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« 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
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 Diabetes mellitus
* Hypertension
» Glomerulonephritis

* Polycystic Kidney
Disease

* VVasculitis

 others

Eckardt et al., NDT 2011

Study Concept

5000 Patients

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

Kidney failure
(dialysis)

. outcomes .

Cardiovascular
complications,
death

Clinical Phenotype
Bi ial
_Iljc[)\lrzaterlas <m=»  Outcome

- Serum, Plasma
- Urine

prospective follow-up (up to 10 years‘
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Planning

Project start

Recruitment

2013 2014 2015 2016 2017 2018 2019

Project Overview

2021

Follow Up Continued evaluation

follow-up possible

Approval of study extension (Ethics committee, reconsent)

Phase | today
Patient consent 5217 3144 (active participants)
Funding
Public 6 B
Pharma é - e
Biotec ® o eeeeees
Study visits ongoing
BL FU1 FU2 FU3 FU4 FUS5 FU6 FU7 FU8 FU9 FU10 FU11 FU12
4
in person (with biomaterials) 100% - 81% 3% 61% 1% 58% - - - - 1% _ 7’
Telephone interview - 94% 10% 83% 20% 72% 13% 67% 65% 62% 46% 12% -
—
Scientific value e _EE—_EEEE_ L, e, EE—————_————
Publications per year (n) 1 1 0 6 5 7 11 13 12 12
cum. Impact Factor 45 1.9 0 28 56.3 739 85.7 1459 90.1 1104
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Recruitment and Follow-Up

Dec 2021
/ Left study: N= 408 (7.8%)

Loss to follow-up: N= 177 (3.4%)
Death: N= 1147 (22.0%)

/ IC after FU10 not extended: N=566 (10,9%)
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To date 10 visits following baseline (BL), FU2, FU4, FU6, FU11 with biosampling




()7 Biobanking

GCKD

« Biomaterial collection, on-site sample management

Primary
tubes

b A 177 | e | . Serum >35400  ~ 56.000

OVLORLOTCTCE
- 5 A

P UK Erl. Tel.:09131/85-33064 <
3 GCKD-ST-> HU-GE ™

vl 19931{;?0;% Plasma >30.000 ~80.000
o I “< Urin >37.000 ~61.000
Total > 300.000

Erlangen

Central GCKD
Lab Biobank
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BL + 9.5 years
BL + 8.5 years
BL + 7.5 years
BL + 6.5 years
BL + 5.5 years
BL + 4.5 years
BL + 3.5 years

BL + 2.5 years

10/2021

Endpoints during Follow-Up

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

GCKD

» Concept and Structure

What have we learned ?
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« Concept and Structure

* Characteristics of a CKD population

* Opportunities

* Medication — good adherence despite high numbers
* Insights into pathomechanisms

* Risks for poor outcomes

* Contributions to large(r) efforts
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Cohort Composition

overt proteinuria
eGFR 30-60 at eGFR > 60 Total
N = 4775 N =442 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 m?2) 441 +£12.6 79.3+214 471 +£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)
Male
Female

Gen. population ESRD Titze et al., NDT 2014



Baseline eGFR and Albuminuria

Proportions of patients in different categories (%)

A1 A2 A3

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

G1 > 90 0 1 2
G2 60-89 6 3 4
G3a 45-59 20 8
Based on G3b 30-44 19
Levey et al., G4 15-29
Kidney Int 2010 G5H <15

Risk categories 6 24 33 - -

Titze et al., NDT 2014
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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

CKD
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N = 5217

Mean BP:
139.5/79.3 mmHg

BP < 130/80: 26.5%

BP < 140/90: 52.1%

Titze et al.,, NDT 2014

Blood Pressure

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

Office BP 40+
< 140/90 > 140/90 204
+16.6
CH WCUH S {+11.2 {+9.4 {
< 130/80 = 0deiimei
24h 41% 1% -
> +
BP MUCH 20-
> 130/80
18%
-40 '

CH - Controlled Hypertension CH WCUH MUCH  SUCH

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

(adjusted for clinical factors)

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

Scheppach et al., Hypertension 2018
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Eurogeean Murnal of Chinical Nutrison (2021) 75:1389-1397
s/ dolosg /101 03854145 0H020-00 549-3

Diet

ARTICLE

Mutrition in acute and chronic diseases

Low adherence to CKD-specific dietary recommendations associates
with impaired kidney function, dyslipidemia, and inflammation

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

kst
Cpasm

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

Development of CKD diet score based on KDIGO

recommendations

Component 1 Point 2 Points 5 Points
Sodivm/1000 keal  =1.22¢ 1.1-1.22 g <(.88 g

2 Potassium/ <l.13g 1.13-1.24 ¢ =153 ¢g

. 1000 keal
Fiber/1000 kcal <142g 742-8.59¢ =1l.lg
Total protein/ =39.82g  36.08-39.82¢g 33.14-36.07 ¢ 30.04-33.13 ¢ <30.04 ¢
1000 keal
Sugar/1000 kcal =6491g  53.67-64.90¢g 44.85-53.66¢ 36.11-44.84 ¢ <36.11 g
Cholesterol/ =>1839mg 164.73-1839mg 147.62-164.72mg 12795-147.61mg <127.95mg

1000 kcal

Table 3 Associations between adherence to CKD-specific dietary
recommendations and characteristics of participants of the German
Chronic  Kidney Disease (GCKD) observational cohort study
2012-2014 as obtained from multivariable ordinal regression.

Effect

OR" (95 % CI)

Age (per 1-5D increase)
BMI (per 1-5D increase)
Gender (male vs. female)
Smoking (vs. non-smoker)
Smoker
Former smoker
Alcohol (23x/week vs. <1-2x/week)
Physical activity for 30 min (vs. >5x/week)
<l x/week
1-2x/week
3-S5x/week
German school education (vs. =12th grade)
<0th grade
10th grade
Diabetes mellitus (yes vs. no)
e¢GFR (per 1-5D increase)
UACR (per 1-5D increase)
Intake of lipid-lowering medication
Intake of anti-hypertensive medication
Intake of anti-gout medication

Kaeseler et al., Europ J Clin Nutr 2021

0.78 (0.72. 0.85

1.14 (1.06, 1.23
2.18 (1.86, 2.55

| 1.42 1.13, 1.77]
0.95 (0.82, 1.12)

I 0.66 (0.55, 0.?9'

1487 (117, 1387)
1.05 (0.87. 1.27)
1.11 (0,93, 1.33)

1.51 (1.24, 1.85
1.32 (1.07. 1.63
1.04 (0.88, 1.23)
| 0.92 0.85. 1.0) |
1.02 (0.94, 1.1)

1.01 (0.87. 1.17)
0.93 (0.71, 1.22)
1.09 (0.93, 1.28)
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), Prescribed Medication

GCKD
600

N - Mean: 7.6
(patients) Range: 0 - 30
400 > 5 medications / day (polypharmacy): 80%

> 10 different medications / day: 20%

300 -+

200 +

100 -

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

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
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Prescribed Medication — Top Twelve

%

Beta-Blockers (BB) 2875 95%
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 Il - 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
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Statin Prescription — Gap to Guideline

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 Addltlonal.condltlon elilg\;lii\ll\g}:‘or Total
required statin
250 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%

Schneider et al., Kidney Int 2015



‘ CLINICAL EPIDEMIOLOGY | www.jasn.org

Self-Reported Medication Use and Urinary Drug
Metabolites in the German Chronic Kidney Disease
(GCKD) Study

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)

High agreement between reported medication use

Prescribed Medication

carbamazepine
sertraline
ezetimibe'
ibuprofen
diclofenac
prednisone
uetiapine’
qduloxgtine
verapamil
diltiazem
acetaminophen
levodopa'
quinine

Extra-renal
Q0= 0.5

amlodipine |

sulfamethoxazole?®
metoprolol

mycophenolic acid
triamterene
citalopram
valsartan
prednisolone
olmesartan
venlafaxine
candesartan
metoclopramide
furosemide
rantidine

enalapril

sitagliptin

atenoclol
allopurinol
gabapentin
hydrochlorothiazide
lisinopril®
pregabalin
metformin

and measurement of drug and/or drug metabolites

Higher than reported use of OTC analgesics

Renal
Q0 <0.5

accuracy (%)

Kotsis et al., JASN 2021



I ———————
) German Chronic Kidney Disease Study

« Concept and Structure

» Characteristics of a CKD population

* Opportunities

* Medication — good adherence despite high nhumbers
* Insights into pathomechanisms

* Risks for poor outcomes

» Contributions to large(r) efforts
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Tamm Horsfall Protein = Uromodulin

- | w‘;\,_.‘_‘7: ”f
GCKD -

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

Most abundant protein in normal urine

Involved in
- salt transport
TAL - 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
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UMOD in Serum

Association of Serum Uromodulin with Death,
Cardiovascular Events, and Kidney Failure in CKD

N=5143 GCKD participants; 4 yrs of Fu

QOutcome

Events

Hazard Ratio (95% CI)

www.cjasn.org Vol 15 May, 2020

Univariable

Model 1?

Model 2°

Model 3¢

All-cause mortality
HR per SD higher serum uromodulin

Quartile 1 (=55.6 ng/ml)
Quartile 2 (>55.6-83.4 ng/ml)
Quartile 3 (>83.4-125.3 ng/ml)
Quartile 4 (>125.3 ng/ml)

Kidney failure
HR per SD higher serum uromodulin

Quartile 1 (=55.6 ng/ml)
Quartile 2 (>55.6-83.4 ng/ml)
Quartile 3 (>>83.4-125.3 ng/ml)
Quartile 4 (>125.3 ng/ml)

MACE
HR per SD higher serum uromodulin

Quartile 1
Quartile 2
Quartile 3
Quartile 4

=55.6 ng/ml)
=>55.6-83.4 ng/ml)
>83.4-125.3 ng/ml)
>125.3 ng/ml)

— o~ — —

335/
5143

229/
5143

417/
5143

0.61(0.52 to 0.71)

1 (reference)
0.63 (0.48 to 0.82)
0.48 (0.36 to 0.65)
0.31(0.22 to 0.44)

0.30 (0.24 to 0.39)

1 (reference)
0.50 (0.37 to 0.68)
0.27 (0.19 to 0.40)
0.07 (0.03 to 0.14)

0.68 (0.60 to 0.77)

1 (reference)
0.73 (0.57 to 0.93)
0.61(0.47 to 0.79)
0.35 (0.26 to 0.48)

0.67 (0.57 to 0.78)

1 (reference)
0.69 (0.52 to 0.90)
0.53(0.39 to 0.71)
0.40 (0.28 to 0.57)

0.31 (0.25 to 0.40)

1 (reference)
0.50 (0.37 to 0.68)
0.28 (0.19 to 0.42)
0.06 (0.03 to 0.13)

0.74 (0.65 to 0.84)

1 (reference)
0.75 (0.59 to 0.96)
0.64 (0.49 to 0.83)
0.43 (0.32 t0 0.59)

0.75 (0.63 to 0.89)

1 (reference)
0.76 (0.57 to 1.01)
0.62 (0.45 to 0.86)
0.50 (0.34 to 0.75)

0.61 (0.46 to 0.80)

1 (reference)
0.73 (0.53 to 0.99)
0.64 (0.43 to 0.96)
0.27 (0.12 to 0.59)

0.80 (0.70 to 0.92)

1 (reference)
0.76 (0.59 to 0.99)
0.70 (0.53 to 0.93)
0.49 (0.35 to 0.69)

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

Steubl et al., CUASN 2020

0.80 (0.66 to 0.96)

1 (reference)
0.80 (0.60 to 1.07)
0.70 (0.50 to 0.97)
0.57 (0.38 to 0.87)

0.61 (0.46 to 0.81)

1 (reference)
0.73 (0.52 to 1.01)
0.65 (0.43 t0 0.99)
0.24 (0.10 to 0.55)

0.87 (0.77 to0 1.02)

1 (reference)
0.85 (0.66 to 1.11)
0.78 (0.58 to 1.03)
0.63 (0.45 to 0.90)

pro-calcific
environment

reduction

carbamylation

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

Educational Attainment is Associated with Kidney ‘T\ ISN
and Cardiovascular Outcomes in Chronic Kidney Disease g e

Age Never Smoker BMI Diabetes CVD

Longitudinal Cohort Study

53.3% CASMIN 1 63.2 +9.8 38.5% 29.9 41.4% 19.7%
German CKD Study 31.1% CASMIN 2 55 +13.3 41.7% 28.1 28.9% 6.8%
n=5095 15.5% CASMIN 3  59.8 + 12 46.8% 27.4  30.5% 3.9%
eGFR 30-60 mL/min/1.73m?
and/or CASMIN 1 (lowest education) compared to CASMIN 3 (highest)
UACR >300 mg/g
CKD ETIOLOGY ADVERSE OUTCOMES
CASMIN’ classification llr )
of education attained 7
(1, 2, or 3 from lowest to highest level)
CKD AFTER AKI DEATH MACE MAKE
Ky
Follow-up 6.5 years OR or HR 1.65 1.56 148 1.37 1.54
E (95% ClI) (1.36-2.0) (1.03-2.35) (1.16-1.90) (1.02-1.83) (1.15-2.05)

MAGCE, major adverse cardiovascular events; MAKE, major adverse kidney events

*Comparative Analysis of Social Mobility in Industrialized Nations

Winitzki D, 2022 Conclusion Low educational attainment is associated with CKD etiology
K I R E PO R T S Vieual sbetract b and adverse outcomes. Lifestyle habits and biomarkers mediate Winitzki et al.,
Kidney Infernational Reports Jfg‘j TiaSk;?,G M,";’ PhD associations between low educational attainment and mortality. Kid Int Reports 2022

W aiMmTeakell




Metabolic Syndrome

JIM

kidney disease cohort

Table 1. Baseline characteristics of 5110 patients available for analysis by the presence or absence of metabolic syndrome

doi: 10.1111/joim. 13355

Association of the metabolic syndrome with mortality
and major adverse cardiac events: A large chronic

No metabolic Metabolic

Total syndrome syndrome

(N=>5110) (V= 1826) (V= 3284) p-Value
Age, years 60.1 + 12.0 56.0 + 13.6 62.3 + 10.2 =0.001
Sex (female) 2050 (40.1%) 834 (45.6%) 1216 (37.0%) <0.001
Body mass index (BMI; 29.8 + 6.0 26.1 = 4.5 32.0 £ 5.7 =0.001

kg/m?)

Waist circumference (cm) 1036 + 15.8 922 4 12.7 110.1 £ 136 =0.001

104 [93, 114] 93 [83, 100] 109 [102, 118]
Current smokers 819 (16.1%) 311 (17.1%) 508 (15.5%) 0.15
Statin use 2442(47.8%) 659(36.1%) 1783(54.3%) <0.001
Metabolic syndrome components
Triglyceride component 2518 (49.6%) 250 (13.7%) 2268 (69.7%) <0.001
HDL cholesterol component 1845 (36.3%) 98 (5.4%) 1747 (53.7%) =0.001
Blood pressure component 5000 (97.8%) 1728 (94.5%) 3272 (99.7%) =0.001
Glucose component 2600 (51.3%) 266 (14.7%) 2334 (71.6%) =0.001
Waist component 3392 (67.6%) 529 (29.5%) 2863 (88.9%) <0.001
Total number of metabolic 3.0+ 1.33[2, 4 1.6 + 0.52 [1, 2] 3.8 £ 0.84 [3, 4] <0.001

syndrome components

6.5 yrs follow-up

Table 3. Associc tion of metabolic syndrome with al
follow-up of 6.5 years using Cox proportional ha.

cause-mortality, 3-point MACE and 4-point MACE during the prospective
ards regression models with various adjustments for confounders. For

3-point MACE ind 4-point MACE, both cause-spedific hazard ratio (HR) and subdivision HR (SHE) are given

I HR* 95% CI p-Value SHR* 95% CI p-Value
All-cause mor tality
Model 1 1.47 [1.21-1.78] =0.0001 - - -
Model 2 1.37 [1.13-1.67] 0.002 - - -
Model 3 1.26 [1.04-1.54] 0.021 - - -
Model 4 1.11 [0.91-1.35] 0.325 - - -
3-Point MAC!
Model 1 1.68 [1.35-2.10] <0.0001 1.66 [1.32-2.07] <0.0001
Model 2 1.59 [1.27-1.98] <0.0001 1.57 [1.25-1.97] =0.0001
Model 3 1.43 [1.14-1.79] 0.002 1.42 [1.13-1.78] 0.003
Model 4 1.31 [1.04-1.64] 0.020 1.32 [1.05-1.66] 0.019
4-Point MAC!
Model 1 1.74 [1.44-2.10] =0.0001 1.72 [1.42-2.08] =0.0001
Model 2 1.67 [1.38-2.02] =0.0001 1.66 [1.37-2.01] =0.0001
Model 3 1.48 [1.22-1.79] 0.0001 1.47 [1.21-1.78] 0.0001
Model 4 1.36 [1.12-1.65] 0.0022 1.36 [1.12-1.66] 0.002

*HR: Hazard 1
Model 1: adjul
current smoki
For definition:

tios derived from Cox models; SH
ted for sex and age; Model 2: Mo
g, prevalent cardiovascular disea;

!: Subdivision HR, derived from competing for risk regression.
el 1 + eGFR, log(urine albumin-creatinine ratio); Model 3: Model 2 +
e, log(LDL cholesterol); Model 4: Model 3 + log(hs-CRP).

of 3-point MACE and 4-point 1\1A1E, see footnotes of Table 2.

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

Pammer et al., J Int Medicine 2021
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The power of genetic diversity in
genome-wide association studies of lipids
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