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Abstract

Background -—Genetic factors that influence kidney traits have been understudied for low 

frequency and ancestry-specific variants.

Methods -—This study used imputed whole genome sequencing from the Trans-Omics for 

Precision Medicine project to identify novel loci for estimated glomerular filtration rate (eGFR) 

and urine albumin to creatinine ratio (ACR) in up to 12,207 Hispanics/Latinos. Replication was 

performed in the Women’s Health Initiative and the UK Biobank when variants were available.

Results -—Two low frequency intronic variants were associated with eGFR (rs58720902 at 

AQR, minor allele frequency [MAF] = 0.01, P=1.6 × 10−8) or ACR (rs527493184 at ZBTB16, 

MAF=0.002, P=1.1 × 10−8). An additional variant at PRNT (rs2422935, MAF=0.54, P=2.89 × 

10−8) was significantly associated with eGFR in meta-analysis with replication samples. We also 

identified two known loci for ACR (BCL2L11 rs116907128, P=5.6 × 10−8 and HBB rs344, P=9.3 

× 10−11) and validated eight loci for ACR previously identified in the UK Biobank.

Conclusions -—Our study shows gains in gene discovery when using dense imputation from 

multi-ethnic whole genome sequencing data in admixed Hispanics/Latinos. It also highlights 
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limitations in genetic research of kidney traits, including the lack of suitable replication samples 

for variants that are more common in non-European ancestry and those at low frequency in 

populations.
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Introduction

Urine albumin to creatinine ratio (ACR) and decreased estimated glomerular filtration rate 

(eGFR) reflect different dimensions of chronic kidney disease (CKD), i.e., kidney damage 

and reduced kidney function, respectively. Hispanics/Latinos have increased aged-adjusted 

prevalence of CKD demonstrated by increased ACR and/or decreased eGFR compared to 

non-Hispanic U.S. whites based on recent data from the Hispanic Community Health Study / 

Study of Latinos (HCHS/SOL)1. In HCHS/SOL, the prevalence of albuminuria and reduced 

eGFR was 14% and 3%, respectively, among individuals who were on average 41 year-old.

Genome wide association studies (GWAS) have uncovered novel loci for ACR and eGFR, 

although the number of identified loci for ACR is modest compared to other complex traits. 

Few studies have included Hispanics/Latinos for these CKD traits. In our recent work using 

GWAS approaches, we identified significant associations of ACR at the CUBN and the HBB 
genes, the later related to associations for the sickle cell variant rs334, which is present in 

Hispanics with African admixture2. Additional research using admixture mapping identified 

an Amerindian variant at BCL2L11 associated with ACR in HCHS/SOL Hispanics/Latinos3. 

For eGFR, 93 loci have been recently described in multi-ethnic GWAS meta-analyses that 

included approximately 23,000 Hispanics/Latinos4. Interestingly, there has been little 

overlap in loci identified for ACR and eGFR in both Hispanics/Latinos and in studies of 

individuals of European ancestry5.

Prior GWAS have assessed imputed genotypes using references from the 1000 Genome 

Project. The NHLBI Trans-Omics for Precision Medicine (TOPMed) project recently 

generated deep-coverage (mean depth 30x) whole genome sequencing (WGS) on over 

50,000 individuals from multi-ethnic studies, including 7.5% Hispanic/Latinos. This 

resource provides a large reference of common and low frequency genetic variants in diverse 

populations for high quality imputation in diverse populations. We used the TOPMed WGS 

haplotypes for a dense imputation of single nucleotide variants (SNVs) and small deletion/

insertions (indels) in the HCHS/SOL study6. This study reports findings from GWAS of 

eGFR and ACR in Hispanics/Latinos using this data. We attempted to validate associations 

from a recently published GWAS of ACR in the UK Biobank white British, which identified 

32 novel loci that have not yet been validated7.
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Methods

HCHS/SOL8 genotype and phenotype data are publicly available at the Database of 

Genotypes and Phenotypes (dbGaP) and can be accessed at https://www.ncbi.nlm.nih.gov/

gap, study accession phs000810. The freeze 5b TOPMed data used for imputation of WGS 

data is available at the dbGap, study accession phs001395. In order to minimize the 

possibility of unintentionally sharing information that can be used to re-identify private 

information in this single study, summary data of this study is available from the 

corresponding author upon reasonable request.

The study was approved by the institutional review boards (IRBs) at each field center, where 

all participants gave written informed consent, and by the Non-Biomedical IRB at the 

University of North Carolina at Chapel Hill.

Methods are included in the Supplemental Material.

Results

Data were available in 12,207 participants for eGFR and 11,688 for ACR. The mean age of 

participants was 46.1 years (standard deviation 13.9), 58.7% were women, 20.0% had 

diabetes and 28.0% had hypertension treated with medications. Mean eGFR was 96.6 

(standard deviation 18.9) ml/min/1.73 m2 and median ACR was 6.5 (interquartile 4.5–12.2) 

mg/g creatinine.

GWAS results

GWAS of eGFR and ACR showed little evidence for genomic inflation (λ=1,005 and 

λ=1.00, respectively). Quantile-quantile plots are shown in Supplemental Figure 1 and 

Manhattan plots for eGFR and ACR are shown in Supplemental Figure 2. GWAS of eGFR 

identified fifteen loci at P<10−7 (Table 1), including a significant association for a low 

frequency intronic SNV at the AQR gene (rs58720902, minor allele frequency [MAF]= 

0.01, P=1.6 × 10−8)(Figure 1A). Most of the SNVs/indels shown in Table 1 were low 

frequency variants and showed a large effect on eGFR. These variants were more commonly 

seen in non-European ancestry populations. For ACR, we identified twelve loci at P<10−7 

including two loci previously identified in admixture mapping (BCL2L11 rs116907128, 

P=3.5 × 10−8) and in a GWAS in HCHS/SOL (HBB rs344, P=8.4 × 10−11), in addition to a 

novel loci at ZBTB16 (P=1.1 × 10−8) (Table 2, Figure 1B). The HBB rs344 was also 

nominally associated with eGFR (P=5.0 × 10−3).

Replication of HCHS/SOL GWAS findings

We attempted replication of the SNVs independently associated with eGFR at P<10−7 in the 

Women’s Health Initiative (WHI) African Americans and Hispanics/Latinos guided by the 

allele frequency in ancestry specific datasets9, 10. Most of the low frequency/rare SNVs were 

not available for replication given the studies were imputed to the 1000 Genome Project 

reference panels. The significantly associated eGFR SNV at the AQR locus nominally 

replicated in WHI Hispanics (MAF=0.01, P=0.03). This SNV was more common in African 

ancestry (MAF=0.08) but the association was not significant (P=0.86) in WHI African 
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Americans. Although the direction of effect was concordant among discovery and 

replication samples, there was significant heterogeneity in meta-analysis (P= 1.4×10−5) 

(Table 1). The SNV at the PRNT gene, rs2422935, was nominally associated with eGFR in 

WHI Hispanics/Latinos but not in African Americans. However, the effect estimates were 

concordant in direction among HCHS/SOL, WHI Hispanics/Latinos and African Americans. 

In meta-analysis across HCHS/SOL and WHI samples, the association reached genome-

wide significance (P=1.4 × 10−8, P for heterogeneity=0.18). Among remaining SNVs 

present in at least one replication sample, meta-analyses of discovery and replication 

samples showed significant heterogeneity (P<0.05) and P-values were higher than those 

observed in the discovery sample.

For ACR, because there is no available data in Hispanics or individuals of African ancestry, 

we attempted replication for SNVs at P<10−7 using summary statistics from UK Biobank 

white British7. Five SNVs were available including two that were rare in the UK Biobank 

white British dataset. None of the SNVs replicated at nominal level and just three SNVs had 

concordant direction of effect between HCHS/SOL and the UK Biobank data.

Secondary analyses showed no differences in effect estimates within diabetes-strata for 

SNVs that replicated for eGFR or ACR (Supplemental Table 1).

Validation of previously reported ACR loci identified in the UK Biobank

We next examined the association for 46 loci recently reported in the UK Biobank by Haas 

et al7 and additional 32 loci reported by Teumer et al11 (both included the UK Biobank 

data), which have not been validated in independent studies. Replication criteria consider a 

nominal association (P<0.05) and consistency in direction of effects between our data and 

the UK Biobank. Six SNVs (five at novel loci) described by Haas et al. replicated: SNX17 
(P=1.7 × 10−7), HOTTIP (P=0.001); WIPF3 (p=0.005); CUBN (P=0.05); C10orf11 
(P=0.002) and ACTN1 (P=0.002) (Table 3). The most significant SNV at the known CUBN 
locus in our data was rs144250387 (P=1.9 × 10−6). Only three loci replicated from Teumer 

et al (KCNK5, rs1544935, P=0.003; OAF, rs508205, P=0.02; DPEP1 rs2460448, P=0.04) 

(Supplemental Table 2).

Discussion

In this genetic study of Hispanics/Latinos using multi-ethnic dense imputed WGS 

genotypes, we identified two novel loci for eGFR, a novel locus for ACR and replicated 

additional eight ACR loci identified in GWAS using the UK Biobank white British samples. 

Overall, the imputation of TOPMed SNVs allowed for identification of several associations 

for low frequency variants and those that are more common in non-European ancestry. 

However, our results also underscore the limitations of current genetic studies, including the 

lack of suitable replication samples for variants that are more common in non-European 

ancestry or are low frequency.

For eGFR, the AQR locus finding was driven by an intronic variant that is rare in European 

and Admixed Americans but it is a common variant in African Americans (Table 1). The 

association replicated in WHI Hispanics but not in African Americans. However, there was 
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significant heterogeneity in meta-analysis, with a larger effect on eGFR in Hispanics/Latinos 

than African Americans, suggesting potential differences by ancestry background. A recent 

study identified a SNV 1 kb downstream of AQR (rs3743121) associated with type 2 

diabetes in East Asians, although the sample size was very small12. Experimental 

knockdown of AQR in immortalized cells (HepG2) showed improved glucose uptake and 

insulin sensitivity with additional effects on glycogen synthesis and gluconeogenesis12. In 

our data, there was no difference in effect estimates by diabetes status at the AQR locus 

(Supplemental Table 1). However, the identified SNV was associated with a protective effect 

on eGFR, which mechanisms may include improvement in glucose metabolism. Further 

studies are needed to validate the association in Hispanics/Latinos. At the PRNT locus, an 

intronic variant was significantly associated with decreased eGFR in the combined discovery 

and replication samples. This variant is common across all populations and there is little 

knowledge on the function of the gene and its relation to kidney traits. The AQR and PRNT 
SNVs had little evidence for any regulatory function in in silico analysis.

Our GWAS of ACR identified a new locus at ZBTB16 driven by a rare variant that was not 

available in the UK Biobank for replication. We confirmed associations at the HBB gene 

(rs344 related to hemoglobin S or sickle cell trait) and the BCL2L11 gene, which we have 

been previously reported in this cohort2. We have shown that rs344 is associated with eGFR 

variation in our data, although at modest P-values. We also replicated eight loci initially 

reported in the UK Biobank for white British, including 5 that were novel: SNX17 
(intronic), HOTTIP (ncRNA intronic), WIPF3 (intergenic), C10orf11 (intronic) and ACTN1 
(intergenic)7. At the SNX17 locus, the SNV is an expression quantitative trait loci for 

SNX17 in GTEx muscle skeletal tissue. This gene has no known function related to kidney 

traits. HOTTIP produces a long RNA in antisense to the HOXA gene cluster, and regulates 

expression of HOXA genes. This locus has been identified in GWAS of blood pressure in 

individuals of African ancestry and in Hispanics/Latinos13, 14, but its relation to kidney 

disease is unknown. The intergeneic SNV at WIPF3 is an expression quantitative trait loci 

for WIPF3 in GTEx left ventricle. At least six SNVs identified in the UK Biobank were rare 

in our data and did not replicate in our study: rs189107782 (FRG1), rs55798132 

(LOC101927815), rs144994089 (AQP7), rs45551835, rs144360241 and rs141640975 

(CUBN). Three additional loci from a recent GWAS of ACR that included the UK Biobank 

replicated at modest p-values11. Overall, the number of ACR loci that we were able to 

validate from these previous studies was small.

Both albuminuria and eGFR are independently associated with cardiovascular mortality and 

progression to end-stage kidney disease15–17. Understanding their genetic determinants may 

offer opportunities for more targeted interventions to reduce these outcomes. Most GWAS 

studies of eGFR and ACR have included large number of individuals of European ancestry, 

and findings are driven by European populations. This may explain the lack of replication of 

some of the ACR findings from the UK Biobank, although Hispanics/Latinos have European 

ancestry admixture. Trans-ethnic studies with large samples of diverse populations and 

studies within a single diverse population such as this report are still needed to better 

characterize disease risk across and within populations. We and others have already shown 

that the study of admixed populations can identify population specific SNVs2, 18 or loci 

driven by SNVs with a higher allele frequency in one population14. In addition, we have 
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successfully fine-mapped loci to SNVs with evidence of functionality. For example, the 

SNV at the BCL2L11 locus, rs116907128, identified in our study of Hispanics/Latinos, is 

located within the promoter region of the gene in a region enriched for regulatory markers 

(DNAse I hypersensitive sites in human kidney cells and histone modification binding sites) 

which are strong evidence for its regulatory function. This locus replicated in recent analyses 

of the UK Biobank for ACR. However, the most significant SNVs at the region were either a 

low frequency SNV (rs183131780)7 or an intronic variant to ACOXL (rs2880119)11, and 

none of these variants showed evidence for functional regulation of nearby genes.

In summary, our GWAS of Hispanics/Latinos using multi-ethnic WGS imputed genotypes 

identified novel loci for eGFR and replicated published associations for ACR. This study 

provides evidence for gains in gene discovery and for identifying variants with regulatory 

function in a study of Hispanics/Latinos and when using dense imputed variant panels.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Regional plot for associations at the AQR gene on chromosome 15 for eGFR (A), and 

association at the ZBTB16 gene for ACR (B) in the HCHS/SOL discovery samples. X-axis 

shows the chromosome position and underlying genes in the region. The y-axis is the –log 

(p-values). Each dot is a SNV and the color indicates linkage disequilibrium (r2) with the 

best variant (in purple). Red horizontal line is the genome-wide association threshold.
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