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만성신장질환:
Chronic Kidney Disease (CKD)

신장내과 최대 이슈



세계 콩팥의 날
3월 8일









Contributing factors to CKD?

↑Economic status

↑ Old-aged patients

↑ Diabetes



만성콩팥질환과 심혈관계 합병증
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Cardiovascular Mortality Is Higher in 
Patients With ESRD

Adapted from Foley RN et al. Am J Kidney Dis. 1998;32(5 Suppl 3):S112–S119.  
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심혈관계 합병증으로
사망하는 환자: 45.4%



혈액투석시작 7년후 14년후
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Cardiovascular disease in CKD

The most common cause of death

Accelerated atherogenesis

Hypertension
Hyperlipidemia
Diabetes

CKD



腎臟 心臟



A marker of kidney damage
Proteinuria 

A marker of vascular damage
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요단백량에 따른 신장기능의 저하정도
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Effect of ARB on proteinuria
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Optimal RAS inhibition?

 Effective BP control
 Target organ damage*

* Reducing proteinuria and optimal nephroprotection
(retardation of the loss of glomerular filtration) 



Maximize RAS inhibition
to decrease proteinuria less than 1.0 g/day 

 Low dose ARB + diuretics

 High dose ARB

 ARB+ACEI

 ARB with T-type CCB



STATINS

Endothelial 
Function

↑ eNOS expression
↓ ET-1 expression

Antioxidant
Inhibition of NADP(H) 
oxidase
↓ Superoxide formation
↓ LDL oxidation

Anti-inflammatory
↑ NO and NF-kB activation
↑ EC activation
↓ Leukocyte-EC adhesion
↓ Pro-inflammatory cytokine
↓ CRP

Angiogenesis
↑ PI-3 kinase/Akt activity
↑ Circulating EPC

Vascular 
cytoprotection

↑ eNOS expression
↑ PI-3 kinase/Akt activity
↓ CRP
↑ DAF expression on EC
↓ Compl-mediated injury

Immunomodulatory
↓ IFNr-induced MHC class II
↓ Inhibition of LFA-1
↓ T cell activation
↓ Monocyte activation

Plaque Stability
↓Inflammatory cell infiltrate
↓ M MMP synthesis
↑Collagen synthesis
↑ VSMC content
↑ Plaque stability in vivo

Anti-thrombotic
↑ EC fibrinolytic activity
↓ Tissue factor expression
↑ Ecto-5`-Nucleotidase
↓ Platelet activation



Effect of Statin on CVA 
in CKD patients.







Statin for CV events

type 2 DM
Without dialysis

Effective

type 2 DM Receiving 
hemodialysis 
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Heart and Renal Protection 
Study(SHARP)

• Included patients: History of  CKD
– not on dialysis: elevated Cr on 2 occasions

• Men: ≥1.7 mg/dL (150 µmol/L)
• Women: ≥1.5 mg/dL (130 µmol/L)

– on dialysis: HD or PD
• Age ≥40 years
• No history of MI or coronary revascularization
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Results of statin trial in CKD 
patients 

 Use of statin in patients with dialysis is not 
effective to prevent CVA.

 Early control of dyslipidemia is essential to 
prevent cardiac damage in CKD patients



Cardio Renal Anemia Syndrome

CHF

CKD Anemia



Age-adjusted death rate/1000 2-year exam periods

Gagnon et al. Am Heart J 1994:127:674
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As the CHF worsens, the mean Hb conc. 
decreases  because… 

Khan NA, et al. Kidney function and mortality among patients with left 
ventricular systolic dysfunction. J Am Soc Nephrol 2006;17:244 –253.

 Combined CKD-↓EPO level

 Plasma cytokine: TNF alpha & IL-6

 Malabsorption

 ACEI or ARB

 hyperglycemia-↓EPO-producing cells

 Antiplatelet drugs 



좌심실비대 억제 약물

ACE inhibitor 
ARB
Beta-blocker
Spirolactone
rHuEPO



대조군

허혈성 손상 24시간후

급성신부전 EPO전처치

Yang cw. FASEB J



EPO has renal and cardiac 
protective effect



Uremic toxin according to CKD stage 

Clin J Am Soc Nephrol 4: 1551-1558, 2009

UREMIC TOXIN
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Role of Indoxyl Sulfate and OAT in Renal Tubular Cell Injury

Uremic toxin and kidney injury 



Clin J Am Soc Nephrol 4: 1551-1558, 2009

uremic toxins and vascular stiffness



T Nii Kono et al, Kidney int 2007; 71:738-743

Indoxyl sulfate → PTH receptor ↓→ Impair osteoblastic function

Uremic toxin and bone disease



Spectrum of Uremic toxicity

Celluar toxicity

Uremic toxin

Nagoya J Med Sci 72:1-11, 2010
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Overall Mortality Cardiovascular Mortality

Clin J Am Soc Nephrol. 2009 Aug 20. [Epub ahead of print]
Clin J Am Soc Nephrol 4: 1551-1558, 2009



Uremic toxin absorber:
AST-120 (Kremezin®)

(Yamagishi, Nakamura et al. 2007 Journal/Med Hypotheses)

Indoxyl sulfate is considered to be key target uremic toxin 
for AST-120
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Am J Nephrol 2006; 26: 455-461

Control uremic group AST 120 gruop

5/6 Nephretomized Uremic Mode



Fujii H, et al., Nephrol Dial Transplant 24:2089-2095, 2009

Cardiac fibrosis in the control and AST-120-treated CKD, and sham-
operated rats



Removal of uremic toxin

↓ Oxidative stress

↓Progression of CKD and CHF



KLOTHO, anti-aging gene
Suppressor of multiple aging phenotypes

 Shortened lifespan
 Infertility
 Arteiosclerosis
 Mitral annular calcification
 Skin atrophy
 Osteoporosis emphysema

(Makoto Kuro-o et al., nature 390: 45-51, 1997)

Mutation of the mouse Klotho gene leads to a
syndrome resembling aging.



Current understanding of KLOTHO
Overexpression of KLOTH expands lifespan

Oxidative Stress and 
insulin signaling

Protects against 
endothelial dysfunction

Cofactor for Fibroblast growth 
factor (FGF23)

: Ca, P and vitamin D

Ectopic vascular 
calcification

Coronary artery disease?
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ARB upregulates KLOTHO expression. 
Yoon HE Nephrol Dial Transplant, 2010

Klotho - 130kDa
LSD+LSRT4NSD4 NSD+LSRT4 LSD4

- 42kDaβ-actin

NSD4 NSD+LSRT4 LSD4 LSD+LSRT4
0

20
40
60
80

100
120
140

R
el

at
iv

e 
op

tic
al

 
de

ns
ity

 (%
)

*

**



Effect of Statin on KLOTHO expression 
in normal mice kidney
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Summary

 Maximal RAS inhibition is needed to reduce target organ injury.

 Statin is effective in early CKD patients with hyperlipidemia.

 rHEPO is recommended in anemic patients with CHF

 Uremic toxin itself is responsible for vascular damage.

 KLOTHO is the promising gene for protecting vascular injury
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