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고령사회는 피할 수 없는 미래 



노인인구의 증가: 의료비 상승 



연령별 사망원인 통계 (통계청 자료) 
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What is the biomarker of 
vascular aging?   

How can we evaluate the 
status of vascular aging in 

the elderly patients ? 



Perceived age as clinically useful 
biomarker of ageing 

Christensen et al, BMJ 2009 



It must predict the rate of aging. (It must be a better predictor 
of life span than chronological age.) 

 

It must monitor a basic process that underlies the aging process, 
and not the effects of disease. 

 

It must be able to be tested repeatedly without harming the 
person, for example, a blood test or an imaging technique. 

 

It must be something that acts in both humans and laboratory 
animals, such as mice, so that it can be tested in animals before 
being validated in humans. 

Criteria for biomarker of aging 



Potential biomarkers of ageing 

Simm et al, Biol. Chem 2008 



Telomere length in blood DNA & survival 

Cawthon, et al, Lancet 2003 



Clinical outcome according to telomere length 

Willeit et al, ATVB 2010 



Telomere length & risk of CHD 

Brouilette et al, Lancet 2007; WOSCOPS Study group 



Mechanism of vascular aging 

Adventitia: 

↑Collagen 

fibroblast 

Endothelial Cells: 

Endothelial dysfunction 
Increased permeability 

Intima: 

↑Collagen, AGEs, Mø, 

   leukocytes, ICAM, 

   MMPs, TGFb, VSMC 

↓Elastin 

Zieman et al,  ATVB 2005 

Media: 

↑VSMC, collagen, 

   AGEs, MMPs 

↓Elastin 

↑ Systolic and pulse pressures 

↑ Vascular stiffness indices, pulse wave velocity 

Altered central arterial pressure wave contour 

Net effect: ↑ LV pulsatile load (afterload) 



Arterial stiffness as a marker of aging 

Nilsson, et al, Hypertension 2009 



Measurement of arterial stiffness 

Laurent et al, EHJ 2006 



Arterial Stiffness & Cardiovascular Events 

Mitchell et al, Circulation 2010 



Normal & reference values for PWV 

P. Boutouyrie and S.J. Vermeersch, EHJ 2010 



Arterial pressure components by age:  
Group averaged individual regression analysis 

Franklin, et al. Circulation1997 



Differential Effects of Aging 
on Wave Reflection & Pulse Wave Velocity 

McEniery et al, JACC2005 

Augmentation index Pulse wave velocity 



Annual PWV progression 

Benetos et al, Circulation 2002 
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Altered Age-Related Blood Pressure 
Pattern in Type 1 Diabetes 

Rönnback et al, Circulation  2004 



Impact of Cardiovascular Risk Factors on 
Aortic Stiffness & Wave Reflections 

McEniery et al, HT 2010 



Non-pharmacological and pharmacological treatment 
associated with a reduction in arterial stiffness 

Laurent et al, EHJ 2006 



TNF-α Antagonists Reduce Arterial Stiffness 

Angel et al, Hypertension 2010 



Antihypertensive Drugs &  
Central Pressure in ISH 

Mackenzie et al, Hypertension 2009 



Central BP lowering efficacy  

amlodipine-valsartan 

amlodipine-atenolol  
Boutouyrie et al, Hypertension 2010 





EVA & ADAM 

EVA: Early vascular aging, ADMA: aggressive decrease of atherosclerosis modifiers 

Nilsson, et al, Hypertension 2009 



Thank you for attention~! 

Thanks for your attention ! 


