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“Every man wants to live long but
no man desires to grow old”.

Johnathan Swift 1667-1745



  

“In extreme old age, the arteries themselves, 
the grand instrument of the circulation, by 
continual appostition of earth, become hard, 
and as it were bony,till, having lost the power 
of contracting themselves they can no longer 
propel the blood, even through the largest 
channels, in consequence of which death 
naturally ensues”

John Wesley 1703-1791



Atherosclerosis

A degenerative disease of the arteries 
characterised by patchy thickening of the inner 
lining of the artery walls, caused by deposits of 
fatty material; a form of arteriosclerosis



Arteriosclerosis

A common disorder characterised by thickening
loss of elasticity and calcification of arterial
walls. The condition develops with aging,
hypertension, nephrosclerosis, diabetes and
hyperlipidaemia. Also called hardening of
the arteries.



Aortic PWV and Atherosclerosis 
Post-Mortem Data

Sawabe M et al. Atherosclerosis 2005;179:345.



Arteriosclerosis

A common disorder characterised by thickening
loss of elasticity and calcification of arterial
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hypertension, nephrosclerosis, diabetes and
hyperlipidaemia. Also called hardening of
the arteries.



Wilkinson et al Hypertension 2009; 54: 1213-1215

Proposed Mechanisms Linking Aortic Stiffness with 
Atherosclerotic and Nonatherosclerotic Cardiovascular Disease



Ben-Shlomo et al JACC 2014; 63: 636-646



Ben-Shlomo et al JACC 2014; 63: 636-646

13% of intermediate risk individuals were reclassified
into higher or lower quartiles of risk



Cecelja &Chowienczyk  Hypertension 2009; 54: 1328-1336



Studies in Which Classical Risk Factors and Heart Rate 
Were Included in Which the Risk Factor was Significantly

Independently Associated with PWV (All Studies)

Cecelja &Chowienczyk  Hypertension 2009; 54: 1328-1336



Wilkinson et al Hypertension 2009; 54: 1213-1215

Proposed Mechanisms Linking Aortic Stiffness with 
Atherosclerotic and Nonatherosclerotic Cardiovascular Disease



Framingham 
Offspring 
Study
•N = 1759
•60±9 years 
•55% women
•7 years 
•338 cases of 
incident HTN
•Does BP predict 
aortic stiffening or 
does stiffness predict 
incident HTN?

Kaess et al., JAMA. 2012;308:875-881

Arterial Stiffness  and Hypertension : The FHS



Arteriosclerosis and Atherosclerosis are Separate Pathological
Entities, Which are Largely Driven by Different Mechanisms

Wilkinson & McEniery Hypertension 2102 (in Press)



Mechanisms of Increased Aortic PWV…….?



Major Determinants of Arterial Stiffness

Wilkinson & McEniery Clin Exp Pharmacol Physiol 2004; 31: 795-799



YOUNG OLD

McDonald’s Blood Flow in Arteries



Arterial Stiffening

Elastin Fatigue

Number of cycles Cyclical stressx

Heart rate Pulse pressurex
= =



Relationship Between Rate Pressure Product and 
aPWV in the Caerphilly Study

McEniery et al Caerphilly Heart Study Data 2008 



Integrated Heart Rate and Pulse Pressure Tertiles Across
20 Years and Their Association with aPWV in Later Life

McEniery et al Hypertension 2010; 56: 36-43



Aortic PWV & Age…….



Age and Aortic Pulse Wave Velocity

Bramwell & Hill. Lancet 1922



Aortic PWV and Age

Avolio et al; Circ:1983



McEniery et al JACC 2005;46:1753



Age and PWV: UK

McEniery et al JACC 2005;46:1753



Age and PWV: UK

McEniery et al JACC 2005;46:1753

Isolated Systolic Hypertension

Staessen el al. J Hypertens 1990;8:393



Relationship Between Age and Thoracic  Aortic 
Calcium Content in Man

Elliot et al. Calcif Tissue Int 1994;54:268

Media

Adventitia



Relationship Between Age and Thoracic  Aortic 
Calcium Content in Man

Elliot et al. Calcif Tissue Int 1994;54:268

Media

Adventitia



McEniery et al Hypertension 2009; 53: 524-531





Non-invasive Assessment of Aortic 
Calcification Using 64-Slice Spiral CT



Aortic Calcium



Quantification of Calcium Load

5cm
Identify all voxals >130HU

Ca2+ = no voxals x 1mm3



McEniery et al Hypertension 2009; 53: 524-531

Aortic Calcification and Pulse Wave Velocity



McEniery et al Hypertension 2009; 53: 524-531

Abdominal Aortic Calcification Score in
Normotensive and Hypertensive Individuals



Major Determinants of Arterial Stiffness

Wilkinson & McEniery Clin Exp Pharmacol Physiol 2004; 31: 795-799

INFLAMMATION



McEniery et al Hypertension 2010; 56: 36-43



McEniery et al Hypertension 2010; 56: 36-43

Independent Predictors of aPWV and AIx 
from 20 years Before



Inflammation and calcification….



Aikawa et al Circulation 2009; 119: 1785-1794



Effect of Cathepsin S Deficiency on Aortic
Calcification in CRD Mice

Aikawa et al Circulation 2009; 119: 1785-1794



Aikawa et al Circulation 2009; 119: 1785-1794

Effect of Cathepsin S Deficiency on Elastin
Fragmentation in CRD Mice



Effect of Elastin Peptides and High Phosphate Levels
on Calcification of Human Vascular SMC

Aikawa et al Circulation 2009; 119: 1785-1794



Cecelja & Chowienczyk Hypertension 2010; 56: 29-30

Potential Mechanisms of Aortic Calcification



Joly et al Eur J Nucl Med Imaging 2009



Association Between Serum Cathepsin S 
and Mortality in Older Adults

Jobs et al JAMA 2011; 306: 1113 1121



Smith et al Hypertension 2012; 59: 973-978



Coulson et al J Nucl Med 2010; 51: 1357-1360



Figuero et al JACC Cardiovasc Imaging 2013 (In Press)



Effect of Aortic Inflammation on CV Events
and Timing of CV Events

Figuero et al JACC Cardiovasc Imaging 2013 (In Press)



CT Image 18 F-FDG PET 18 F-fluoride PET 18 F-FDG PET
  18 F-fluoride PET/
      CT Image

Derlin et al J Nuclear Med 2011; 52: 1020-1027





Abdelbaky et al  Circ Cardiovasc Imaging 2013; 6: 747-754



Abdelbaky et al  Circ Cardiovasc Imaging 2013; 6: 747-754



Age and Aortic PWV in Subjects with COPD and Controls

Sabit et al Am J Respir Crit Care Med 2007; 175: 1259-1265



Sabit et al. Am J Respir Crit Care Med 2007;175: 1259–1265



Change in Aortic Stiffness



Herrera et al Plos One 2014; (in Press)



Herrera et al Plos One 2014; (in Press)



RT-PCR Array Profiling in Aortas and Left Common 
Carotid Artery (LCCA) in SP and nSP Dahl Rats

Herrera et al Plos One 2014; (in Press)



Therapy……….



Maki-Petaja et al Circulation 2012; 126: 2473-2480



Fisk et al Artery Res 2014; 8: 24-34



Wilkinson et al Hypertension 2009; 54: 1213-1215

Proposed Mechanisms Linking Aortic Stiffness with 
Atherosclerotic and Nonatherosclerotic Cardiovascular Disease



Wilkinson et al Hypertension 2009; 54: 1213-1215

Proposed Mechanisms Linking Aortic Stiffness with 
Atherosclerotic and Nonatherosclerotic Cardiovascular Disease



O’Rourke et al Vascular Med 2010; 15: 461-468

Atherosclerosis Arteriosclerosis



McEniery & Wilkinson Hypertension 2013; 62: 823-824





Therapeutic modulation of arterial stiffness IS POSSIBLE







Is arteriosclerosis inevitable….?



Gurven et al Hypertension 2012 (in Press)



PP for Last Tsimane Medical Round 
(Oct 2008-2009) and NHANES 2005-2006

Gurven et al Hypertension 2012 (in Press)



Wilkinson & McEniery Hypertension 2102 (in Press)
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