence of differential
nephropathy susceptibility based on an individual's genetic make-up, in the context of
environmental exposures. Novel genetic analysis methods and recently identified major kidney
disease susceptibility genes are discussed, including novel perspectives for categorizing complex
forms of nephropathy based on the expanding spectrum of MYH9-associated disease. Genetic
screening, gene-environment and gene-gene interactions are also addressed.
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Introduction
The application of genomic methods to more accurately characterize chronic kidney diseases
(CKD) and end-stage renal disease (ESRD) was driven by the frequent absence of renal
histology in patients, coupled with the widespread recognition of familial aggregation of
diverse forms of kidney disease. The earliest reports of kidney disease clustering in families
with multiple members having diabetes mellitus were published 20 years ago.1,2 It has since
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been demonstrated that African Americans display more impressive familial aggregation of
ESRD than European Americans 3,4,5,6 and multiple causes of nephropathy may co-exist in
African American families.3,7 A population-based case-control study demonstrated that
socioeconomic status (SES) was not the sole cause of familial clustering of nephropathy 5
and a geocode analysis in nearly 24,000 incident ESRD patients confirmed the lack of effect
of community-level characteristics reflecting SES on familial aggregation of ESRD.8 It was
proposed that overarching renal failure susceptibility genes were present in select families,
particularly African American.3,9 Genetic susceptibility to nephropathy in affected family
members was postulated to be independent from systemic hyperglycemia and hypertension,
HIV infection and anti-nuclear antibodies.

Although hypertension is listed as the cause of ESRD in 35% of incident African American
patients (and nearly 25% of European American patients) in the United States Renal Data
Systems, genetic analyses are clarifying the role of mild to moderate high blood pressure in
initiation of nephropathy.10 Linear relationships are observed between blood pressure and
severity of kidney disease in the general community.11 However, this finding does not
appear to be reflective of the incident dialysis population. Questions exist as to the accuracy
of the diagnosis of hypertensive nephropathy 9,12,13,14,15,16 and marked ethnic differences
in the histology of this disease are reported.

Kidney biopsies in non-diabetic African American Study of Kidney Disease and
Hypertension (AASK) participants with low-level proteinuria and elevated blood pressures
revealed extensive focal global glomerulosclerosis, occasional segmental glomerulosclerosis
and wide-spread interstitial fibrosis.17 Non-nephrotic FSGS has also been reported in
patients with similar clinical presentations.18 The expected vascular changes, arteriolar
nephrosclerosis, thought to reflect high blood pressure-induced injury, failed to correlate
with systemic blood pressure in AASK.17 A subsequent report by Marcantoni et al. 19
revealed that European Americans given the diagnosis of hypertensive nephropathy had less
solidified glomerulosclerosis and interstitial fibrosis than African Americans and mean
arterial blood pressures were also not predictive of renal histology. The authors concluded
that different mechanisms contribute to development of what is labeled "hypertensive" renal
disease between ethnic groups and that genetic factors and intrinsic renal microvascular
disease might be present in African Americans. This concept was recently supported by the
failure of intensive hypertension treatment including with use of renin-angiotensin axis
blockers to halt progression of non-diabetic nephropathy in AASK participants.20 In
contrast, conventional cardiovascular disease risk factors including high blood pressure,
hyperlipidemia and smoking appear to make greater contributions to arteriolar
nephrosclerosis in European Americans given this clinical diagnosis, supporting a different
pathogenesis based upon ethnic group.21,22 As will be discussed, the non-muscle myosin
heavy chain 9 gene (MYH9) is associated with several etiologies of ESRD in African
Americans, including the disease historically labeled "hypertensive nephropathy" (focal
global glomerulosclerosis), as well as focal segmental glomerulosclerosis (FSGS) and CKD
in European Americans.

Genetic epidemiologic designs for identifying genetic risk factors
Genetic epidemiology is one of the most rapidly growing fields of epidemiologic research.
Nearly every human disease has a genetic component, from disorders such as cystic fibrosis
which are caused by specific genetic mutations, to complex diseases such as kidney disease,
which result from combinations of genes and/or exposures and lifestyles. The central
paradigm for the identification of genes that contribute to kidney disease involves a set of
questions and design/analytic strategies to answer those questions. First, is there evidence of
familial clustering? There must be evidence that some proportion of disease variation or risk

Freedman et al. Page 2

Semin Nephrol. Author manuscript; available in PMC 2011 March 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



is due to genes. This can be addressed through migration, familial aggregation, adoption and
twin studies, which aim to assess the heritability (the proportion of the phenotypic variation
that is due to additive genetic effect) of the disease. Heritability of kidney function traits,
such as estimated glomerular filtration rate (eGFR) and urine albumin:creatinine ratio
(ACR) have been estimated to be approximately 30–40%.23,24

One may also want to assess whether a particular risk model fits the disease patterns well.
Such studies are usually based on disease patterns among families, using a methodology
called segregation analysis.25 Evidence for major and minor gene effects in kidney disease
have previously been provided by segregation analyses of families with kidney disease.26,27

Once a genetic component to disease has been established, locating the disease gene in
question - the gene responsible for ESRD - becomes more challenging. This question can be
addressed with either linkage or association studies. These studies are usually dichotomized,
according to the design and type of genetic properties exploited by that design, into studies
for genetic linkage analyses and studies for genetic association analyses. Both of these
employ marker-based approaches (referred to as indirect genetic analyses), while genetic
association studies also encompass the study of candidate variants with previously known or
hypothesized function, referred to as direct genetic analyses.

Although linkage analyses of chronic kidney diseases have been conducted 28,29,30, the
detection of genes associated with kidney disease has been a daunting challenge especially
because the age of onset is late and the genes confer only modest risk. These two features of
renal disease, and in fact, of many other complex diseases, have limited the success of
traditional linkage analysis in localizing disease genes. Therefore, association-based
approaches have been suggested for identification of common alleles that confer modest risk
to complex late-onset diseases.31 The success of genome-wide association studies in
identifying susceptibility alleles for common diseases, including kidney quantitative
phenotypes, such as eGFR 32 in the past few years has advanced the field of genetic
epidemiology exponentially.

One specialized form of association study is called MALD (mapping by admixture linkage
disequilibrium).33 It is a highly-efficient method requiring only 1500–3000 markers,
compared to the much denser GWAS panels where at least 1 million markers are necessary.
The basic principle of mapping by admixture linkage disequilibrium is straight forward.
Although most human genetic variations exist across populations, some vary substantially
across populations. Thus, when mixing occurs between genetically heterogeneous
populations, the admixed offspring population inherits chromosomal regions of distinct
ancestry. This generates association among alleles that are informative for ancestry. Over
successive generations of random mating, initial association between linked loci, or linkage
disequilibrium, persists longer than association between unlinked loci. MALD exploits
admixture-generated linkage disequilibrium to map loci that explain phenotypic variation
between the ancestral populations. Figure 1 presents a schematic representation of MALD
analysis. The dark areas represent chromosomal segments from the parental population with
the higher frequency of the risk allele, e.g. African population. Due to mixing of populations
and recombination over several generations, originally large blocks of DNA from the
African ancestry have become incorporated in smaller segments throughout the
chromosome. Risk alleles that are inherited from the ancestral population are closely related
to nearby ancestral markers (i.e., in linkage disequilibrium). A comparison of cases with
ESRD and controls without disease will show an excess number of ancestral markers in
cases near the disease locus. The central hypothesis of a MALD analysis of ESRD is that
some susceptibility alleles are present at higher frequency in African than in European
Americans. Thus, the identification of ESRD susceptibility alleles is possible by screening
the genome in African Americans with ESRD, searching for regions of the genome where
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individuals with the disease have more (or less) African ancestry than their genome-wide
average.

In 2008, two independent studies utilizing the MALD method to identify genes for ESRD 34

and FSGS 35 successfully identified MYH9 as a susceptibility gene for kidney disease.

Family Investigation of Nephropathy and Diabetes (FIND) African American
MALD Results

Two recent publications demonstrate the strength of using MALD analyses in an enriched
admixed population with predisposition to ESRD, subsequently identifying the MYH9 gene
with progression to ESRD associated with kidney diseases other than diabetes.34,35 The
FIND MALD study was based on the strength of the epidemiological evidence from
population-based cohorts and clinical trial data among African Americans that progression
to ESRD occurred at a faster rate and resulted in higher burden of ESRD among those of
African ancestry compared to those of European ancestry.10,20

Furthermore, CKD progression to ESRD may occur via common pathways among diabetes-
and non diabetes-associated kidney diseases. Processes such as epithelial mesenchymal
transition, inflammation, and fibrosis lead to scarring of the glomerulus and
tubulointerstitium, resulting in decreased kidney mass and ultimately reduced kidney
function.36,37,38 These pathways may account for the variability in progression to ESRD
among different ethnic groups, and thus led to the hypothesis of the genetic susceptibility for
CKD progression.

The FIND African American MALD study was conducted among self-described African
Americans derived primarily from the eastern coast of the United States, with the majority
from Baltimore and surrounding regions. A total of 1,372 cases with ESRD and 806 non-
kidney diseased controls were recruited. Cases had renal replacement therapy with either
dialysis or a kidney transplant, as the phenotype was progression to ESRD. The partner
controls from similar environments had normal serum creatinine concentration without
albuminuria. The FIND MALD analyses revealed a significant genome-wide association
between excess African ancestry and non diabetes-associated ESRD (log of the odds [lod]
score 5.70) on chromosome 22q12, but not with diabetes-associated ESRD (lod score 0.47).
It was also determined that the much of the total excess risk for non diabetes-associated
ESRD in African Americans, compared to European Americans, was due to inheritance of
the African allele at the chromosome 22 locus, accounting for approximately 70% of the
prevalence of non-diabetes associated ESRD.

Further analyses demonstrated that MYH9 on chromosome 22 was the biological positional
candidate gene associated with ESRD. Fourteen single nucleotide polymorphisms (SNPs) in
MYH9 were genotyped. The 14 SNPs were all associated with non diabetic ESRD, with
odds of disease ranging from 1.17 to 3.10 (11 SNPs had highly significant p values as low as
4.33×10−9), but not with diabetes-associated ESRD. The causes of ESRD that were MYH9-
associated were primarily FSGS, HIV-FSGS and clinically diagnosed hypertension-
associated ESRD. All cases with FSGS and HIV FSGS (collapsing variant of FSGS) were
biopsy proven; however, biopsies were not available for all participants classified as having
hypertension-associated ESRD. The odds of ESRD did differ by the cause of non-diabetic
ESRD, with the highest risk for FSGS (rs482481 OR 4.34; 95% CI 2.61–6.07) and the
lowest for hypertension-associated ESRD (OR 2.32; 95% CI 1.77–3.03). The lower odds of
association with hypertensive ESRD may reflect heterogeneity for this phenotype. It is likely
that the hypertensive ESRD phenotype contains some individuals with unidentified FSGS/
focal global glomerulosclerosis, as well as some patients with primary vascular disease.
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Identification of MYH9 as the susceptible allele for non-diabetic forms of kidney disease
across a spectrum of diseases lends credence to the hypothesis that common pathways lead
to progression of nephropathy to ESRD.

MYH9 encodes the non muscle myosin IIA protein which is ubiquitous in the body. This
protein is responsible for maintaining cell structure and function, as it acts in concert with
actin. Glomerular, tubular and vascular cells all contain myosin; however, the glomerular
podocyte may be the site of action considering the association with FSGS and the
vulnerability of podocytes to conditions of stress. Recent murine studies of HIVAN
demonstrate that the expression of podocyte genes, such as MYH9, can be altered by
HIVAN conditions and may demonstrate gene-environment interactions that are necessary
for development of kidney disease.39 Although the specific pathogenic mechanism of
MYH9–induced genetic risk has not yet been established, a novel area of research that will
improve the understanding of CKD progression has developed.

Other MYH9-associated kidney diseases
After identification of the major MYH9 association with idiopathic FSGS, HIVAN, and the
disease historically labeled hypertensive nephropathy, the search for novel MYH9
associations and refinement of this spectrum of diseases began. The National Heart Lung
and Blood Institute (NHLBI) HyperGEN Study recruited European American and African
American sibling pairs concordant for mild-moderate hypertension, along with their
normotensive offspring. SNPs in the MYH9 E1 haplotype were only weakly associated with
albuminuria in African Americans, likely reflecting inclusion of small numbers with
intrinsic renal disease, without evidence of association in European American families.40

Patients with CKD-induced secondary hypertension were occasionally enrolled in
HyperGEN, as only presence of severe nephropathy (ESRD) was an exclusion criterion.
Despite enrichment for essential hypertension, the frequency of MYH9 risk haplotypes and
SNPs were similar to those reported in ethnically matched population-based controls not
enriched for hypertension in the initial studies. This supported the concept that MYH9 was a
nephropathy susceptibility gene that was unrelated to systemic hypertension.

This concept was solidified by a larger MYH9 association analysis in 696 African Americans
with putative hypertensive-ESRD recruited at the Wake Forest University School of
Medicine.41 Many cases lacked quantitative urinary protein excretion; however, all were
listed as having hypertensive ESRD by treating nephrologists. Although heterogeneous renal
disorders were likely to be included in this group, MYH9 demonstrated strong evidence of
association. The SNP rs5756152 had an odds ratio (OR) of 3.47 (p=2×10−10; recessive) and
the E1 haplotye OR was 2.23 (p=4.5×10−12; recessive). After adjustment for the E1
haplotype, independent associations were also detected for a second haplotype (L1) and
another SNP rs5756152. This confirmed strong association between MYH9 and postulated
hypertensive ESRD, as is seen in FSGS and HIVAN. It was likely that focal global
glomerulosclerosis was an MYH9-associated primary kidney disease, the disease historically
called hypertensive nephropathy. It was also possible that multiple MYH9 polymorphisms in
different genomic regions could be disease associated, as opposed to one causative SNP.

AASK enrolled African Americans in a clinical trial charged with determining the effects of
blood pressure lowering and medications in "hypertensive nephrosclerosis". Enrollment
criteria were felt to be diagnostic of this syndrome: non-diabetic subjects with moderate
CKD, proteinuria < 2.5 gm/day and high blood pressure. A small number of subjects
underwent kidney biopsy and the reviewing pathologists felt that hypertension was likely to
have caused the kidney disease. DNA from 497 AASK subjects was genotyped at 4 MYH9
SNPs, including rs4821481 in the E1 haplotype.42 Despite the small sample size, rs4821481
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was strongly associated in AASK cases (OR 1.63; p=6.5 × 10−5, recessive), with even
stronger association in the subset of 161 patients whose serum creatinine increased ≥ 3 mg/
dl during the study (rs4281481 OR 2.33; p=2.4 × 10−6 [recessive]; rs11912763 OR 2.69;
p=0.008 [recessive]; and rs1005570 OR 1.57; p=0.027 [recessive]). These results
conclusively demonstrate that MYH9 plays a major role in susceptibility to clinically
diagnosed "hypertensive nephrosclerosis", with increasing effect in those with progressive
kidney failure. Focal global glomerulosclerosis clearly belongs with FSGS (typified by
podocyte depletion) and collapsing FSGS (HIVAN with podocyte proliferation) in a single
spectrum of kidney disease. Like FSGS, global glomerulosclerosis is an inherited
podocytopathy; a primary kidney disease that develops independently from systemic
hypertension.

The Kopp et al. report failed to detect significant association between MYH9 and type 2
diabetes-associated ESRD (T2DM-ESRD) in African Americans, although OR for SNPs
associated with non-diabetic ESRD were greater than 1.0.35 Similar trends toward weak
association between T2DM-ESRD were also observed in FIND.34 A sample of 751 African
Americans with T2DM-ESRD recruited at Wake Forest was then evaluated. Significant
associations were detected with several MYH9 SNPs.43 Approximately 16% of cases of
clinically diagnosed T2DM-ESRD in African Americans are attributable to MYH9; however,
it remains unclear whether these individuals have FSGS and coincident type 2 diabetes or
classic histologic changes of diabetic nephropathy. Renal biopsy studies remain to be
performed. Many African Americans clinically diagnosed with T2DM-ESRD have close
relatives with non-diabetic form of ESRD, so FSGS may be common in these multiplex
families 3,7 and 20–30% of T2DM-ESRD cases are felt to be incorrectly classified when the
diagnosis is made solely on clinical grounds.44

Additional genes underlying non-diabetic ESRD and regulation of GFR
Despite the significant association between MYH9 and non-diabetic forms of ESRD, genetic
susceptibility from additional pathways appears likely. Other genes may initiate kidney
disease, interact with causative genes and vary in frequency and strength of association by
ethnic group. A recent meta-analysis of genome wide association studies discovered
additional genes associated with early forms of CKD. The meta-analyses contained 4
population-based cohorts in the CHARGE Consortium: Atherosclerotic Risk in
Communities (ARIC), Cardiovascular Health Study (CHS), Framingham Heart Study (FHS)
and Rotterdam Study (RS), in which the kidney disease phenotype was based on estimated
glomerular filtration rate (eGFR) derived from serum creatinine and cystatin C
concentrations.32 Early CKD was described as an eGFR (creatinine) < 60 ml/min/1.73 m2.
The initial discovery results were validated in 2 additional population-based cohorts: the
Age Gene/Environment Susceptibility-Reykjavik Study (AGES) and the Women’s Genome
Health Study (WGHS). Among the approximately 20,000 participants, there were a total of
2,388 cases with CKD. Six associated genes were identified across the spectrum of eGFR
and CKD phenotypes; then replicated in 21,466 participants including 1,932 cases with
CKD. Newly identified CKD genes included uromodulin (UMOD), shroom family member
3 (SHROOM3), spermatogenesis associated 5-like 1 - glycine amidinotransferase
(SPATA5L-GATM), jagged 1 (JAG1), stanniocalcin 1 (STC1) and cystatin C (CST). It
appears likely that the SPATA5L-GATM association reflects creatinine biosynthesis and CST
association reflects cystatin C biosynthesis, not renal functional decline. Associations with
these 6 genes, except for JAG1, did not replicate. Only UMOD had a significant association
(p<5 ×10−8) for the CKD and eGFR (creatinine) traits and a highly suggestive association
(p<4 ×10−7) among all 3 kidney disease phenotypes. The rs12917707 UMOD SNP was
associated with CKD at a genome-wide significant level with the T allele conferring a 20%
reduced risk of CKD (OR 0.80; p=2×10−12). This association was consistent across the
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strata of age, gender, hypertension, and diabetes status. UMOD encodes for the most
abundant protein in the urine, although its specific function is not well understood. This
novel discovery elucidates another pathway potentially leading to CKD. Additional genetic
effects were seen in the genes SHROOM3 and STC1, where the direction of effect was
consistent among the various CKD traits; however, these additional genes were not
significantly associated across all 3 CKD traits. Importantly, this study demonstrates that the
genetic effects for all of the significant loci explain only between 0.7% and 3.2% of the
variance in eGFR (depending on the marker) and the CKD prevalence ranged up to 12.1%
for those carrying all six risk alleles. The results suggested that additional genetic variants
influence CKD. This GWAS was important since it identified genes potentially associated
with the complex phenotype of CKD, as well as biomarkers defining the trait, and had the
ability to replicate across various CKD phenotypes in different populations.

Linkage analyses among 3 European cohorts demonstrated genetic regions on chromosomes
7p14, 9p21, 10p11, 11p15, 15q15-21, 16p13 and 18p11 that were significantly associated
with serum creatinine concentration.45 More detailed genotyping was not done to delineate
which specific genes were associated with kidney disease and linked regions do not appear
to overlap UMOD and SHROOM3, but did overlap with other candidate genes including
insulin-like growth factor binding protein 1 (IFGBP1) and the replicated diabetic
nephropathy gene engulfment and cell motility 1 (ELMO1) on chromosome 7.46,47,48

Further genome wide studies will be necessary to explore genetic effects in other
populations and ethnic groups.

A number of candidate gene analyses have been performed in CKD and non-diabetic forms
of ESRD. Most of these studies lacked replication in additional populations or known
causative variants associated with CKD. Recently, chromogranin A gene polymorphisims
(CHGA) have been associated with ESRD in 2 independent cohorts of African Americans
with hypertension-associated ESRD, compared to healthy controls.49 SNPs in the promoter
region and 3’ end were associated with twofold higher odds of kidney disease and lower
levels of the encoded protein catestatin were detected. The gene is specifically associated
with neurotransmission in the sympathetic nervous system and may play an important role in
blood pressure regulation, especially in African Americans.50 This study did not address
interactions between MYH9 and CHGA and future studies in African Americans will need to
adjust for MYH9 risk variants to detect additional genetic risk. Candidate gene analyses have
studied genes in plausible biological pathways such as the renin-angiotensin system, lipid
metabolism with APOE and inflammatory pathways, podocyte genes, all of which can lead
to kidney disease progression;51,52,53 however, all studies require confirmation in large
population-based studies to validate the magnitude and strength of association.

Future directions
The novel discovery of MYH9 and the validation in additional populations reflects a new
spectrum of kidney disorders and merits a new term of MYH9-associated nephropathies.
Related disorders in the African American population includes idiopathic FSGS, collapsing
FSGS (e.g., HIVAN), focal global glomerulosclerosis and likely some misclassified type 2
diabetic nephropathy. "Hypertensive (arteriolar) nephrosclerosis" and "hypertension-
associated ESRD" often reflects different disease processes in African Americans and
European Americans. It now appears that high blood pressure per se does not often cause
ESRD in young to middle aged non-diabetic African Americans with low level proteinuria.
20 These patients appear more likely to have hypertension secondary to the presence of
idiopathic focal global glomerulosclerosis.17 MYH9 is also strongly associated with FSGS
and CKD in European Americans 35 and Europeans45, respectively.
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Disease terminology would be improved if patients were genotyped and labeled as having
"MYH9-associated nephropathy" or "CHGA-associated nephropathy" and with improved
understanding of the roles of these genes in the pathogenesis of kidney disease. However,
widespread MYH9 screening for nephropathy susceptibility in African Americans does not
appear appropriate at present, even among those with high blood pressure. This relates to
high frequency of the major risk haplotype (at risk SNPs) which is present in 60% of
African Americans, 36% of whom are homozygous for two copies of the risk haplotype.
Given the high frequency in African Americans, it may be prudent to limit screening for
MYH9 risk alleles to close relatives of African Americans with FSGS and focal global
glomerulosclerosis in order to detect those at differential risk for subsequent nephropathy
and CKD progression. This might assist in determining which relatives are less likely to
develop nephropathy after kidney donation. However, studies of this type remain to be
performed.

The high frequency of MYH9 risk alleles in the general population reveals that "second hits",
either MYH9 gene-second gene or MYH9 gene-environment interactions, are likely
necessary for initiation of kidney disease. Clearly, the 36% of African Americans
homozygous for MYH9 E1 risk haplotypes will not develop nephropathy. It is estimated that
4–5% of African American MYH9 homozygotes develop idiopathic FSGS. In contrast,
approximately 20% of those with HIV infection and two E1 risk haplotypes will develop
HIVAN (personal communication, Dr. Jeffrey Kopp). This fivefold increase in nephropathy
risk due to HIV1 virus infection reflects an example of an additional environmental second
hit necessary to develop MYH9-related disease. Other non-HIV viral infections (and/or toxin
exposures) as well as additional MYH9 gene-gene interactions (e.g., podocin NPHS2 or
uromodulin UMOD) may interact with MYH9 to cause kidney disease in genetically
susceptible hosts. These areas remain under intense investigation.
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Figure 1.
Conceptual framework of Mapping by Admixture Linkage Disequilibrium (MALD) analysis
using a case-control design
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Table 1

Odds ratios (OR) for association in MYH9-nephropathy

Nephropathy type Cohort – Ethnicity OR (95% CI) P-value Ref

Idiopathic FSGS NIDDK/NCI – AA 4.65 (3.11–7.02)* 9 × 10−16 35

Idiopathic FSGS NIDDK/NCI – EA 7.66 (0.75–380.02)* 0.05 35

HIVAN NIDDK/NCI – AA 5.92 (2.89–12.85)* 7 × 10−8 35

Non-diabetic ESRD FIND – AA 3.10 (2.15–4.47)+ 1.5 × 10−9 34

Diabetic ESRD FIND – AA 1.51 (1.01–2.27)+ 0.04 34

Non-diabetic ESRD Wake Forest – AA 2.23 (1.78–2.80)* 4.5 × 10−12 41

Diabetic ESRD Wake Forest – AA 1.27 (1.04–1.56)* 0.02 43

[Serum creatinine] Eurospan -European continuous trait (n/a) 0.009 45

Urine ACR HyperGEN – AA continuous trait (n/a) 0.01 40

Urine ACR HyperGEN – EA continuous trait (n/a) 0.49 40

"Hypertensive CKD" AASK – AA 2.69 (1.30–5.58) + 0.008 42

AA = African American; EA = European American; ACR = albumin:creatinine ratio

*
reflects E1 haplotype;

+
reflects most associated SNP;

n/a = not applicable
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