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Supplementary Table 1a-Genotyping and Imputation Information in CKDGen Consortium  

Study Name Array type Genotype 
calling 

QC filters for 
genotyped 

SNPs used for 
imputation 

No of 
SNPs used 

for 
imputation 

Imputation 

Imputation 
Backbone 

(NCBI 
build) 

Filtering of 
imputed 

genotypes 

Data management 
and statistical 

analysis 

AGES Illumina 370 
HuCNV 

Illumina 
Beadstudio 

call rate <95%, 
pHWE<10E-6 325094 

MACH 
version 
1.0.16 

HapMap 
release 22 
(build 36) 

none R 

Amish Studies Affymetrix 
500K 

BRLMM 

MAF < 1%,  non-
HapMap,call rate 

<95%, 
pHWE<10E-6 

338,598 
MACH 
version 
1.0.15 

HapMap 
release 22 
(build 36) 

none 
Measured genotype 

accounting for 
polygenic component  

ARIC  (Stage 1) Affymetrix 6.0 Birdseed 
call rate <95%, 

MAF<1%, 
pHWE<10E-5 

602,642 MACH 
v1.0.16 

HapMap 
release 21 
(build 35) 

none R, probABEL, PLINK 

ARIC (Stage 2) Affymetrix 6.0 Birdseed 
MAF <1%, call 

rate <95%, 
HWE<10E-5 

669450 
MACH 

Imputation 
(v1.0.16) 

HapMap 
release 22 
(build 36) 

none R, probABEL, PLINK 

Baltimore 
Longitudinal 
Study on Aging 

Illumina 550K 
version 3 

Illumina 
Beadstudio 

call rate <99%,  
MAF <1%,  

pHWE <10E-4 
501,764 

MACH 
version 
1.0.15 

HapMap 
release 21 
(build 35) 

r2hat<0.3 MERLIN 

Cardiovascular 
Health Study 

Illumina 
370CNV 

Illumina 
BeadStudio 

call rate <97%, 
heterozygotes=0, 

pHWE<10E-5, 
SNP not in 
HapMap 

306,655 BimBam 
HapMap 

release 21A 
(build 36) 

dosage variance 
<0.01 

R, robust variance 
option 

CoLaus Study Affymetrix 
500K 

BRLMM 
(Affymetrix) 

call rate <70%, 
pHWE<10E-7 390631 

IMPUTE 
version 
0.2.0 

HapMap 
release 21 
(build 35) 

none Matlab 

EPIC/cohort Affymetrix 
500K  BRLMM Call Rate<90%, 

pHWE<10e-6 382,037 
IMPUTE 
version 
0.3.1 

HapMap 
release 21 
(Build 35) 

none SAS, Stata, Linux 
scripts 

Fenland Study Affymetrix 
500K  

BRLMM 
call rate <90%, 
pHWE<10E-6, 

MAF<1% 
362,055 IMPUTE 

v0.4.2 

HapMap 
release 22 
(build 36) 

proper_info<0.4 LINUX Stata 10.1 
SNPTEST v1.1.5 

Framingham 
Heart Study 

Affymetrix 
500K  

Affymetrix 
50K 

supplemental 

Affymetrix call rate <95%, 
pHWE<10E-6 

503526 
MACH 
version 
1.0.15 

HapMap 
release 22 
(build 36) 

none R, GWAF 

GENOA Affymetrix 6.0 Birdseed-v2 call rate < 95%, 
pHWE <10E-6 

+/-50kb of 
target snps 

MACH 
version 

HapMap 
release 22 none PLINK, R 
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Supplementary Table 1a-Genotyping and Imputation Information in CKDGen Consortium  
1.0.16 (build 36) 

HABC 
Illumina 

Human1M-
Duo  

Illumina 
Beadstudio call rate < 97%, 914263 

MACH 
version 
1.0.16 

Hapmap 
CEU 

release 22 
build 36 

none R 

KORA F3 Affymetrix 
500K BRLMM 

per chip call rate 
<93%, MAF 

<5%,  
discrepancy for 

one of the 
50 SNPs 

common on both 
chips 

380407 
MACH 
version 
1.0.15 

HapMap 
release 22 
(build 35) 

none ProbABEL, R, SAS, 
Visual Basic 

KORA F4 Affymetrix 6.0 BRLMM 

per-chip call rate 
<93%, per-SNP 
call rate <93%, 

MAF<1%, 
gender checks 

629,893 
MACH 
version 
1.0.16 

HapMap 
release 22 
(build 36) 

none ProbABEL, R, SAS,  
Visual Basic 

KORCULA HAP370CNV Illumina 
Beadstudio 

call rate <98%, 
pHWE<10E-10 316730 

MACH 
version 
1.0.15 

HapMap 
release 22 
(build 36) 

none R 
GenABEL,ProbABEL 

MICROS 
(South Tyrol) 

Illumina, 
300K 

Illumina 
Beadstudio 

call rate <98%, 
MAF < 1%, 

pHWE<10E-6 
292,917 MACH 

v1.0.16 

HapMap 
release 22 
(build 36) 

none 

R, GenABEL, 
ProbABEL; 

details in Study-
Specific 
Methods 

Sorbs (Slavonic 
population from 
Eastern 
germany) 

Affymetrix 
500K; 

Affymetrix  
6.0 

500K:BRLMM 
algorithm 
Affymetrix 

6.0:Birdseed  

call rate <=94%, 
pHWE<10E-4 378513 IMPUTE 

version 1 

HapMap 
release 21 
(build 35) 

MAF>1%, 
HWE<10-4 SNPTEST 

SPLIT HAP370CNV Illumina 
Beadstudio 

call rate <98%, 
pHWE<10E-10 330997 

MACH 
version 
1.0.15 

HapMap 
release 22 
(build 36) 

none R(GenABEL, 
ProABEL) 

Study of Health 
in Pomerania Affymetrix 6.0 Birdsuite-V2 none 869224 Impute 

v0.5.0 

HapMap 
release 22 
(build 36) 

none 

SNPTEST v1.1.5, 
Quicktest 0.94, R, 

InforSense, 
InterSystems Caché 

MAF = minor allele frequency, pHWE = p value testing for deviation from Hardy-Weinberg equilibrium 
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Supplementary Table 1b-Genotyping information from the IBC Array in the CARe Consortium 

Study Name Overall 
number 
Genotyped 

Total Number of 
Samples Genotyped 
that Pass QC 

Data management and 
statistical analysis 

ARIC 15103 3029 African American;  
9588 Caucasians 

PLINK  

CARDIA 3490 1295 African American;  
1443 Caucasians 

PLINK  

CHS 5362 752 African American;  
3952 Caucasians 

PLINK  

FHS 8016 7556 Caucasians FHS R-LME/GEE 
JHS 2157 2036 African American PLINK 
MESA 6482 1612 African American;  

2298 Caucasian;  
637 Asians;  
1302 Hispanics 

PLINK 
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Supplementary Table 2 -  Lead SNP Association with Renal Traits in CKDGen Stage 1 and Stage 2 follow-up Meta-Analyses 

Trait SNP ID Chr position (b36) Genes Within 60 kb 

or closest gene* 

SNP function Coded 

Allele 

Frequency 

Coded 

Allele 

beta 

coefficent 

discovery** 

Trait 

Discovery 

P-value# 

Trait 

Replication 

P-value$ 

Trait 

Meta-

analysis 

P-value$ 

UACR            

Overall rs7576149 2 20789943 C2orf43, GDF7 intronic 0.1847 t -0.0594 2.2E-06 7.1E-01 2.1E-04 

Overall rs3734316 6 37705107 MDGA1 intergenic 0.1947 t 0.0543 2.3E-06 1.4E-01 5.2E-06 

Overall rs1801239 10 16959058 CUBN, RSU1 nonsynonymous 

missense 

0.9015 t -0.0835 3.0E-07 2.0E-02 4.0E-08 

No DM rs9372871 6 127849645 C6orf174 intronic 0.8907 t -0.0684 5.7E-06 6.8E-01 4.5E-04 

No DM rs2838520 21 44440324 ICOSLG;C21orf33; 

DNMT3L 

intergenic 0.3861 t 0.0462 1.2E-06 4.3E-02 5.0E-02 

MA            

Overall rs6829211 4 4601533 STX18 intergenic 0.6994 a -0.1401 5.5E-06 7.5E-01 6.9E-02 

Overall rs17319721 4 77587871 SHROOM3 intronic 0.4301 a -0.1279 1.9E-06 8.4E-01 1.1E-01 

Overall rs2635165 8 98365385 TSPYL5 intergenic 0.9184 t -0.2343 2.3E-06 6.1E-02 2.3E-04 

No DM rs850898 2 185921053 ZNF804A, FSIP2 intergenic 0.2635 a 0.1585 2.2E-06 2.1E-01 6.5E-01 

No DM rs7649382 3 34071517 PDCD6IP intergenic 0.6886 a -0.159 6.8E-07 6.3E-01 4.0E-02 

No DM rs13104825 4 186237102 HELT intergenic 0.6569 c -0.1465 2.4E-06 4.7E-01 1.9E-02 

No DM rs13160548 5 38814607 OSMR intergenic 0.6963 t -0.1811 1.1E-07 3.9E-01 3.4E-01 

No DM rs13215455 6 52847613 GSTA5;GSTA3 intergenic 0.6624 t 0.16 1.2E-06 1.0E+00 8.6E-02 

No DM rs4935985 11 126086026 KIRREL3 intronic 0.7782 a -0.1683 1.6E-06 4.3E-01 3.9E-01 

No DM rs13337289 16 75895552 ADAMTS18 intronic 0.1077 t 0.2441 3.2E-06 9.7E-01 1.9E-01 

No DM rs159782 20 4295347 ADRA1D intergenic 0.6971 a 0.1547 2.4E-06 4.6E-01 3.9E-01 

*Bold means the SNP is located within the gene, italics means closest genes if no gene with 60kb of SNP 

**Betas for MA from logistic regression and for UACR from general linear regression 

#p values from fixed effects model meta analysis 

$ p values for MA from fixed effects models; p values for UACR from sample size weighted analyses 
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Supplementary Table 3- Genome-wide Significant Loci: SNP Imputation Quality in CKDGen Stage 1 Cohorts (bold: genotyped SNPs used for imputation) 

 rs7576149 rs850898 rs7649382 rs6829211 rs17319721 rs13104825 rs13160548 rs3734316 rs13215455 rs9372871 rs2635165 rs1801239 rs4935985 rs13337289 rs159782 rs2838520 

AMISH 0.58 0.96 0.89 0.44 0.99 1.00 0.81 1.00 0.91 0.80 0.07 0.36 0.59 0.46 1.00 1.00 

ARIC 0.92 1.00 1.00 0.85 1.00 1.00 0.89 1.00 0.97 1.00 0.97 0.82 1.00 0.84 1.00 1.00 

BLSA 1.00 0.99 1.00 1.00 0.99 0.88 0.91 0.62 0.96 0.99 1.00 1.00 1.00 0.90 1.00 1.00 

CHS 1.00 0.97 1.00 1.00 0.72 0.72 0.92 0.37 0.68 0.91 1.00 0.64 1.00 0.49 0.98 0.97 

COLAUS 0.76 0.99 0.97 0.66 1.00 1.00 0.89 1.00 0.97 0.97 0.74 0.87 0.93 0.83 1.00 1.00 

EPIC 0.62 0.99 0.96 0.65 1.00 1.00 0.88 1.00 0.97 0.86 0.75 0.85 0.91 0.78 1.00 1.00 

FENLAND 0.64 0.99 0.96 0.73 1.00 1.00 0.88 1.00 0.95 0.90 0.75 0.88 0.93 0.79 1.00 1.00 

FHS 0.92 0.98 0.96 0.79 1.01 1.00 0.89 1.00 0.88 1.01 0.71 1.00 0.89 0.84 1.00 1.02 

KORAF3 0.69 0.97 0.99 0.63 0.96 1.00 0.90 1.00 0.92 0.96 0.69 0.58 0.91 0.74 1.00 1.00 

KORAF4 0.89 0.98 0.95 0.83 1.00 1.00 0.84 1.00 0.96 1.00 0.94 0.92 1.00 0.77 1.00 1.00 

MICROS 1.00 0.99 0.94 1.00 0.97 0.88 0.91 0.64 0.82 1.00 1.00 0.87 1.00 0.92 1.00 0.98 

SHIP 0.94 0.99 0.97 0.86 1.00 1.00 0.87 1.00 0.98 1.00 0.96 0.95 1.00 0.81 1.00 1.00 
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Supplementary Table 4 - Meta-analysis results of lead SNPs  across traits in CKDGen Stage 1
#
, CKDGen Stage 2, and CKDGen Stage 1 and 2 combined meta-analysis

$
 

          

  

UACR 

Overall 

  

  

UACR  

No Diabetes 

  

  

Microalbuminuria 

Overall 

  

  

Microalbuminuria 

No Diabetes 

  

SNPID Chr Position 

Coded 

allele 

Genes Within 60 

kb or closest 

gene* 

Stage 1  

P-value 

Stage 2  

P-value 

Combined 

P-value 

Stage 1 

P-value 

Stage 2    

P-value 

Combined 

P-value 

Stage 1 

P-value 

Stage 2 

P-value 

Combined 

P-value 

Stage 1   

P-value 

Stage 2  

P-value 

Combined 

P-value 

rs7576149 2 20789943 t C2orf43, GDF7 2.2E-06 7.1E-01 2.1E-04 4.0E-06 5.4E-01 1.6E-04 6.5E-02 2.9E-01 9.7E-02 1.2E-01 4.4E-01 2.2E-01 

rs850898 2 185921053 a ZNF804A, FSIP2 4.0E-02 9.0E-01 1.3E-01 1.6E-02 9.0E-01 1.0E-01 1.7E-04 4.1E-01 4.7E-01 2.2E-06 2.1E-01 6.5E-01 

rs7649382 3 34071517 a PDCD6IP 9.5E-02 6.2E-01 4.0E-01 4.6E-03 3.7E-01 1.6E-01 3.6E-05 4.4E-01 2.5E-02 6.8E-07 6.3E-01 4.0E-02 

rs6829211 4 4601533 a STX18 1.4E-02 6.1E-01 2.6E-02 1.4E-01 9.7E-01 2.0E-01 5.5E-06 7.5E-01 6.9E-02 1.4E-04 8.4E-01 2.0E-01 

rs17319721 4 77587871 a SHROOM3 1.7E-04 3.9E-03 7.0E-07 1.4E-04 4.1E-03 6.8E-07 1.9E-06 8.4E-01 1.1E-01 1.2E-05 7.9E-01 2.4E-01 

rs13104825 4 186237102 c HELT 1.2E-03 1.6E-01 1.4E-01 2.4E-04 1.7E-01 6.8E-02 1.4E-04 9.7E-01 1.3E-01 2.4E-06 4.7E-01 1.9E-02 

rs13160548 5 38814607 t OSMR 3.7E-03 8.3E-01 2.1E-02 1.2E-03 8.0E-01 1.3E-02 3.2E-07 2.0E-01 4.5E-01 1.1E-07 3.9E-01 3.4E-01 

rs3734316 6 37705107 t MDGA1 2.3E-06 1.4E-01 5.2E-06 1.9E-05 1.5E-01 1.5E-05 1.7E-04 8.3E-02 1.5E-03 1.3E-03 7.7E-02 4.4E-03 

rs13215455 6 52847613 t GSTA5;GSTA3 2.2E-03 2.8E-01 1.6E-01 1.0E-04 4.2E-01 3.3E-02 2.5E-04 8.1E-01 8.8E-02 1.2E-06 1.0E+00 8.6E-02 

rs9372871 6 127849645 t C6orf174 9.2E-03 5.1E-01 2.0E-02 5.7E-06 6.8E-01 4.5E-04 9.4E-03 1.5E-01 2.3E-02 5.3E-05 5.7E-01 6.8E-02 

rs2635165 8 98365385 t TSPYL5 2.6E-03 6.7E-01 3.7E-03 9.3E-03 7.9E-01 1.5E-02 2.3E-06 6.1E-02 2.3E-04 2.0E-05 2.6E-01 8.8E-03 

rs1801239 10 16959058 t CUBN, RSU1 3.0E-07 2.0E-02 4.0E-08 3.6E-04 2.4E-02 1.7E-05 8.7E-07 4.3E-01 1.0E-02 6.8E-04 7.9E-01 1.8E-01 

rs4935985 11 126086026 a KIRREL3 4.6E-02 9.4E-01 1.1E-01 6.8E-03 9.2E-01 3.7E-02 4.1E-04 7.9E-01 2.8E-01 1.6E-06 4.3E-01 3.9E-01 

rs13337289 16 75895552 t ADAMTS18 1.2E-04 2.1E-02 2.1E-01 5.9E-05 4.4E-04 6.0E-01 1.5E-05 4.5E-01 3.7E-02 3.2E-06 9.7E-01 1.9E-01 

rs159782 20 4295347 a ADRA1D 7.0E-02 6.7E-02 1.1E-02 1.5E-02 2.9E-02 1.5E-03 8.2E-06 7.1E-01 1.8E-01 2.4E-06 4.6E-01 3.9E-01 

rs2838520 21 44440324 t 

ICOSLG;C21orf33;

DNMT3L 3.8E-06 1.6E-01 2.2E-02 1.2E-06 4.3E-02 5.0E-02 2.6E-02 2.6E-01 8.4E-01 2.9E-02 3.3E-01 8.4E-01 

# bold indicates the trait and stratum with the lowest p-value in Stage 1 

*Bold means the SNP is located within the gene, italics means closest genes if no gene with 60kb of SNP 

$ p values from inverse variance weighted fixed effects model for microalbuminuria and all discovery analyses; p values from a sample size weighted Z score method for UACR 

Stage 2 and UACR combined 
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Statistical Methods 

An additive genetic model was used in all study-specific analyses. In single center 

studies, we adjusted for age and sex, whereas in multicenter studies further adjustment for 

study-center was performed to account for possible minor differences between recruiting 

centers. 

CKDGen and CARe Study-specific Genetic Association Analysis For cohorts 

consisting of only unrelated individuals, we performed linear regression for the quantitative trait 

UACR and logistic regression for the dichotomous trait microalbuminuria.  For family-based 

studies, we applied linear mixed effect (LME) models for UACR and logistic regression via 

generalized estimating equations (GEE) for MA to account for the familial relatedness.  

Due to different ethnic groups involved in CARe, principal components within each 

ethnicity in each study were created for use as covariates to adjust for population stratification, 

and used as additional covariates in regression analyses. 

Meta-analysis For the meta-analyses of UACR among CKDGen Stage 1 discovery or 

CARe discovery studies and for all meta-analyses with MA, we used the inverse-variance 

weighted fixed effect model for combining beta estimates.  Due to different scaling of UACR in 

CKDGen Stage 2 studies, we used the weighted Z-score method for the meta-analysis of these 

association results and for the joint meta-analysis of CKDGen Stage 1 and Stage 2 studies 

combined with the CARe studies. The weighted Z-score method combines the p-values 

weighted by study sample size and is therefore independent of the scaling of the quantitative 

parameter42 (METAL software, http://www.sph.umich.edu/csg/abecasis/Metal/index.html). 

Genomic control correction to guard against potential underlying population stratification was 

applied at the study-specific level and, again, for the meta-analysis results (see lambda values 

in Supplementary Figure 2).43 For quality control, study specific files were checked for plausible 

ranges of values and all analyses were performed in duplicate by two independent analysts. 

Only SNPs with minor allele frequency (MAF) >1% were considered for further analysis. 
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DCCT/EDIC  For the time to event outcome (see outcome section in Methods), two Cox 

proportional hazards models were run: 1) a simple model that included the following covariates: 

cohort status (primary vs. secondary), treatment (intensive vs. conventional) and 

cohort*treatment interaction (stratified by DCCT year of entry); 2) an extended model that 

included the covariates in the first model plus additional covariates measured at DCCT baseline: 

age of diagnosis squared, sex, diabetes duration squared, body mass index, blood pressure, 

triglyceride, HDL-C, total cholesterol, baseline smoking, as well as time-dependent updated 

mean hemoglobin A1C, and time-dependent indicators for hypertension diagnosis and 

treatment. The SNP effect was tested using a likelihood ratio test to compare models with and 

without the SNP included. 

Proportion of variance explained by locus The proportion of variance explained by a 

replicated locus was calculated using the formula “explained variance = 2*MAF*(1-

MAF)*((beta/SD)2)”, where beta is from the CARe meta-analysis, and the SD was obtained from 

the large ARIC cohort, separately for samples of European descent and for African Americans. 

 

Statistical software In CKDGen and CARe, statistical software used included Mixed 

Model Analysis for Pedigrees (MAPP) software, developed by Dr. J. R. O’Connell at University 

of Maryland, Baltimore, the R based GenABEL and ProbABEL44 

http://mga.bionet.nsc.ru/~yurii/ABEL/) software, SAS statistical package (version 9.1 for UNIX; 

SAS Institute, Cary, NC), MERLIN,45 Mach2 QTL 

(http://www.sph.umich.edu/csg/abecasis/MACH/), QUICKTEST v0.94 

(http://toby.freeshell.org/software/quicktest.shtml), GWAF (http://cran.r-

project.org/web/packages/GWAF/)46 and SNPTEST v1.1.5 

(http://www.stats.ox.ac.uk/~marchini/software/gwas/snptest.html). Imputation software included 

MACH (http://www.sph.umich.edu/csg/abecasis/MACH/), BIMBAM, or IMPUTE.  
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Study-Specific Methods 

CKDGen Stage 1 Cohorts 

Amish  The Old Order Amish individuals included in this study were participants of several 

ongoing studies of cardiovascular health carried out at the University of Maryland.  Participants 

were relatively healthy volunteers from the Old Order Amish community of Lancaster County, 

Pennsylvania and their family members,47,48 Examinations were conducted at the Amish 

Research Clinic in Strasburg, PA.  Study participants were enrolled within the 2000-2008 time 

period.  Using urine samples stored at – 80°C, and urinary albumin concentration was 

measured with a quantitative immunoturbimetric assay (Roche Diagnostics, Indianapolis, 

Indiana). Urinary creatinine was measured using a modified Jaffe method.  

 

ARIC The Atherosclerosis Risk in Communities (ARIC) Study started in 1987-89, when 15,792 

mostly African American and white participants were enrolled from four US communities and 

attended a baseline visit.49 The participants returned on average every three years for three 

additional study visits. For the current study in the CKDGen Consortium, participants were 

included if they were of Caucasian origin, successfully genotyped on the Affymetrix 6.0 array 

and had measurements of the imputed SNP rs1801239 as well as urinary albumin and 

creatinine available. There was no association between UACR and the first 10 principal 

components obtained using Eigenstrat;50 therefore, only adjustment for genomic control was 

used to account for potential population stratification.  For the current study in the CARe 

Consortium, 7687 self-reported white participants were genotyped on the IBC chip and data on 

rs1801239 genotypes and UACR available. In the self-reported African American participants, 

2010 were genotyped on the IBC chip and had data on rs1801239 genotypes and UACR 

available, and 1910 were genotype on the Affy 6.0 array and had imputed data on rs1801239 as 

well as the phenotype available. Urine samples were obtained at the fourth study visit (1996-

98), frozen within 12 hours and stored at -70 ˚C. Urinary albumin was measured by a 
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nephelometric method either on the Dade Behring BN100 or on the Beckman Image 

Nephelometer, and urinary creatinine was measured using the Jaffe method.51  The correlation 

coefficient between duplicate measurements of ln(UACR) on 516 samples was 0.95. The 

covariates used in the analyses were ascertained at the time of urine collection. Diabetes was 

defined as fasting glucose of ≥126 mg/dl (7.0 mmol/L), non-fasting glucose of ≥200 mg/dl (11.1 

mmol/L), self-reported physician-diagnosis of diabetes, or intake of diabetes medication.  

 

Baltimore Longitudinal Study on Aging The Baltimore longitudinal study on Aging (BLSA) 

study is a population-based study aimed to evaluate contributors of healthy aging in the older 

population residing predominantly in the Baltimore-Washington DC area.52  Starting in 1958, 

participants are examined every one to four years depending on their age. Currently there are 

approximately 1100 active participants enrolled in the study. Blood samples were collected for 

DNA extraction, and genome-wide genotyping was completed for 1231 subjects using Illumina 

550K.53 The analysis was restricted to subjects with European ancestry with urinary albumin 

excretion data (N=354) and each analysis was adjusted for the top two principal components 

derived from an EIGENSTRAT analysis utilizing ~10,000 randomly selected SNPs from the 

550K SNP panel.50 Urinary albumin and creatinine was measured in an aliquot of a 24-hour 

urine sample collection. Urinary albumin excretion was measured with nephelometry (Beckman 

Array System). Urinary creatinine was measured using a Vitros enzymatic assay (Johnson & 

Johnson Co., Rochester, NY).  

 

Cardiovascular Health Study The Cardiovascular Health Study (CHS) is a community-based 

longitudinal study of risk factors for cardiovascular disease and stroke in adults 65 years of age 

or older, recruited at four field centers (Forsyth County, NC; Sacramento County, CA; 

Washington County, MD; Pittsburgh, PA).54 5201 predominantly Caucasian individuals were 

recruited in 1989-1990 from random samples of Medicare eligibility lists, followed by an 
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additional 687 African-Americans recruited in 1992-1993 (total n=5888). A total of 1908 persons 

were excluded from the GWAS study sample due to the presence at study baseline of coronary 

heart disease, congestive heart failure, peripheral vascular disease, valvular heart disease, 

stroke or transient ischemic attack or lack of available DNA. African American participants were 

excluded from the CKDGen component of analysis since the other cohorts were predominantly 

Caucasian. Of remaining participants, 1865 underwent measurement of urine albumin and 

creatinine at the 1996-1997 CHS study visit and were included in this study. Urine was collected 

as a single morning void.  Urine albumin was measured by rate nephelometry using the Array 

360 CE Protein Analyzer (Beckman Instruments, Fullerton, CA). Urine creatinine was measured 

using a Kodak Ektachem 700 Analyzer (Eastman Kodak company, Rochester, NY).  

 

CoLaus The Cohorte Lausannoise (CoLaus) study is a population-based study aimed at 

assessing the prevalence and molecular determinants of cardiovascular risk factors in the 

population of Lausanne, Switzerland.55 Study participants (5,311) were randomly selected from 

the population register of Lausanne in 2003 (n=56,694, aged 35-75 years). All individuals were 

of Caucasian origin, defined as having both parents and grandparents born in a defined list of 

European countries. Baseline examination occurred in 2003-2006.  Urinary albumin 

concentration was measured with a Bromocresol green assay (inter- and intra-assay CV of 

2.5% and 0.4%, Roche Diagnostics, Basel, Switzerland). Urinary creatinine concentration was 

measured using a Jaffe kinetic compensated method, (inter- and intra-assay CV of 2.9% and 

0.7%, respectively).  

 

EPIC The EPIC Norfolk GWA cohort includes 2,566 participants randomly selected from the 

EPIC-Norfolk Study, a population-based cohort study of 25,663 men and women of European 

descent aged 39-79 years recruited in Norfolk, UK between 1993 and 1997.56 All participants 

attended a health check during which urine and blood samples were taken and health and 
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lifestyle questionnaires were completed.  The measurement of urinary albumin and creatinine 

concentrations has been described in detail before.57 A random spot urine sample was obtained 

during the health check. Urinary albumin concentration was measured by means of 

immunonephelometry using the Nephelometer II analyzer (Dade Behring, Marburg, Germany) 

(intra-assay CV [n=10] 2.91%). Urinary creatinine was measured by means of colorimetry using 

the Dimension AR Analyser (Dade Behring Marburg, Germany).    

 

Fenland The Fenland Study is an ongoing population-based cohort study (started in 2005) 

designed to investigate the association between genetic and lifestyle environmental factors and 

the risk of obesity, insulin sensitivity, hyperglycaemia and related metabolic traits in men and 

women aged 30 to 55 yrs. Potential volunteers were recruited from General Practice sampling 

frames in the Fenland, Ely and Cambridge areas of the Cambridgeshire Primary Care Trust in 

the U.K.  Exclusion criteria for the study were: prevalent diabetes, pregnant and lactating 

women, inability to participate including terminal illness, psychotic illness, or inability to walk 

unaided. Currently, the study comprises more than 3,000 participants of whom the first 1,500 

volunteers with complete anthropometric data were genotyped and included in the current 

analyses. All participants were measured at the MRC Epidemiology Unit Clinical Research 

Facilities in Ely, Wisbech and Cambridge. Participants attended after an overnight fast for a 

detailed clinical examination and blood samples were collected. Using stored urine samples, 

urinary albumin concentration was measured by means of immunonephelometry using the 

Nephelometer II analyzer (Dade Behring, Marburg, Germany) (intra-assay CV [n=10]: 2.91%). 

Urinary creatinine was measured by means of colorimetry using the Dimension AR Analyser 

(Dade Behring Marburg, Germany).    

 

Framingham Heart Study In 1948, the Framingham Heart Study was initiated with the 

enrollment of the Original Cohort.58  In 1971, enrollment of the Offspring Cohort was started 
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(5,124 participants); the design and methodology has been described.59,60. In 2002, enrollment 

began for the Third Generation cohort (n=4095).61  For the current study, participants are 

derived from the offspring cohort who attended the sixth examination (1995 - 1998), and 

individuals from the Third Generation first examination. We observed no association with UACR 

or MA with the 10 principal components estimated using Eigenstrat;50 therefore, we only used 

genomic control adjustment to account for potential population stratification.  Using stored urine 

samples, urinary albumin concentration was measured with a Tina-quant immunoturbimetric 

assay (intra-assay CV 7.2% for the Offspring cohort, Third Generation CV= 2.1%; Roche 

Diagnostics, Indianapolis, Indiana). Using a modified Jaffe method, urinary creatinine 

concentration was measured (intra-assay CV=2.3% for the Offspring cohort and 1.0% for the 

Third Generation cohort).  

 

KORA F3 and F4 The KORA surveys for genetic research have been described in detail 

previously62,63 and have been initiated as part of the MONICA (Monitoring of Trends of 

Cardiovascular Diseases) multi-center study. The third KORA survey (KORA S3) is a 

population-based sample from the general population of the South-German city of Augsburg 

and surrounding counties, recruited 1994/1995. A subsample consisting of 1530 individuals 

from this survey with 10-year follow-up (KORA F3) information and urine available was 

successfully genotyped. The fourth KORA survey (KORA S4) is a sample recruited 1999-2001 

independent from KORA S3 using the same platform with the same standard operating 

procedures and based on the same population. From the sample with a 7-year follow-up (KORA 

F4), 1803 subjects with complete urine information were available for the GWA analysis.All 

participants had a German passport and were of European origin.  Using stored urine samples, 

urinary albumin concentration in KORA F3 and KORA F4 was measured with a latex enhanced 

nephelometric assay (Siemens Healthcare Diagnostics) on a Dade Behring BN2 apparatus. 
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Urinary creatinine concentration was measured using an enzymatic method in KORA F3 and a 

kinetic Jaffe method in KORA F4.  

 

MICROS The MICROS study is part of the genomic health care program 'GenNova' and was 

carried out in three villages of the Val Venosta, South Tyrol (Italy), in 2001-2003. It comprised 

members of the populations of Stelvio, Vallelunga and Martello. A detailed description of the 

MICROS study is available elsewhere64. Briefly, study participants were volunteers from three 

isolated villages located in the Italian Alps, in a German-speaking region bordering with Austria 

and Switzerland. Owing to geographical, historical and political reasons, the entire region 

experienced a prolonged period of isolation from surrounding populations. Information on the 

participant’s health status was collected through a standardized questionnaire. Laboratory data 

were obtained from standard blood analyses. Urinary albumin-to-creatinine ratio (ACR) was 

measured on a point-of-care diabetes management platform (Bayer DCA 2000+ analyzer). The 

limits of detection (LODs) of the assay for albumin and creatinine assessment were of 5.0 mg/l 

and 12.0 mg/dl, respectively, with a consequent, wide range of left-censored values when 

calculating the ratio. In this situation, the assessment of microalbuminuria based on the 

thresholds defined in the Methods section was straightforward. However, a consistent analysis 

of individual ACR values was difficult to achieve and, given the very small sample size of the 

study, was not performed.  Covariates were obtained during the interview phase. Diabetes was 

defined as fasting serum glucose of at least 126 mg/dl (7.0 mmol/L) or self reported diabetes.  

 

The Study of Health in Pomerania The Study of Health in Pomerania (SHIP) is a longitudinal 

population-based cohort study conducted in West Pomerania, the north-east area of Germany. 

For the baseline examinations, a sample of 6267 eligible subjects aged 20 to 79 years was 

drawn from population registries. Only individuals with German citizenship and main residency 

in the study area were included. Selected persons received a maximum of three written 
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invitations. In case of non-response, letters were followed by a phone call or by home visits if 

contact by phone was not possible. The SHIP population finally comprised 4310 participants 

(response 68.8%). Baseline examinations were conducted between 1997 and 2001. Between 

2002 and 2006 all participants were re-invited for an examination follow-up, in which 3300 

subjects (83.5% of eligible persons) took part.65  A blood sample was drawn from the cubital 

vein in the supine position (the participants were non-fasting due to the duration of the 

cumulative examinations, 4-6 hours in total).  A urine sample was taken from spontaneous 

urine. The urinary albumin concentration was determined on a Behring Nephelometer (Siemens 

BN albumin; Siemens Healthcare, Marburg, Germany). The creatinine concentration in urine 

was determined using the Jaffe method on a Hitachi 717 (intra-assay CV 2.2%; Roche 

Diagnostics, Germany). 

 

CARe Consortium  

The CARe consortium (http://www.broadinstitute.org/gen_analysis/care/index.php/Main_Page)  

is a consortium of 9 studies (ARIC, CARDIA, CHS, Cleveland Family Study (CFS), Cooperative 

Study of Sickle Cell Disease (CSSCD), Framingham Heart Study, Jackson Heart Study, MESA, 

the Sleep Heart Health Study) funded by the National Heart, Lung, and Blood Institutes of the 

NHLBI.  CARe was instituted in 2006 in order to study candidate genes for cardiovascular 

disease and its risk factors, and to perform genome-wide association in African Americans.  

Methods for ARIC, CHS, and FHS can be found above. 

 

CARDIA:  Study design details of Coronary Artery Risk Development In Young Adults 

(CARDIA) have been previously published.66 Briefly, CARDIA recruited a cohort of young black 

and white adults, age 18-30 at the time of enrollment. From1985-1986 CARDIA recruited 

participants from four sites: Birmingham, AL, Chicago, IL, Minneapolis, MN, and Oakland, CA. 
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Follow-up examinations occurred at  Years 2, 5, 7, 10, 15, and 20 years. In the present 

analyses, we included whites and African Americans with measured urinary albumin and 

creatinine at the year 15 exam.  All study protocols were approved by the appropriate 

institutional review boards.  Albuminuria was measured from a spot sample. Albumin was 

assessed by nephelometry and creatinine was assessed using the Jaffe method. Urinary 

albumin and creatinine from Year 15 were reported as albumin to creatinine ratio in mg/g.   The 

CV for urinary albumin was 2.9%. 

 

Jackson Heart Study (JHS) The Jackson Heart Study is a single site longitudinal population-

based study. The sample consists of 5,302 African-American women and men selected 

between 2000 and 2004 (first visit) from the tri-county area encompassing Jackson MS.67,68 

DNA and consent for data sharing consistent with NIH guidelines were available for 3,443 

participants for the CARe consortium.  Using stored urine samples, urinary albumin 

concentration was measured using the human albumin kit (Dade, Behring,Newark, DE) on the 

Dade Behring BN II nephelometer. Biochemical testing for urine creatinine was performed at the 

University of Mississippi Medical Center Laboratory Reading Center by using a multipoint 

enzymatic spectrophotometric assay (Vitros CREA dry reaction slides on a Vitros 950 Otho-

Clinical Diagnositics analyzer, Raritan, NJ). CVs were 1.9-2.1% for urinary creatinine and 4.2-

5.4% for urinary albumin. 

 

MESA The Multi-Ethnic Study of Atherosclerosis (MESA) is a community-based cohort study 

designed to investigate the prevalence, correlates, and progression of subclinical cardiovascular 

disease.69 The MESA cohort is comprised of 6,814 adults of diverse race/ethnicity (38% 

Caucasian, 28% African American, 22% Hispanic, and 12% Chinese) from six U.S. regions: 

Forsyth County, North Carolina, Northern Manhattan and the Bronx, New York, Baltimore City 



18 

 

and Baltimore County, Maryland, St. Paul, Minnesota, Chicago, Illinois, and Los Angeles 

County, California. Participants ranged between 45 and 84 years of age and were free of clinical 

cardiovascular disease at the baseline examination, which was conducted from 2000 through 

2002. All data used for the analyses reported herein were collected at this baseline examination. 

Urine was collected from single voided specimens. Urine albumin concentration was determined 

by nephelometry using the Array 360 CE Protein Analyzer (Beckman Instruments, Inc., Drea, 

CA). Urine creatinine was measured using the Vitros 950IRC instrument (Johnson & Johnson 

Clinical Diagnostics, Inc., Rochester, NY).   Urinary creatinine was measured using the Vitros 

950IRC instrument (Johnson & Johnson Clinical Diagnostics, Inc., Rochester, NY) at the Clinical 

Chemistry Laboratory at Fletcher Allen Health Care (Burlington, VT).  Thin film technology is 

used to quantitatively measure creatinine via a colorimetric reaction.  The CV range is 2.5 – 

2.9%. Urinary albumin was determined using the Array 360 CE Protein Analyzer (Beckman 

Instruments, Inc., Drea, CA) at the Clinical Chemistry Laboratory at Fletcher Allen Health Care 

(Burlington, VT).  This system utilizes a nephelometer to measure the rate of light scatter 

formation resulting from an immunoprecipitation reaction.  

 

CKDGen Stage 2 In Silico Cohorts 

 

The AGES Study The Reykjavik Study cohort originally comprised a random sample of 30,795 

men and women born in 1907-1935 and living in Reykjavik in 1967.  A total of 19,381 people 

attended, resulting in 71% recruitment rate.  The study sample was divided into six groups by 

birth year and birth date within month.  One group was designated for longitudinal follow-up and 

was examined in all stages.  One group was designated a control group and was not included in 

examinations until 1991.  Other groups were invited to participate in specific stages of the study.  

Between 2002 and 2006, the AGES-Reykjavik study re-examined 5,764 survivors of the original 

cohort who had participated before in the Reykjavik Study.70  At the baseline visit, participants 
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were asked to bring in morning urine samples and albumin was measured on a fresh sample by 

Tina-quant® immunoturbimetric assay (intra-assay CV 7.2%); Roche Diagnostics, Mannheim. In 

these same samples Urine creatinine was measured using HiCo Creatinine Jaffe method (intra-

assay CV 4.2%) Roche Diagnostics Mannheim. 

 

ARIC Because additional genotype data became available during the course of this study, an 

additional 759 self-reported white ARIC participants were included in the Stage 2 CKDGen 

analyses. These individuals were not part of the discovery samples, did not have a first-degree 

relationship with any individual in the discovery sample, nor would they have been classified as 

an outlier based on allele sharing measures applied in data cleaning of the discovery sample. 

Albuminuria and covariate assessment and statistical methods are described above.   

 

DCCT/EDIC The Diabetes Control and Complications Trial (DCCT) was a clinical trial to 

compare conventional as compared to intensive insulin treatment with respect to the 

development and progression of complications related to type 1 diabetes. After closeout of 

DCCT, the majority of subjects have been followed-up in the Epidemiology of Diabetes 

Interventions and Complications (EDIC) study. The current study consists of 1,304 white 

participants who underwent genotyping on the Illumina 1M SNP chip.   Renal function was 

assessed at yearly visits in the DCCT and on alternate years (based on randomization in the 

DCCT) during EDIC. The assessment included measurement of urinary albumin excretion 

based on 4 hour timed urine collections. Antihypertensive medications including ACE inhibitors 

or angiotensin II receptor blockers were not discontinued. Urine albumin was measured by 

fluoroimmunoassay71 with coefficients of variation and coefficients of reliability of 14% and 95% 

respectively.72  Renal outcomes were as follows; time from DCCT baseline until:  1) Persistent 

microalbuminuria, defined as time to two consecutive albumin excretion rates (AERs) >30 

mg/24 h (>20.8 µg/min); 2) severe nephropathy, defined as the time to AER >300 mg/24 h 
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(>208 µg/min) with prior persistent microalbuminuria or end-stage renal disease.  For each 

outcome, two Cox Proportional hazards models were run:  1) a simple model that included the 

following covariates:  cohort status (primary vs. secondary, treatment (intensive vs. 

conventional) and cohort*treatment interaction (stratified by DCCT year of entry) 2) an extended 

model that included the covariates in the first model plus additional covariates measured at 

DCCT baseline: age of diagnosis squared, sex, diabetes duration squared, body mass index, 

blood pressure, triglyceride, HDL-C, total cholesterol, baseline smoking, as well as time-

dependent updated mean A1C, and time-dependent indicators for hypertension diagnosis and 

treatment. The SNP effect was tested using an additive model using a likelihood ratio test 

between models with and without the SNP included.  

 

GENOA The Family Blood Pressure Program (FBPP), established by the National Heart Lung 

and Blood Institute in 1996, joined existing research networks that were investigating 

hypertension and cardiovascular diseases 

(http://public.nhlbi.nih.gov/GeneticsGenomics/home/fbpp.aspx). One of the four FBPP networks 

is the Genetic Epidemiology Network of Arteriopathy (GENOA), which recruited hypertensive, 

Caucasian sibships for linkage and association studies to investigate genetic contributions to 

hypertension and hypertension-related target organ damage.73 Sibships containing at least two 

individuals with clinically-diagnosed essential hypertension before age 60 years were recruited 

from Rochester, Minnesota. After identifying each hypertensive sibship, all members of the 

sibship were invited to participate regardless of their hypertension status. Using stored urine 

samples, urine albumin and creatinine concentrations were measured by standard method on a 

Hitachi 911 Chemistry Analyzer (Roche Diagnostics, Indianapolis, IN) for GENOA participants.  

 

Health ABC The Health ABC study is a prospective cohort study investigating the associations 

between body composition, weight-related health conditions, and incident functional limitation in 



21 

 

older adults.  Health ABC enrolled well-functioning, community-dwelling black (n=1281) and 

white (n=1794) men and women aged 70-79 years between April 1997 and June 1998.  

Participants were recruited from a random sample of white and all black Medicare eligible 

residents in the Pittsburgh, PA, and Memphis, TN, metropolitan areas.  Genotyping was 

performed by the Center for Inherited Disease Research (CIDR) using the Illumina Human1M-

Duo BeadChip system.  Stored urine was assayed by Synarc Inc., Paris, France. Urinary 

albumin concentration was measured with a nephelometric method using a Nephelometer-

Analyzer (intra-assay CV 17.8%; BEHRING BNA, SIEMENS). Urinary creatinine concentration 

was measured using a modified Jaffe method (Colorimetric method) on a KONE 20 analyzer 

(intra-assay CV 15.4%; KONELAB).  

 

KORCULA The Korcula Study is a family-based, cross-sectional study on the Dalmatian island 

of Korcula.74 Fasting urine and blood samples and were collected from 969 healthy volunteers 

aged 18 and over from the villages of Lumbarda, Žrnovo, and Račišće on the Island of Korcula, 

Croatia in 2007. Over 200 health-related phenotypes and environmental exposures were 

measured in each individual.  Urinary albumin excretion was measured, in stored urine samples, 

by an utomated assay based on a turbimetric method with automatic calibration and quality 

control (Synchron CX System, Beckman Coulter).The analytical range is between 0.2 and 30 

mg/dL, and from 24 to 97mg/dL in the Manual ORDAC mode.  

 

SORBS All subjects are part of a sample from an extensively phenotyped self-contained 

population from Eastern Germany, the Sorbs.75 The Sorbs are of Slavonic origin, and lived in 

ethnic isolation among the Germanic majority during the past 1100 years. Today, the Sorbian-

speaking, Catholic minority comprises approximately 15,000 full-blooded Sorbs resident in 

about 10 villages in rural Upper Lusatia (Oberlausitz), Eastern Saxony. At present, about 1000 
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Sorbian individuals are enrolled in the study. Sampling comprised unrelated subjects as well as 

families. Mean IBD sharing in the pairwise comparison was 0.008, median < 10-6 (25% 

percentile <10-6, 75% percentile: 0.012). Extensive phenotyping included standardised 

questionnaires for past medical history and family history, collection of anthropometric data and 

a 75g-Glucose-tolerance-test. 877 subjects were available for the present study. Urinary 

creatinine was measured using an enzymatic method (Roche Inc), urinary albumin was 

measured by immunological turbidity test (Roche Inc).  Genomic control adjustment was used to 

account for potential population stratification and cryptic relatedness.   

 

SPLIT The Split Study is an ongoing population-based study in the city of Split in Croatia. 

Fasting urine and blood samples were collected from 535 healthy volunteers aged 18 and over 

from Split on the Dalmation coast in Croatia in 2008/2009. Over 200 health-related phenotypes 

and environmental exposures were measured in each individual.  Urinary albumin excretion was 

measured, in stored urine samples, by an automated assay based on a turbimetric method with 

automatic calibration and quality control (Synchron CX System, Beckman Coulter). 

 

CKDGen Stage 2 De novo Genotyped Cohorts 

De novo genotyping was performed in  8 cohorts, either on a MassARRAY system using 

Assay Design v.3.1.2 and the iPLEX™ chemistry (Sequenom, San Diego, USA) at the 

Helmholtz Zentrum in Munich, Germany (KORA F3, KORA F4, SAPHIR); or by using 5’ 

nuclease allelic discrimination assays on 7900HT Fast Real-Time Taqman PCR or OpenArray 

SNP genotyping Systems (Applied Biosystems, Foster City, CA, USA) at the Innsbruck Medical 

University (KORA F3, KORA F4, SAPHIR), the University of Maryland (AMISH), the St Olav 

University Hospital of Trondheim (HUNT-2), the Brigham and Women’s Hospital (NHS), and 

KBiosciences, UK (PREVEND); or as part of a larger panel of SNPs at the SNP technology 

platform at Uppsala University using the Golden Gate assay from Illumina Inc, USA (ULSAM). 
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For the obtained duplicate genotypes (2-18% of the subjects in each study), concordance was 

99.7-100%. Call rates ranged from 94-100% (mean 98.6%) across all studies and SNPs (mean 

99.2% for rs1801239 across all studies). The distribution of genotypes in all studies did not 

deviate from Hardy-Weinberg-Equilibrium (p>0.05), except for rs13104825 in the AMISH sub-

study (p=0.0007).  

 

Amish:  The participants from the Amish who were not part of the genome-wide association 

analyses served as replication samples. Methods for albuminuria assessment, covariates, and 

the statistical analysis are described above. 

 

KORA F3/F4: The subjects of KORA F3 and KORA F4 with available spot urine albumin und 

creatinine data who had not been genotyped genome wide as described under “discovery 

cohorts” were used as replication samples including 1392 and 1197 subjects from KORA F3 

and F4, respectively. Covariates were obtained at the index examination.  

 

HUNT 2:  The HUNT 2 study is a Norwegian large-scale general health study. From 1995-1997, 

all individuals residing in Nord-Trøndelag county aged 20-years were invited. The population is 

stable (net out migration of 0.3% per year) and ethnically homogenous (97 % Caucasians).The 

objectives, methods and participation in the HUNT 2 Study are described in detail elsewhere.76 

All participants gave an informed consent before the examination, and the study was approved 

by the Regional Committee of Ethics in Medical Research.   Of 92 939 subjects invited, 27 350 

did not respond. Thus, 70.6% of the entire adult population participated. Blood was obtained 

from all participants and frozen for later DNA extraction. A random 5% sample was also asked 

to deliver 3 urine samples; 75.6% returned all requested urine samples. Urine-albumin 

concentration in refrigerated urine samples was measured within 5-days using an 

immunoturbidimetric method (Dako A/S, Denmark; lower detection level 1mg/L). We defined 



24 

 

diabetes as non-fasting plasma glucose of at least 200 mg/dl (11mmol/L) or treatment with a 

hypoglycemic agent.  

 

Nurses Health Study (NHS)- NHS I began in 1976, when 121,700 female nurses aged 30-55 

years completed a detailed questionnaire pertaining to health-related information such as 

illnesses, medications, and lifestyle.  NHS II started in 1989, when 116,430 female nurses aged 

25-42 completed a similar questionnaire.  Since the start of the studies, these women have 

completed questionnaires to update health-related information every two years and detailed 

dietary questionnaires every four years. 

 The NHS participants in this analysis were part of a study of analgesic use and renal 

function, since we have urinary albumin and creatinine measured for this cohort.77  This sub-

study was approved by the Brigham and Women’s Hospital Institutional Review Board (IRB), 

and the use of this cohort for the current study was also approved by the IRB.  This sub-cohort 

included women who provided an initial blood sample in 1989 for NHS I (N=32,826) or a blood 

and urine sample in 1997 for NHS II (N=29,616) and returned a supplementary questionnaire 

about analgesic use in 1999 for NHS I (N=3876) and 1998 for NHS II (N=4024).  We wanted to 

mail a supplementary questionnaire to a subset of these women who were likely to have a high 

lifetime intake of analgesics and women who were likely to have low intake.  Therefore, we 

oversampled women who had reported high frequency of analgesic use (>15 days per month) 

on biennial questionnaires, and also women who reported no analgesic use on biennial 

questionnaires.  NHS I participants included in this study also submitted blood and urine 

samples in 2000 (N=3123).  This was the first urine sample for this cohort.  Due to financial 

constraints, 2712 women from NHS I and 1643 women from NHS II were selected for these 

analyses, with oversampling of those with the highest levels of lifetime analgesic consumption 

but including women of all levels of lifetime intake including low levels.  Women with a history of 
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cardiovascular disease or a history of cancer (except for non-melanoma skin cancer) in 1989 for 

NHS I and 1997 for NHS II were excluded from the initial blood collection.  However, women 

who developed cardiovascular disease or cancer after these dates were not excluded.  Urine 

albumin was measured by immunoassay using the Hitachi 911 analyzer and Roche Diagnostics 

reagents (Indianapolis, IN). Using blinded quality control samples, the coefficient of variation for 

this assay was 8%. Urine creatinine was measured using a modified Jaffe method (coefficient of 

variation 2%).78  Hypertension and diabetes were self-reported by mailed questionnaire. 

 

PREVEND- The Prevention of REnal and Vascular ENd stage Disease (PREVEND) study 

consists of residents ages 28 to 75 years (n=85,421) of Groningen, The Netherlands, who were 

invited to complete a questionnaire.  Overall, nearly half (47%) responded; individuals were 

selected to participate if they had a urinary albumin concentration ≥10 mg/L (n = 7,768); a 

control group was randomly selected if participants had a urinary albumin concentration < 10 

mg/L (n = 3,395).  The urinary albumin excretion (UAE) was measured as the average of two 

24-hour urine collections and was classified according to clinical classes.  Diabetes was defined 

as a fasting glucose level ≥126 mg/dL, nonfasting plasma glucose level ≥ 200 mg/dL, or the use 

of oral hypoglycemic agents.  

 

SAPHIR-The "Salzburg Atherosclerosis Prevention Program in subjects at High Individual Risk" 

(SAPHIR) is an observational study conducted in the years 1999-2002 involving healthy 

unrelated subjects: 641 females from 39 to 67 years of age and 1092 males from 39 to 66 years 

of age. Study participants were recruited by health screening programs in large companies in 

and around the city of Salzburg as described recently.79 All individuals were of West-Eurasian 

origin. Subjects with established coronary artery, cerebrovascular or peripheral arterial disease, 

congestive heart failure, valvular heart disease, chronic alcohol (more than three drinks a day) 
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or drug abuse, severe obesity (BMI>40kg/m²) and pregnant women were excluded. Informed 

consent was obtained from each participant. At baseline all study participants were subjected to 

a comprehensive screening examination. A detailed personal and family history was assessed 

via standardized questionnaires. A physical examination included measurement of 

anthropometric parameters such as weight, height, waist circumference and percentage body 

fat. Blood samples were collected after an overnight fasting period. Urinary creatinine (mg/dl) 

was measured using a modified kinetic Jaffe reaction (CREA, Roche Diagnostics GmbH, 

Mannheim, Germany); Urinary albumin concentration (mg/l) was determined using the Tina-

quant assay (Roche Diagnostics GmbH, Mannheim, Germany).  

 

ULSAM The Uppsala Longitudinal Study of Adult Men (ULSAM) was initiated in 1970. All 50-

year-old men who were born between 1920 and 1924 and were living in Uppsala, Sweden, were 

invited to participate in a health survey that focused on identifying cardiovascular risk factors (n 

=2322), as described in detail at www.pubcare. uu.se/ULSAM.80 The present analyses are 

based on the third examination cycle of the ULSAM cohort, when participants were 

approximately 71 years of age (baseline 1991 to 1995).80,81 Of the 1221 participants who 

attended this reinvestigation, 1027 had available DNA and valid measurements of urinary 

albumin excretion rate.  Urinary albumin excretion rate (UAER) was calculated on the amount of 

albumin in the urine collected during the night. The subjects were instructed to void immediately 

before going to bed and to record the time. All samples during the night and the first sample of 

urine after rising were collected and used for the analysis. The assay employed a commercially 

available radioimmunoassay kit (Albumin RIA 100, Pharmacia, Uppsala, Sweden). Covariates 

were obtained at the time of albuminuria collection.  
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Supplementary Figure Legends 

 

Supplementary Figure 1: Genome-wide -log10 p-value plot from Stage 1 analyses of 
microalbuminuria from participants of European ancestry in the CKDGen Consortium (Panel A) 
and the CARe Consortium (IBC chip analyses, Panel B) 

Supplementary Figure 2: Quantile-quantile plots of observed vs. expected -log10 (p-values) 
from CKDGen discovery analyses of UACR (Panel A) and microalbuminuria (Panel B). 

Footnote: λmeta represents the genomic control parameters after discovery meta-analysis, and 
the λ for the individual studies is reported next to each trait. The graphs present p-values 
corrected for inflation at the study-specific level before meta-analysis as well as after meta-
analysis for the meta-analysis genomic control parameter (if λmeta>1). No correction was applied 
to data from studies with λ<1. NA denotes phenotype unavailability. Black: results from meta-
analysis, orange: null hypothesis. 

Supplementary Figure 3: Forest plot showing the effect estimates (beta) for the association of 
rs1801239 with UACR across CKDGen and CARe cohorts of European (Panel A) and African 
American (Panel B) descent. 

Footnote: The minor allele C is the effect allele. For ARIC, FHS and CHS (European descent) 
the effect estimates are shown using the directly genotyped data from the IBC chip. The square 
size reflects the relative cohort size. The error bars show the 95% confidence interval. 

Supplementary Figure 4: Flow chart showing the overall study design. 
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