SUPPORTING INFORMATION

Association of eGFR-related loci identified by GWAS
with incident CKD and ESRD
Supplementary Methods

1. Study specific details

1.a) incident CKD analysis

Atherosclerosis Risk in Communities (ARIC):  The ARIC Study is a prospective, population-based cohort of 15,792 adults, aged 45 to 64 years at the baseline visit (1987-1989). Participants were recruited from four US communities and underwent four standardized examinations approximately every 3 years [57]. Institutional review boards of participating institutions approved the study protocols. Serum creatinine was measured using a modified kinetic Jaffe reaction. Serum creatinine from visits 1, 2, and 4 were used to estimate eGFR and define CKD. Individuals with eGFR < 60 ml/min per 1.73 m2 at visit 1 were considered to have prevalent CKD and were excluded from the present study. Among individuals of European descent free of CKD at baseline, incident CKD was defined having a eGFR < 60 ml/min per 1.73 m2 at either visit 2 or 4 of the study.  

Cardiovascular Health Study (CHS): The Cardiovascular Health Study (CHS) is a population based longitudinal study of risk factors for cardiovascular disease and stroke in adults aged 65 years or older, recruited at four field centers (Forsyth County, NC; Sacramento County, CA; Washington County, MD; Pittsburgh, PA) [58].  A total of 5201 individuals of predominantly European ancestry were recruited in 1989-1990 from random samples of Medicare eligibility lists. Follow-up examinations including determination of serum creatinine were performed in 1989-1990 (n=5165), 1992-1993 (n=4049) and 1996-1997 (n=2954). The serum creatinine at baseline and at the last two follow-ups were used to define the longitudinal renal phenotypes. After exclusion of persons with non-European ancestry, coronary heart disease, congestive heart failure, peripheral vascular disease, valvular heart disease, stroke or transient ischemic attack or lack of available DNA at baseline, a total of n=2389 subjects with complete follow-up and genome wide data was available for the current analysis.

Serum creatinine was measured by a colorimetric method (Ektachem 700, Eastman Kodak). Covariates were obtained at baseline.

Cohorte Lausannoise (CoLauS)
Cohorte Lausannoise (CoLaus) is a population-based study aimed at assessing the prevalence and molecular determinants of cardiovascular risk factors in the Caucasian population of Lausanne, Switzerland 


[59] ADDIN EN.CITE . Participants in the study 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. 

The 6184 participants available at baseline (2003-2006) are being followed-up at 6 year (2009-2011). A total of 75 cases and 1767 controls for the CKD analysis had complete baseline, follow-up and genotyping data, with mean follow-up of 5.6 years.

Covariates were obtained at the baseline examination. Serum creatinine was measured by the Jaffe kinetic compensated method (2.9% – 0.7% maximum inter and intra-batch CVs) on fasting samples.

Framingham Heart Study (FHS)
The Framingham Heart Study began in 1948 with enrollment of the Original Cohort [60]. Enrollment of the second generation of participants, the Offspring Cohort, began in 1971 (5124 participants); the methodology and design has previously been described 


[61,62] ADDIN EN.CITE . In 2002, the Third Generation cohort was enrolled (n=4095) 


[63] ADDIN EN.CITE . Participants for the current study include individuals of European descent from the original cohort who attended cohort exam 15 (1977 to 1979) and exam 24 (1995 to 1998) [n=548], as well as participants from the offspring cohort who attended the sixth (1995 – 1998) and the eighth exams (2005-2008) [n=2234]. Incident CKD was defined as cases of CKD (eGFR <60 ml/min/1.73m2) present at exam cycle 24 (original cohort) and exam cycle 8 (offspring cohort) in individuals free of CKD at the earlier respective exam (i.e. exam 15 for the original cohort and exam 6 for the offspring cohort). In total 2523 participants had complete baseline and follow-up information, and were successfully genotyped for GWA analysis. Covariates were obtained at the index examination. Serum creatinine in FHS was measured using a modified Jaffé reaction. 
KORA cohorts

The KORA surveys for genetic research have been described in detail previously and were initiated as part of the MONICA (Monitoring of Trends of Cardiovascular Diseases) multi-center study 


[3,64] ADDIN EN.CITE . All participants of the KORA cohorts had a German passport and are of European origin. The third KORA survey (KORA S3) is a population-based sample recruited 1994/1995 from the general population of the South-German city of Augsburg and surrounding counties. A total of 1641 individuals from this survey with complete baseline and 10-year follow-up (KORA F3) information were successfully genotyped for GWA analysis. A total of 1498 subjects from the third KORA survey who had not been genotyped genome wide were included for de novo genotyping of the 16 SNPs. Of these, 1274 subjects had serum creatinine measured at both examinations (S3 and F3), and were thus available for the incident CKD analyses. 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. A subset totaling 1807 subjects with complete baseline and 7-year follow-up (KORA F4) was successfully genotyped for GWA analysis. A total of 1202 subjects from the fourth KORA survey without genome wide genotype data were included for de novo genotyping of the 16 SNPs. Of these, 1191 individuals had serum creatinine measured at both examinations (S4 and F4).

For the incident CKD analyses, only those with eGFR (60 ml/min/1.73m2 at the baseline examinations were considered; for the ESRD analyses, only those with eGFR (60 ml/min/1.73m2 at the follow-up examinations were considered. Covariates were obtained at the index examination. Serum creatinine in KORA F3 and F4 was measured using a modified kinetic Jaffé reaction. Serum creatinine in KORA S3 and S4 were measured using an enzymatic assay.

The Rotterdam Study

The Rotterdam Study is a prospective, population-based cohort study on determinants of several chronic diseases 


[65-67] ADDIN EN.CITE . Briefly, 10275 inhabitants of Ommoord, a district of Rotterdam in the Netherlands, who were 55 years or over, were invited to participate in this study and 7983 agreed to participate (78%). The baseline examination (1989-1993) was composed of a home interview and a visit to the research center for blood sampling and examination. A total of 5974 individuals were successfully genotyped for GWA analysis. Creatinine levels were measured for 4390 individuals at baseline and 4006 subjects at the third periodical visit (1997-1999). Serum creatinine was measured using a modified kinetic Jaffe reaction at baseline [68] and an enzymatic assay in the third periodical visit. Covariates were obtained at the baseline examination.

The Study of Health in Pomerania (SHIP)
The Study of Health in Pomerania (SHIP) is a longitudinal population-based cohort study conducted in West Pomerania, the north-east area of Germany 


[69,70] ADDIN EN.CITE . For the baseline examinations, a sample of 6.267 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. SHIP finally comprised 4,308 participants corresponding to a final response rate of 68.7%. 

Baseline examinations were conducted between 1997 and 2001. Between 2002 and 2006 all participants were re-invited for an examination follow-up, in which 3,300 subjects (83.5% of eligible persons) took part. The final population for the present study consisted of 3,084 subjects with complete GWAS and renal function data.
Covariates were obtained at the baseline examination. Serum creatinine levels were determined according to the Jaffé method.

1.b) ESRD analysis

ArMORR

ArMORR (Accelerated Mortality on Renal Replacement) is a prospective cohort study.  This study included 10,044 incident hemodialysis patients, who started chronic hemodialysis in 2004 or 2005, at any of 1056 dialysis centers operated by Fresenius Medical Care, North America (Waltham, MA) 


[71] ADDIN EN.CITE . All clinical data and blood samples were collected at the point of care. After routine tests were processed, residual blood samples of 2490 random subjects from the study were used for DNA extraction, establishing the ArMORR DNA Repository 


[72] ADDIN EN.CITE . These subjects with available DNA were initially included in the current study.  

After exclusion of non-Caucasian individuals and of DNA with less than 80% successfully genotyped SNPs, 1244 subjects were included for the current analyses.

CHOICE

The CHOICE (Choices for Healthy Outcomes In Caring for ESRD) study is a prospective cohort study of 1,041 adult dialysis patients enrolled between 1995 and 1998 from 81 U.S. dialysis clinics associated with Dialysis Clinic, Inc within a median of 45 days after initiation of dialysis (98% within 4.0 months), described previously [73].  Demographic data was collected through a self-administered questionnaire. Comorbid conditions such as hypertension (blood pressure >140/90 mmHg) and diabetes mellitus were abstracted from charts. DNA was available in 824 participants, and only individuals with self-reported Caucasian ethnicity were included in the present study. The study was approved by the Institutional Review Board at Johns Hopkins University School of Medicine, and participants provided written informed consent.

Mild to Moderate Kidney Disease (MMKD) Study

We examined at baseline 227 Caucasian patients between the ages of 18 and 65 years with non-diabetic CKD and various degrees of renal impairment. These individuals were recruited from 8 nephrology departments in Germany, Austria, and South Tyrol (Italy) as described earlier 


[74,75] ADDIN EN.CITE . The study was approved by the Institutional Ethic Committee and all participants gave their informed consent before inclusion in the study. 

The patients had stable renal function for at least three months before entry into the study. The primary cause of CKD was glomerulonephritis in 97 patients (biopsy-confirmed in 90), adult polycystic kidney disease in 37 patients, interstitial nephritis in 24 patients, other types of kidney disease in 43 patients, and unknown in 26 patients. Exclusion criteria were serum creatinine >6 mg/dL (531 μmol/L), diabetes mellitus of any type, malignancy, liver, thyroid or infectious diseases, nephrotic syndrome (defined as daily proteinuria >3.5 g/1.73 m2), organ transplantation, immunosuppressive treatment, allergy to ionic contrast media, treatment with fish oil or erythropoietin, and pregnancy. To avoid inter-observer differences, all patients were recruited by a single investigator who visited all participating centers. 

Of the baseline cohort, a total of 177 patients (78%) were followed prospectively until 2006. For the present analysis only those patients with progression of kidney disease to ESRD (n=81), defined as the need for renal replacement therapy, were considered. 

Laboratory procedures: Serum and EDTA plasma were taken after a 12h overnight fast. After low-speed centrifugation, samples were frozen and kept at -80°C prior to analysis. Antihypertensive medication (if present) was withheld on the day of the study in order to minimize interference with measurements of GFR. Patients were carefully instructed about the collection of a 24-hour urine sample for the determination of proteinuria. Measurement of serum creatinine and albumin as well as GFR by iohexol were performed each centrally in a single laboratory, to avoid interlaboratory differences in measurements. At this time the laboratory staff involved in the study was unaware of the patient's renal function. Serum creatinine (mg/dl) was measured using a Jaffe reaction standardized according to IDMS (Autoanalyzer Modular P from Roche Diagnostics GmbH, Mannheim, Germany). Cystatin C was measured by a nephelometric test from Dade Behring using a BN Prospec Nephelometer. GFR was determined by iohexol clearance: depending on the serum creatinine level, two to three blood samples were collected for the determination of GFR by the iohexol method [76] obtained after infusion of iohexol during the same visit in the outpatient department.
Family Heart and Kidney Study (FHKS)

The “Family Heart and Kidney Study” (FHKS) is an ongoing prospective multicenter cohort study that started in 2004 with the recruitment of the first patients. Its aim is to investigate the genetic variability of selected candidate genes influencing the HDL cholesterol and triglyceride metabolism as well as their influence on atherosclerotic complications in the high-risk group of hemodialysis patients. 

Until now 331 patients of European descent have been recruited from eight renal units in Austria (Innsbruck, Feldkirch, Wilhelminenspital Wien, Wien-Hietzing, St. Pölten, Pörtschach, Zams) and Germany (Mettmann) where they attend dialysis treatment on average three times per week. These patients are prospectively followed. Patients aged from 25 to 75 years being on dialysis treatment since at least four weeks but no longer than three years are being included in the study independent of the underlying kidney disease. Exclusion criteria are former organ transplantations and malignancy. 

Blood samples are taken after an overnight fast following the long dialysis time interval without having a serious disease during the last four weeks. We implemented a questionnaire survey to collect data to prevalent cardiovascular diseases and their risk factors, family history of cardiovascular disease as well as quality of life of the dialysis patients. The study was approved by the institutional ethics committees, and subjects gave written informed consent.

GENDIAN

GENDIAN (GENetics of DIAbetic Nephropathy) is a case control study of diabetic nephropathy in Caucasian subjects 


[77,78] ADDIN EN.CITE . Cases are prevalent patients on maintenance hemodialysis due to diabetic nephropathy (n=477), recruited from 30 dialysis centers in Southern Germany between August 1999 and January 2000, and n=99 patients with biopsy proven diabetic nephropathy. A total of n=639 controls not on renal replacement therapy were recruited from 2000-2001 (n=482) and from 2004-2006 (n=67) in a large diabetes clinic in Southern Germany (Diabetes Zentrum Mergentheim), and in 2007 (n=90) in outpatient clinics in the greater Regensburg region. Follow-up examinations were performed in 2007 in all controls except those recruited in 2007. For the current analysis, cases were defined as those with ESRD due to diabetic nephropathy, controls as those with eGFR(60ml/min/1.73m2 at the examination in 2007. After exclusion of n=24 cases and n=24 controls with missing DNA or < 80% successfully genotyped SNPs there remained n=453 cases and n=326 controls that entered the analyses.

Serum creatinine was measured using the CreaPlus enzymatic assay.

4D

The German Diabetes and Dialysis Study (4D study) methodology has previously been reported in detail 


[79] ADDIN EN.CITE . Briefly, the 4D study was a prospective randomized controlled trial (RCT), including 1255 patients with type 2 diabetes mellitus of European descent, aged 18–80 years, and on haemodialysis for <2 years. Between March 1998 and October 2002, patients were recruited in 178 dialysis centres in Germany. After a period of 4 weeks, patients were randomly assigned to double-blinded treatment with either 20 mg of atorvastatin (n = 619) or placebo (n = 636) once daily.  The primary study endpoint was a composite of death from cardiac causes, myocardial infarction (MI) and stroke, whichever occurred first.

For the current analysis, cases were defined as those with ESRD due to diabetic nephropathy. DNA for SNP analysis was available from 1148 patients.
SAPHIR-Study

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 of European descent: 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 [80]. 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) 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. 

Among the total of 1733 phenotyped participants, a total of 1714 had eGFR higher or equal than 60 ml/min/1.73 m2 (defined as having no CKD) and were used as control group for diseased populations such as the Family Heart and Kidney Study (FHKS) and the Mild to Moderate Kidney Disease (MMKD) Study.

Serum and urinary creatinine (mg/dl) was measured using a modified kinetic Jaffe reaction (CREA(, Roche Diagnostics GmbH, Mannheim, Germany); eGFR was calculated using the Modification of Diet in Renal Disease (MDRD) Study equation [49].  

Covariates were obtained at the index examination. Diabetes was defined as a fasting plasma glucose of at least 126 mg/dl (7.0 mmol/L) or treatment with a hypoglycemic agent. Hypertension was defined as systolic blood pressure of at least 140 mm Hg, diastolic blood pressure of at least 90 mm Hg, or pharmacologic treatment for hypertension.

KORA F3 and KORA F4

For the ESRD analysis, we performed de novo genotyping of the 16 eGFR-related SNPs in KORA F3 and KORA F4 samples without genome wide genotype data sets. Please see “KORA cohorts” in the incident CKD section above for further details on the KORA cohorts.
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