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followed up 15,877 subjects for a mean of 7.7 years 
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Tot CV Events CV Mortality All-cause Mortality 
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Risk factors 

Age > 60 yrs 

Hypertension 

Male 

Smoking 

Diabetes 

Obesity 

Hyperlipid 

OR (95% CI) p 

6.2  (4.4-8.7) <0.001 

3.4  (2.1-5.3) <0.001 

1.9  (1.3-2.8) <0.001 

1.9  (1.2-3.2) <0.001 

1.6  (1.1-2.4) 0.023 

1.0  (0.5-2.1) 0.947 

0.89  (0.5-1.5) 0.672 
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Wear and Tear 
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Kim EJ et al  J Hypertens 2010;28;1252-60 

Aortic Arch Abd Aorta Radial A 



Hypertension 2007 ;50:219 



J Rheumatol 2012:39;1291 



Oxidative stress 

Angiotensin II system 

AGE and RAGE 

 
 

 





 
Rat with VC 

Control Rat 

VC by vit D3+nicotine 

Hypertension 1997; 29: 999-1006 
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CAC  Thoracic AC 

 Abdominal AC  No. of calcified valve 
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Resistance 

artery 

Stiff Aorta 

VC, Ao Stiffness & BP 



Kim EJ et al. J Hum Hypertens 2007;2:141-8 

VC, Ao Stiffness & BP 

R=0.330, p<0.001 

R=0.238, p0.002 

R=0.363, p<0.001 



Hypertension 1995;25:305-13 

VC, Ao Stiffness & 
Hypertension 



SBP 

150 

140 

130 

120 

110 

100 
10-19세 20-29세 30-39세 40-49세 50-59세 60-69세 70세이상 

전체 

남자 

여자 

106.3 109.5 116.9 111.2 124.8 131.9 134.8 

108.7 114.8 120.9 116.6 126.3 132.0 133.2 

103.6 103.8 112.8 105.5 123.3 131.8 135.4 

Data from KNHANES 2005 

DBP 

10-19세 20-29세 30-39세 40-49세 50-59세 60-69세 70세이상 

전체 

남자 

여자 

90 

80 

70 

60 

68.3 72.7 78.8 75.0 81.6 81.1 76.8 

69.1 76.2 82.5 79.2 84.0 82.3 78.8 

67.5 69.0 75.0 70.8 79.7 80.1 76.7 

Korea SBP 

DBP 



% of Isolated Systolic Hypertension 

 Hypertension 2001;37:869-74 

         ISH 

SBP≥140 & DBP < 90mmHg 

        SDH  

SBP≥140 & DBP ≥ 90mmHg 

        IDH  

SBP<140 & DBP ≥ 90mmHg 
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 MESA (Multi-Ethnic Study of Atherosclerosis) 

 

 Population-based, 45-84 (mean 63) yrs, n=6814 

 

Overall prevalence 28.0%  

 Chinese & White 32.4%,  

 Hispanic 24.9%, Black 22.4% 

 Female 29.1%, Male 26.8% 

 

Am Heart J 2008;155:765-71 



Circulation 2007;115:717-24 
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Control CAD 

CAC AC CAC AC 

BMD rho -0.239 † -0.564‡ -0.184* -0.563‡ 

CAC rho 1 0.338‡ 1 0.506‡ 

Kim EJ et al.  ISA 2009        

*,<0.05;  †, <0.01; ‡, <0.001 



 

Intima      vs.       Media Calcification 

Trends in Molecular Medicine 2009;15:405 

Endochondral calcification Intramembranous ossificaiton 



 



Passive process ? 

 

Active process ? 

 
 

 



Process of VC 

Passive process ? 

Degeneration or necrosis of arterial wall  

(aging, HTN, smoking, glucose and lipid metabolism) 

+ 

Oversaturation of mineral solubility in blood 



 J Bone Miner Metab, 2006 

Stage 1 Osteoblastic differentiation 

Stage 2 Expression of bone-asso. protein 

Stage 3 Mineralization 



Osteoporos Int  2007;18:251-259 



 

A regulated Active Process, 

which parallels many aspects of 

calcification in bone ! 
 

 

 



 



Anti-VC may improve aortic stiffness 

 ACEi 

 Cross-link breakers 

 Bisphophonate 

 Calcimimetics  

 Phosphate binder 

 Recombinant OPG (denosumab) ...  

 

 

 



 Ao stiffness is an integrated marker of the 

chronological damage of the CV risk factors on the 

arterial wall 

 Ao stiffness is better predictive of CV outcomes 

 VC is one of the mechanisms of Ao Stiffness 

 VC-Ao Stiffness contributes to hypertension 

 Targeting VC mechanisms may improve Ao Stiffness 



Thank you ! 





 Age 

 Chronic inflammation (e.g. RA) 

 Smoking 

 DM 

 Estrogen deficiency 

 Vit C, D & K ↓ 

 Oxidized lipids & free radicals 

 Renal failure 



Imai Y et al. Mol Endocrinol, 2010 
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 Epidemiology 

 Risk factors and Mechanisms 

Clinical implication 

 Therapeutic, Preventive challenges 

 Summary 

 
 

 



 

Circulation 2006;114:1761-1791. 



Detrano et al. N Engl J Med 2008;358:1336-45. 

MACE (MI & CHD death) Any coronary events  

N-6722,  
median du=3.8yr 

N-6722,  
median du=3.8yr 

HR= 8.7(m) 
       6.3(w) 
    In CACS>400  

Budoff et al. Vascul Health Risk Manage 
2008:4:315-24 

Survival 



 

Callister et al, ATVB 2004 
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女 男 



 

JAMA 2000;283:2810-2815. 



Resistance 
artery 

Young normal aorta 



Resistance 
artery 

Old stiff aorta 



Lakatta et al, Med Clin N Am 2009:93:583-604 

Clinical Implication: A Stiffening (AC) 
with Aging 



Young normal aorta Old stiff aorta 



Hypertension 1995;25:305-13 

Clinical Implication: A Stiffening (AC) 
& Blood pressure with Aging 



O’Rourke and Hashimoto, JACC 2007:50:1-13 



On Heart 

• LVH 
• Myocardial ischemia 



O’Rourke and Hashimoto, JACC 2007:50:1-13 



Am J Cardiol. 2005;96:1059-63. 



Am J Med 1999;106:273-8 

By BMD By No. of Fx 
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Treatment of vascular calcification-clinical trials 

Effect of Simvastatin (80 mg) on Coronary and Abdominal Aortic 

Arterial Calcium (from the Coronary Artery Calcification 

Treatment with Zocor [CATZ] Study) 
Am J Cardiol 2007;99:1714-7. 

Statin vs. Placebo 

Effect of Intensive Versus Standard Lipid-Lowering 

Treatment With Atorvastatin on the Progression of Calcified 

Coronary Atherosclerosis Over 12 Months 

A Multicenter, Randomized, Double-Blind Trial 
Circulation 2006;113:427-37 

Intensive (80mg) vs. Standard (10mg) 

“Simvastatin treatment does not reduce progression of CAC 
or AAC compared with placebo.” 

“Intensive atorvastatin therapy was unable to attenuate 
CAC progression compared with standard atorvastatin 

therapy.” 



NEJM 2007;356:2591-602 

•WHI-CACS 

•1064 with hystrectomy 

  at 50-59 yr 

•8.7 yr f/u 

CAC OR P 

>0 0.64 0.01 

≥10 0.55 <0.001 

≥100 0.46 0.001 

•Esp. in ≥80% adherence to study medication 

0.78 

0.74 

0.69 



Menopause 2005;12:40-48 



NEJM 2010;362:686-96 

•PEARL trial 

•8556 women, 59-80 yr 

•5 yr f/u 

•Lasofoxifene; newer 

selective estrogen-

receptor modulator 

*SERM: selective estrogen -
receptor modulator 
; Decrease bone resorption,      
bone loss, LDL-C 
*PEARL: postmenopausal 
Evaluation and Risk-Reduction 
with Lasofoxifene 



CHD Stroke 
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