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Summary. Arterial walls stiffen with age. The most consistent and well-reported changes are luminal 
enlargement with wall thickening (remodeling) and a reduction of elastic properties (stiffening) at the level 
of large elastic arteries. Longstanding arterial pulsation in the central artery causes elastin  ber fatigue and 
fracture. Increased vascular calci  cation and endothelial dysfunction are also characteristic of arterial aging. 
These changes lead to increased pulse wave velocity, especially along central elastic arteries, and increases 
in systolic blood pressure and pulse pressure. Vascualar aging is accelerated by coexsiting cardiovascular 
risk factors, such as hypertension, metabolic syndrome and diabetes. Vascular aging is an independent risk 
factor for cardiovascular disease, from atherosclerosis to target organ damage, including coronary artery 
disease, stroke and heart failure. Various strategies, especially controlling hypertension, show bene  t in 
preventing, delaying or attenuating vascular aging. The aim of this study is to evaluate the pathophysiological 
mechanisms of arterial stiffness that is associated with aging and its assessment methods.

Key words: aging, arterial stiffness and assessment methods



48 ,      

(  – stiffening).   -
      -

 ,    
,   

.     
    -

    -
  [21].  

     -
    -

   – , , 
     . 

    -
      

    
      
  .    

     , 
  50-   [23].

     -
      
     

  .  -
     

    - -
,     -

 [33].  , 
    ,  

     
      

  [31].
    

,     -
 ,    -

   .  
 -    

    -
  .   

    -
      
      

.     -
      

 -  [8]. 

    : 
,      

;  –    
 ,   –  

.       

     
  . -
    -  

     -
  [25];    

  -   
    . 

   , -
       
   [25].    -
     ,  

     
 ,     

  [18].  -
  (AGEs)    -

   ,  
 ,    

 [8]. 
.     
     -

   : ,   
 [8, 31].    

 I  -       
     , 

      , 
    

(  - ) [31]. -
     

  ,  , 
 ,    ,   

.     
 -    

 I [7],      
     

. 
   -

     -
       

  .    -
     
       

 [8].    ,   
      -

      [31, 
35],  ,    -

      
  .

   -
 -     -
    [25],  -

     



. , . , . ... 49

   . -
   -1 ( GF 1) 

    
     I    -

 ,     in vivo. 
      

    -
      

.
.     

     , 
    .  

   , -
   -   

[8].       
   .  -

 (lysyl oxidase – LOX),    
  ,     

[5]. ,    
 2 (MM -2)  -  

  ,     
   [12].  

   ,   -
,       

 ,    -
  .    ,  

      -
  LOX  MM -2 [5, 16].
   (AGEs). 

      
 (AGEs),     

   ,  
    -

. AGEs  ,  
      

   . -
,     

 AGEs,  Alagebrium,  -
    ,   

  [8]. 
 .  

,      
/ ,    -

    [8, 9].   
      -
,      -

   .   
-    p67,   

  NADPH-o ,  -
    – -

   (MnSOD). -

     
   ,   

    AGEs [8].  -
    ,   
  TEMPOL –   -

 ,   
   ,  -
     

      [8].  
  , TEMPOL   -

      
   .  
      -

     AGEs. 
    

  ,   -
    -

  AGEs  ,    
    .

.    
      

 kB (NFkB),   -
    – IL-

1b, IL-6, IFN-y, TNF- .    
     

      
   [19].  

    -
    ,   -

     
 .  -

 ,   -
  NFkB     

 .   -
      

,    
  .

  
   

   -
.     -

     
 .    -

 / ,   
      
  ,   

.
    ,  

     -
 ,     



50 ,      

   /
   .   

-   CAVI [4, 17].
   . 

 ,    
   ,  

     60-100 
./min     -

-    (cfPWV) 
   12%, . .   10 ./min  
    3%    

    [4, 17].
 .  

,      
     
 ,   -

       -
  -   

.     
   - -

   ,  
       

    -
    
  , ,  

 S- .  , 
   ,   

     -
,   ,   
     , 

  ,      
    [23, 31]. 

.   -
       
a      -
  ( -2  -9). -

    -
        

  ,      , 
 CRP .    

    a  -
  –  , 

 ,   -
.    PWV  CRP 

     a  .  
,    (CRP, 

IL-6, TNF- )       
,   PWV    
.    PWV  

CRP        
 [21].

  . -
      

    –  
 ,      -

 . ,  
  ,   

      
       

   -
.     

      
      -
   . 

    
  30  75%,   -

    . - -
     

    
      

   .  
    ,   -

      -
    [37].

      -
 ,       

      
,    -  

 .  -
   ,  ,  -
  ,    

     
       -

    -
.    

      
     

   . 
 . -

,    
 /    -
 ,   

 , ,  
     -

.     , 
     -
      

   ,   
       

.
 Conduit Artery Function 

Evaluation (CAFÉ) ,  -



. , . , . ... 51

  /  -
      

/  . - -
     -

   ,  
      -

   . PWV 
    ,   

     -
,    -

     .   
 ,     

        
-     

  .  
       

  ,    
        

.

   
    (PWV)  

   (AI)    
     -

 . 
PWV    -

   .  
     -

 ,    -
. PWV     

 ,   -
 ,    -
.     

     . 
        

   . o- -
 PWV (cfPWV) e   „ -

 ”     
     -

  -    
 ,      

[20, 33].     -
       -

     
.    , -  

(brachial-ankle) baPWV    -
     .    

  -    
      -

 .   baPWV -
      

 ,     
,     cfPWV. 

   ,    
 .  -

    
  ,    -

     -
.     

– ,     , 
  ,    

 .  -  
       

PWV,      -
,         
   , -

    -
       

 .    
    , . . 

-    (cardio-ankle 
vessel index – CAVI),    -

     -
.   ,    PWV 

     – 
,       
   [22].  -

   , 
    -

 ,     
-  .    

    
   .

   (AIx)  
     

.     -
   ,   -

   , -
 ,  ;   

   .  
       

       
      (AIx). 

      
    

 (Shygmocor) [27].  
    -

     
 AIx.     

       
    . 

    



52 ,      

 PWV     -
 -        

 ,     
  .    -
       

     
.    

      
 ,   -

      -
    

  [30].  
     -

     
   -

 [24]. AIx    -
 ,     . 

     
    , -
     -

   ,    
  . 

      
 

     
  PWV  AIx [12],  -

  . AIx  -
     PWV, 

      
  [22].  Anglo-Cardiff 

Collaborative Trial ( CCT)   
      PWV  

AI,   . Te  - -
   < 50 .  AI  > 50 .  

PWV.     ( Ix) 
e      

  < 50 .,  PWV  
  > 50-  . Mitchell et al. 

,  AIx   -   
 ,    

60-   [12].    -
      

     -
 ,       

. ,     -
  -     
  ,   -  -

.      
      

   [3, 
11].      PWV,  

   ( ) 
   [11]. 

   -  
     

    .  
AIx   7% -     -

    ,  -  
 ( -      

  )   -
   [12].   -  -

      
  [10].  PWV  

       
,     45-  
.     -

     
  (fPWV).

  Korean Arterial Aging study 
( S) e    -

     -
 (PWV, AIx)      

-    [1]. -
 ,   -    

,     
   -     

   ,   45-  
     

  ,   50   
  -   .  

     
   . 

    
,   

    
    a -

     
    .  

  ,   -
       
  -  -

.   , -
 ,  , 

   -
      -
  [1].    

     
 -   .



. , . , . ... 53

    -
     -

 .  -
     

      
  .   
   -

,    -
   50-  ,  -

  [1, 18].   
    50-  

,    ,  
     50 -

,   .  60-  
   -

   50%,   -
  .   

       
    -

    ,   
     -

.   , 
    -

,  -     
  ,   

     .  
    -

    80 . -
      -

     
    

    -
,      -  

     -
  [18].    

    -
  ,   
     .

1. Amar, J. et al. Arterial stiffness and cardiovascular risk 
factors in a population-based study. – J. Hypertens., 19, 
2001, 381-387.

2. Anton, M. A. et al. Brachial–ankle pulse wave velocity: An 
index of central arterial stiffness? – J. Hum. Hypertens., 19, 
2005, 401-406.

3. Atkinson, J. Age-related medial elastocalcinosis in 
arteries: mechanisms, animal models, and physiological 
consequences. – J. Appl. Physiol., 105, 2008, 1643-1651.

4. Avolio, A. et A. Benetos. Heart rate, pulse pressure and 
arterial stiffness. – In: Safar ME, O’Rourke MF, editors. 
Springer, 2006, 279-294.

5. Behmoaras, J et al. Differential expression of lysyl oxidases 
LOXL1 and LOX during growth and aging suggests speci  c 
roles in elastin and collagen  ber remodeling in rat aorta. – 
Rejuvenation Res., 11, 2008, 883-889.

6. De Backer, G. et al. Age and gender related patterns in 
carotid-femoral PWV and carotid and femoral stiffness in a 
large healthy, middle-aged population. – J. Hypertens., 26, 
2008, 1411-1419.

7. Fleenor, B. Replicative aging induces endothelial to 
mesenchymal transition in human aortic endothelial cells: 
Potential role of in  ammation. – J. Vasc. Res., 49, 2012, 59-64.

8. Fleenor, B. et al. Superoxide-lowering therapy with 
TEMPOL reverses arterial dysfunction with aging in mice. – 
Aging. Cell., 11, 2012, 269-276.

9. Hamilton, C. et al. Superoxide Excess in Hypertension and 
Aging: A Common Cause of Endothelial Dysfunction. – 
Hypertension, 37, 2001, 529-534.

10. Hayward, C. et R. Kelly. Gender-related differences in the 
central arterial pressure waveform. – J. Am. Coll. Cardiol., 
30, 1997, 1863-1871.

11. Izzo, J. et al. Aging and arterial structure-function relations. 
– Adv. Cardiol., 44, 2007, 19-34.

12. 37. Fantin, F. et al. Is augmentation index a good measure 
of vascular stiffness in the elderly? – Age Ageing, 36, 2007,  
43-48.

13. Jacob, M. Extracellular matrix remodeling and matrix 
metalloproteinases in the vascular wall during aging and 
in pathological conditions. – Biomed. Pharmacother., 57, 
2003, 195-202.

14. Kabozono, T. et al. Clinical signi  cance and reproducibility 
of new arterial distensibility index. – Circ. J., 71, 2007, 89-
94.

15. Kinlay, S. et al. Endothelium-derived nitric oxide regulates 
arterial elasticity in human arteries in vivo. – Hypertension, 
38, 2001, 1049-1053.

16. Kass, D. et al. Improved arterial compliance by a novel 
advanced glycation end-product crosslink breaker. – 
Circulation, 104, 2001, 1464-1470

17. Kinlay, S. et al. Endothelium-derived nitric oxide regulates 
arterial elasticity in human arteries in vivo. – Hypertension, 
38, 2001, 1049-1053.

18. Kothapalli, C. Lysyl oxidase enhances elastin synthesis 
and matrix formation by vascular smooth muscle cells. – J. 
Tissue Eng. Regen. Med., 3, 2009, 655-661.

19. Mattace-Raso, F. et al. Arterial stiffness and risk of 
coronary heart disease and stroke: The Rotterdam Study. 
– Circulation, 113, 2006, 657-663.

20. Krafka, J. Comparitive study of the histo-physics of the 
aorta. – Am. J. Physiol., 125, 1939, 1-14.

21. Lakatta, E. G. et D. Levy. Arterial and Cardiac Aging: Major 
Shareholders in Cardiovascular Disease Enterprises: 
Part I: Aging Arteries: A „Set Up“ for Vascular Disease. – 
Circulation, 107, 2003, 139-146.

22. Lesniewski, L. et al. Aerobic exercise reverses arterial 
in  ammation with aging in mice. – Am. J. Physiol. Heart 
Circ. Physiol., 301, 2011, H1025-H32.

23. Longo, G. et al. Matrix metalloproteinases 2 and 9 work in 
concert to produce aortic aneurysms. – J. Clin. Invest., 110, 
2002, 625-632.

24. Mattace-Raso, F. et al. Arterial Stiffness and Risk of 
Coronary Heart Disease and Stroke: The Rotterdam Study. 
– Circulation, 113, 2006, 657-663.

25. McEniery, C. et al. Endothelin-1 regulates arterial pulse 
wave velocity in vivo. – J. Am. Coll. Cardiol., 42, 2003, 
1975-1981.



54 ,      

26. Mitchell, G. et al. Arterial Stiffness and Cardiovascular 
Events: The Framingham Heart Study. – Circulation, 121, 
2010, 505-511.

27. Nichols, W. Clinical measurement of arterial stiffness 
obtained from noninvasive pressure waveforms. – Am. J. 
Hypertens, 18, 2005, 3S-10S.

28. Patel, S. Characteristics of Coronary Smooth Muscle Cells 
and Adventitial Fibroblasts. – Circulation, 101, 2000, 524-532.

29. Roger, V. et al. Heart Disease and Stroke Statistics – 2012 
Update: A Report From the American Heart Association. – 
Circulation, 125, 2012, 2-e220.

30. Sako, H. et al. Associations between augmentation index 
and severity of atheroma or aortic stiffness of the descending 
thoracic aorta by transesophageal echocardiography. – 
Circ. J., 73, 2009, 1151-1156.

31. Schmitt, M et al. Basal NO locally modulates human iliac 
artery function in vivo. – Hypertension, 46, 2005, 227-231.

32. Schulze-Bauer, C. et al. Mechanics of the human femoral 
adventitia including the high-pressure response. – Am. J. 
Physiol. Heart Circ. Physiol., 282, 2002, H2427-40.

33. Stone, P. H. et al. Regions of low endothelial shear stress 
are the sites where coronary plaque progresses and 
vascular remodelling occurs in humans: an in vivo serial 
study. – Eur. Heart J., 28, 2007, 705-710.

34. Wang, M. et al. Proin  ammatory Pro  le Within the Grossly 
Normal Aged Human Aortic Wall. – Hypertension, 50, 2007, 
219-227.

35. Williams, B. et al. Differential impact of blood pressure-
lowering drugs on central aortic pressure and clinical 
outcomes: principal results of the Conduit Artery Function 
Evaluation (CAFE) study. – Circulation, 113, 2006, 1213-
1225.

36. Willum, H.et al. Prognostic Value of Aortic Pulse Wave 
Velocity as Index of Arterial Stiffness in the General 
Population. – Circulation, 113, 2006, 664-670.

37. Zieman, S. et al. Mechanisms, Pathophysiology, and 
Therapy of Arterial Stiffness. – Arterioscler. Thromb. Vasc. 
Biol., 25, 2005, 932-943.

38. Zou, Y. Upregulation of aortic adhesion molecules during 
aging. – J. Gerontol. A. Biol. Sci. Med., 61, 2006, 232-244.

  :

-    
  

 „ ”
. „ .  ” 1

1431 
0889374028
e-mail: jenicherneva@yahoo.com

Address for correspondence:

Zh. Cherneva, MD
Clinic of Cardiology
UMHAT “Aleksandrovs a”
1 Sv. G. So  iski, str.
Bg – 1431 So  a
0889374028
e-mail: jenicherneva@yahoo.com

2015

.
. . ,

, – , 516 .

( 30 )
, ,

, .

-     
       

  
   

     

    
      

  
     -  

      
   

 
    

    
  

 
    (  ) 

   
    

 . -  
   

  
   

   
  
      . 

  -  
    -  

  
     


