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9 Regional Centers (RC) plus  
2 Analytical Institutes (AI) 
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(RC; Coordinating Centre)

Aachen (RC)
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Hannover (RC)
Heidelberg (RC)
Jena (RC)
München (RC) 
Würzburg (RC)

Regensburg (AI)
Innsbruck (AI)

Aims and Network

• Goal: Longterm observation of 
patients with chronic kidney disease

• Questions:
- Cause, course, consequences and  
complications of CKD 

- Causes of heterogeniety of disease
course (“stable“ vs “progressive“)

- Associations of  biomarkers with
clinically relevant endpoints



Team 

Regional Study Centres

Technical University of Aachen
Jürgen Floege, MD
Turgay Saritas, MD
Alice Groß, RN

Charité, Humboldt-University of Berlin
Elke Schaeffner, MD, MSc
Seema Baid-Agrawal, MD 
Kerstin Theisen, RN

University of Erlangen-Nürnberg
Mario Schiffer, MD
Markus Schneider, MD
Susanne Becker, RN
Ulrike Alberth-Schmidt

University of Freiburg
Anna Köttgen, MD, MPH
Ulla Schultheiß, MD
Frutzsina Kotsis, MD
Simone Meder, RN
Erna Mitsch, RN
Ursula Reinhardt, RN

Hannover Medical School
Hermann Haller, MD 
Rosemarie Hanna, MD

University of Heidelberg
Martin Zeier, MD
Claudia Sommerer, MD 
Methap Aykac, RN

University of Jena
Gunter Wolf, MD, MHBA
Martin Busch, MD
Rainer Paul, RN

Munich University (LMU)
Thomas Sitter, MD

University of Würzburg
Christoph Wanner, MD
Vera Krane, MD 
Antje Börner-Klein, RN

Study and data coordinating centre

University of Erlangen-Nürnberg 
Kai-Uwe Eckardt, MD (PI)
Heike Meiselbach, PhD
Anke Weigel
Hans-Ulrich Prokosch, PhD
Barbara Bärthlein, BSc
Andreas Beck, MSc

IMBIE Bonn
Matthias Schmid, PhD
Jennifer Nadal, MSc

Analytical centres

University of Erlangen-Nürnberg
Institute of Human Genetics
André Reis, MD; Arif B. Ekici, PhD

Innsbruck Medical University
Division of Genetic Epidemiology
Florian Kronenberg, MD

University of Regensburg
Institute of Functional Genomics
Peter Oefner, Wolfram Gronwald, PhD



Study Concept

Other
outcomes

Cardiovascular
complications, 

death

Kidney failure
(dialysis)

CKD

• Diabetes mellitus

• Hypertension

• Glomerulonephritis

• Vasculitis

• others

• Polycystic Kidney
Disease

?

?

?

5000 Patients
- CKD stage 3 (eGFR 30-60) or overt albuminuria
- under care of nephrologists

prospective follow-up (up to 10 years)

Biomaterials
- DNA
- Serum, Plasma
- Urine

Outcome

Eckardt et al., NDT 2011

Clinical Phenotype

?



Project Overview



To date 10 visits following baseline (BL), FU2, FU4, FU6, FU11 with biosampling

Recruitment and Follow-Up



Biobanking

Primäry
tubes

Aliquots

Serum > 35.400 ~ 56.000
Plasma > 30.000 ~ 80.000
Urin > 37.000 ~ 61.000
Total > 300.000

1 1 32

Erlangen

Central
Lab

GCKD
Biobank

Serum, plasma, urine, blood

frozen on site
on dry ice

• Biomaterial collection, on-site sample management    



Endpoints during Follow-Up

> 3300 patients have reached at least one endpoint
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German Chronic Kidney Disease Study 

• Concept and Structure

What have we learned ? 
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Cohort Composition

eGFR 30-60 
N = 4775

overt proteinuria
at eGFR > 60 

N = 442
Total

N = 5217
Age (yrs) 61.3 ± 10.9 46.3 ± 13.9 60.1 ± 12.0
Male gender 2870 (60.1) 262  (59.3) 3132 (60)

Kidney function measures
Serum creatinin (mg/dl) 1.56 ± 0.46 0.99 ± 0.3 1.51 ± 0.48
Serum cystatin C ( mg/l) 1.57 ± 0.48 1.05 ± 0.3 1.52 ± 0.49
eGFR (MDRD)  (ml/min x 1.73 m2) 44.1 ± 12.6 79.3 ± 21.4 47.1 ± 16.7
U-albumin / creatinine ratio
(UACR; mg/g) 39 (8-276) 624 (261-1338) 50.9 (9-392)

Renal biopsy 1094 (22.9) 272 (61.5) 1366 (26.2)
GN as dominant disease 745 (15.6) 233 (52.7) 978 (18.7)

Female
Male

Gen. population ESRD Titze et al., NDT 2014 



Baseline eGFR and Albuminuria

A1 A2 A3

< 30 mg/g
30-300 
mg/g > 300 mg/g

G1 > 90 0 1 2
G2 60-89 6 3 4

G3 a 45-59 20 8 6
G3 b 30-44 19 13 8
G4 15-29 3 3 4
G5 < 15 0 0 0

Proportions  of patients in different categories (%)

246 33 33 4Risk categories

Based on 

Levey et al., 
Kidney Int 2010

Titze et al., NDT 2014 



CVD Burden at Baseline 

• Coronary artery disease (20%)

• Cardiac valve replacement (2%)  

• Cerebrovascular disease (10%)   

• Peripheral vascular disease (9%)

• Heart failure (18-43%)

Risk factors

CVD CKD 
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Blood Pressure
CARdioVascular In Depth Assessment in Chronic Kidney Disease (CARVIDA)
substudy of the GCKD study; N=305 patients with CKD 

Office BP

< 140/90 > 140/90

24h

BP

< 130/80
CH

41%

WCUH

11%

> 130/80
MUCH

18%

SUCH

30%

Scheppach et al., Hypertension 2018

CH - Controlled Hypertension 
WCUH - White Coat Uncontrolled Hypertension
MUCH - Masked Uncontrolled Hypertension 
SUCH - Sustained Uncontrolled Hypertension 

 Office BP misclassifies in ~ 1/3 of cases
 All categories of hypertension are  associated with end organ damage  

(adjusted for clinical factors)  

N = 5217

Mean BP: 
139.5 / 79.3 mmHg

BP < 130/80: 26.5%

BP < 140/90: 52.1%

Titze et al., NDT 2014



Diet

Kaeseler et al., Europ J Clin Nutr 2021 

Food frequency questionnaire
European Prospective Investgation into Cancer and Nutrition (EPIC) 

3283/4754 participants of FU 2 (2012-14) returned (69.1%)

Development of CKD diet score based on KDIGO 
recommendations

?
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Prescribed Medication

0        2        4        6        8      10      12      14      16      18      20      22     24      26       28     30 

Number of Prescriptions

Mean: 7.6
Range: 0 - 30

N
(patients)

> 5 medications / day (polypharmacy): 80%
> 10 different medications / day: 20%

Schmidt et al., Clin Kid J 2019 
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Tabelle1

		N Medications		N patients		%

		0		50		1

		1		153		2.93

		2		293		5.62

		3		378		7.25

		4		379		7.26

		5		479		9.18

		6		496		9.18

		7		503		9.64

		8		545		10.45

		9		436		8.36

		10		401		7.69

		11		303		5.81

		12		235		4.5

		13		182		3.49

		14		125		2.4

		15		91		1.74

		16		60		1.15

		17		54		1.04

		18		24		0.46

		19		15		0.29

		20		11		0.21

		21		3		0.06

		22		4		0.08

		23		4		0.08

		24		0		0

		25		3		0.06

		26		0		0

		27		1		0.02

		28		0		0

		29		1		0.02

		30		1		0.02





Tabelle1

		



N Medications

N patients



Tabelle2

		



%



Tabelle3

		





		





		







Prescribed Medication – Top Twelve

Drug Class n %
Beta-Blockers (BB) 2875 55%
ACE-Inhibitors (ACE-I) 2721 52%
HMG-CoA-Reductase-Inhibitors 2490 48%
Loop-Diuretics 2022 39%
Ca Chanel-Blockers (Dihydropyridin type) 1983 38%
Platelet Aggregation Inhibitors 1942 37%
Vitamins 1821 35%
Ang II - Receptorantagonists (ARB) 1769 34%
Uric acid lowering drugs 1654 32%
Thiazides 1573 30%
Insulin and derivatives 1539 30%
Proton Pump Inhibitors (PPI) 1444 28%

Schmidt et al., Clin Kid J 2019 



Statin Prescription – Gap to Guideline  

Schneider et al., Kidney Int 2015 

New Guideline 2014:
Instead of LDL-“titration“ CVD risk- orientated therapy:
 All CKD patients > 50 yrs. should be treated
 CKD patients < 50 yrs. with add. risk factors should be treated

GCKD Baseline Application of new guideline

Age group With statin w/o  statin Additional condition 
required

Newly 
eligible for 

statin
Total

≥50 yrs
N=4224 (81%) 2196 2028 none 2028 4224

18-49 yrs
N=992 (19%) 277 715 add risk factors 130 407

Total 2473 2743 2158 4631
47 % 53 % 41 % 89 %

88% of patients > 50 yrs not yet treated with a statin have 10 year CVE risk > 7.5%  



Prescribed Medication

Kotsis et al., JASN 2021 

All active ingredients of self reported medications
extracted (ATC – Classification System); 
158 analyzed substances (reported by >20 patients)
41 drug groups

Metabolites quantified from spot urine samples
(Metabolon); 1487 metabolites in cleaned data set, 
including 90 drug metabolites

 108 medication metabolite pairs (MMPs)

• Higher than reported use of OTC analgesics

• High agreement between reported medication use
and measurement of drug and/or drug metabolites
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Tamm Horsfall Protein = Uromodulin

TAL

• Exclusively produced in the Thick Ascending Limb (TAL) 
of the kidney

• Most abundant protein in normal urine

• Involved in 
- salt transport
- protection against urinary tract infection and kidney stones

• UMOD gene involved in monogenic (ADTKD) and polygenic CKD 

• Primarily secreted into urine, but to a much smaller
extent also into blood



UMOD in Serum  

N=5143 GCKD participants; 4 yrs of Fu

sUMOD = marker of tubular function / mass (beyond eGFR)
Could low sUMOD also be a risk factor ?  

Steubl et al., CJASN 2020 Alesutan et al., Cardiovasc Res 2020 
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Educational Attainment and CV Outcomes

Winitzki et al., 
Kid Int Reports 2022 



Metabolic Syndrome

Pammer et al., J Int Medicine 2021 

3-Point MACE: CV death, ischaemic stroke, AMI
4-Point MACE: plus peripheral arterial disease events

6.5 yrs follow-up



Urine Metabolites 

amino acids

carbohydrates
cofactors and vitamins

lipids

peptides
nucleotides

xenobiotics
part. characterized

unknowns

Steinbrenner et al., AJKD 2021 

5087 patients

metabolites quantified from spot urine samples
(Metabolon); 1487 metabolites in cleaned data set

• 55 metabolites identified, the levels of which were
significantly associated with adverse kidney
outcomes (AKI, KF) and / or mortality over 4 yrs. 
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(Epi)Genetic Basis of GFR / UAC

Schlosser et al., Nature Commun 2021 

N = 33605 (GFR); N = 15068 (UACR)

Wuttke et al., Nature Genetics 2019 

N = 1.046.070

Xie et al., Nature Comm 2020
N = 3782 (cases); N = 9038 (controls)

Teumer et al., Nature Commun 2019 

N = 356.257; N = 192.168



GFR Decline

Kidney International 2021 N > 270.000BMJ 2019 

N = 5.459.014

gen. pop. studies



Genetic Basis of Lipid Metabolism

Graham et al., Nature 2021

N = 1.650.000

Di Maio et al., Genome Medicine 2020

N = 10.910



(Epi)Genetic Basis of Urate Metabolism

Tin et al., Nature Genetics 2019

N = 457.690; N = 334.880

Tin et al., Nature Commun 2021

N = 12.474; N = 5522



Risk Scores

Zacharias et al., AJKD 2022

N ~ 9 Millionen

N = 4915; N = 3063

Matsushita et al., EClinicalMedicine 2020
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