
The aging kidney – pathophysiology and 
therapeutic consequences

Jan T. Kielstein

Department of Nephrology and Hypertension

Medical School Hannover

Jan T. Kielstein

Department of Nephrology and Hypertension

Medical School Hannover



The aging kidney – pathophysiology and 
therapeutic consequences

1. Demographic changes

2. Incidence of CKD 

3. Measurement of renal function

4. Pathophysiology

5. Practical considerations

1. Demographic changes

2. Incidence of CKD 

3. Measurement of renal function

4. Pathophysiology

5. Practical considerations



The aging kidney – pathophysiology and 
therapeutic consequences

1. Demographic changes

2. Incidence of CKD 

3. Measurement of renal function

4. Pathophysiology

5. Practical considerations

1. Demographic changes

2. Incidence of CKD 

3. Measurement of renal function

4. Pathophysiology

5. Practical considerations



Demographics in Germany 2010

http://www.destatis.de



1950 - 10 % of the population > 65 Jahre
2050 - 33 % of the population > 65 Jahre

http://www.destatis.de
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Prevalence of Chronic Kidney Disease (CKD) Stages 
in US Adults Aged 20 Years or Older Based on NHANES 

1988-1994 and NHANES 1999-2004 
CORESH et al. JAMA 298: 2038 – 2047, 2007

Prevalence CKD
1988-1994 10.0 %
1999-2004 13.2 %

30% ⇑



Where did the paradigm of decline in renal function with 

age come from?

drop in GFR: ~ 10 ml/min/1.73m² / decade after

the age of 40 (~ 1 ml/min/1.73m² per year)

drop in ERPF: ~ 80 ml/min/1.73m² decade after

the age of 40 
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Age changes in glomerular filtration rate, effective renal 
plasma flow and tubular excretory capacity in adult males

DAVIES & SHOCK J Clin Invest  29: 1950-1955, 1950
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The average inulin clearance dropped from 122.8 to 65.3 
cc./min./1.73 sq.m. between the ages of 20 and 90 (46 %).
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Assessment of renal function in elderly patients

FLISER Current Opinion in Nephrology and Hypertension 17:604–608, 2008



How to determine renal function
Inulin clearance

Topinambur
Helianthus tuberosus

•Inulinclearance – gold 

standard

•100 % glomerular filtration

•neither tubular secretion 

nor tubular adsorbtion

•no metabolism
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How to determine renal function
Creatinine clearance



How to determine renal function
Cockroft-Gault



Improved GFR estimation by combined creatinine and cystatin 
C measurements.

MA et al. Kidney Int 2007; 72:1535–1542, 2007



How to determine renal function
MDRD Formula



A New Equation to Estimate Glomerular Filtration Rate 

LEVEY et al. Ann Intern Med. 150:604-612, 2009



Vascular pathology of homocysteinemia: implications for 
the pathogenesis of arteriosclerosis  

McCully Am J Pathol 56: 111-128, 01.07.1969

21.07.1969



Two cardiovascular risk factors in one? Homocysteine and 
its relation to glomerular filtration rate. 
A meta-analysis of 41 studies with 27,000 participants

KIELSTEIN et al. Kidney Blood Pres Res, 31(4):259-67, 2008



Cystatin C and Aging Success 
n=2140, median follow up 5.2 years

SARNAK et al. Arch Intern Med 168:147–153, 2008

…remaining free of 3 major classes of disease (incident 
cancer, CVD, COPD and without a persistent physical 
disability or cognitive impairment…
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Rapid Kidney Function Decline and Mortality Risk 
in Older Adults 

n=4380, median follow up 9.9 years
RIFKI et al. Arch Intern Med 168:2212-2218, 2008
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Assessment of renal function in elderly patients
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Isolation and identification of ADMA and SDMA from 
human urine

KAKIMOTO & AKAZAWA  JBC 245: 5752-5758, 1970

“ADMA and SDMA may be important 
for the study of various pathological 
states”
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Marked increase of asymmetric dimethylarginine in 
patients with incipient primary chronic renal disease  

KIELSTEIN et al. J Am Soc Nephrol 13: 170-176, 2002

• IgA Nephropathy
o ADPKD

Healthy controls



Identification of two human dimethylarginine 
dimethylaminohydrolases with distinct tissue distributions 

and homology with microbial arginine deiminases 
LEIPER et al. Biochem J 343:209-214, 1999
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Asymmetric dimethylarginine (ADMA), blood pressure 
and renal perfusion in elderly subjects. 

KIELSTEIN et al. Circulation 107:1891-1895, 2003

ADMA



Cardiovascular effects of systemic nitric oxide synthase 
inhibition with asymmetrical dimethylarginine in humans

KIELSTEIN et al. Circulation 109: 172-177, 2004
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ADMA increases arterial stiffness and decreases cerebral 
blood flow in human

KIELSTEIN et al. Stroke 37:2024-9, 2006

before ADMA after ADMA



Asymmetric dimethylarginine: a novel marker of risk and 
a potential target for therapy in chronic kidney disease.

ZOCCALI & KIELSTEIN Curr Opin Nephrol Hypertens 15:314-320, 2006



DDAH prevents progression of renal dysfunction by 
inhibiting loss of peritubular capillaries and 

tubulointerstitial fibrosis in a rat model of CKD
MATSUMOTO et al. JASN 18: 1525–1533, 2007
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Physical Activity and Rapid Decline in Kidney
Function Among Older Adults

ROBINSON-COHEN et al. Arch Intern Med 169:2116-2123, 2009






