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Age-Associated Changes
in Arterial Structure and Vascular Biology during Aging

 Lumen size
 Intimal-Medial thickness
 Collagen, Fibronectine content
 Collagen non-enzymatic glycation
 Elastin (frayed, disorganized) 
Calcifications

Endothelial function
 Cytokines/ adh. molec



ATHEROMATOSIS

Phenotypes of arterial aging

Art. 
STIFFNESS



Methods for evaluating 
Arterial Stiffness

• Peripheral and Central Pulse Pressure
• Stiffness Index (PP/MAP)
• Augmentation Index (AuI)
• Cross-Sectional Compliance (CSC)
• Flow-dependent dilation
• Pulse Wave Velocity (PWV)



•Stiffness in hypertensives vs normotensives
•Why hypertensives have stiffer arteries
•Consequences of high art. stiffness
•Can we prevent or regress stiffness



•Stiffness in hypertensives vs normotensives
•Why hypertensives have stiffer arteries
•Consequences of high art. stiffness
•Can we prevent or regress stiffness



BP and PWV in normotensive and hypertensive patients

Benetos A et al, Circulation 2002



PWV in subjects with Hypertension

Albaladejo J et al,. Hypertens. 2003



PWV in subjects with Hypertension and/or Diabetes

Alecu et al, J. Hypertension 2008 
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Age/aortic stiffness (PWV) relationship
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The annual increase in PWV is about 
70-100 mm/sec in NT

100-250 mm/sec in HT



•Stiffness in Hypertensives
•Why hypertensives have stiffer arteries
•Consequences of high art. stiffness
•Can we prevent or regress stiffness



Distensibility: (Vs-Vd)/Vd/(SBP-DBP)

Discontinued cardiac flow Permanent cardiac flow

Systolic period Diastolic period

Left ventricle



Stiffness is pressure dependent
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Intrinsic Elastic properties modified
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Chronic Hypertension

Accelerated Arterial Aging 
(Arteriosclerosis)

Endothelial dysfunction
Increased mechanical stress

Humoral factors



Arteriosclerosis

Hypertension?

?
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Arterial stiffness, and Blood Pressure regulation

Art. Aging



Arterial hypertension and Arterial Stiffness

Chronic hypertension

Mechanical stress (BP)

Endothelial dysfunction
Extracellular matrix 
Glycation of proteins
Elastine desorgansation
Remodeling, Fibrosis 

SBP, PP
Cardio-Arterial dismatching

Aortic stiffness

Humoral factors
Angiotensin-aldosterone
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Brachial BP evolution with age. The Framingham Study

Franklin et al,Circulation 1997



•Why hypertensives have stiffer arteries
•Associated factors



Metabolic syndrome and age-related progression 
of aortic stiffness (pulse wave velocity).

J Am Coll Cardiol 2006, 3;47:72-5

•PWV (m/s)  9.4 (2.1) 10.7 (2.6)          11.2 (2.9)   12.2 (3.0) 0.0001

•∆PWVmm/sec/year  -20 (40) 90 (20) 50 (25) 145 (40) 0.003

•Number      0 1 2 >3 p

M. Safar, F. Thomas , J. Blacher, R. Nzietchueng, JM. Bureau, B. Pannier, A. Benetos
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Arterial hypertension and large arteries

Chronic hypertension

Mechanical stress

Endothelial dysfunction
Extracellular matrix 
Glycation of proteins
Elastine desorgansation
Remodeling, Fibrosis 

SBP, PP
Cardio-Arterial dismatching

Aortic stiffness

Humoral factors
Diabetes 

High Heart rate
R-A-A system hyperactivity

NaCl diet
Physical inactivity
Inflammation and 
Oxidative stress



•Stiffness in hypertensives vs normotensives
•Why hypertensives have stiffer arteries
•Consequences of high art. stiffness
•Can we prevent or regress stiffness



Endothelial Dysfunction and 
Prognosis in Hypertensives 

Patients exposed to risk
Follow-up (mo)

Event-Free
Survival

Perticone F et al. Circulation. 2001;104:191-196.

225 Never-Treated Hypertensives With ACh-Induced Forearm Blood Flow
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PWV is an independent determinant of LV hypertrophy
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Bouthier et al, Am Heart J 1985



PWV and all-cause mortality 
in hypertensive subjects

Laurent S. et al. Hypertension, 2001
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Arterial hypertension and large arteries

Chronic hypertension

Mechanical stress

Endothelial dysfunction
Extracellular matrix 
Glycation of proteins
Elastine desorgansation
Remodeling, Fibrosis 

SBP, PP
Cardio-Arterial dismatching

Aortic stiffness

Humoral factors

LVH
CV Risk

Diabetes 
High Heart rate

R-A-A system hyperactivity

NaCl diet
Physical inactivity
Inflammation and 
Oxidative stress
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