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In this state-of-the-art review and as a network of 

scientists, clinicians, engineers, and industry partners with 

expertise in VA, we address six questions related to VA in 

an attempt to increase knowledge among the broader 

medical community and move the routine measurement of 

VA a little closer from bench towards bedside.
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Introduction

Cardiovascular disease (CVD) is the leading cause of death worldwide, with one in 

three deaths being attributable to CVD.

By 2030, it is expected that CVD will cost US$1044 billion globally.

Thus, prevention of CVD is a public health priority and identifying individuals at 

increased cardiovascular risk at an asymptomatic, sub-clinical stage is of paramount

importance for minimizing disease progression as well as health and economic 

burden.
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Concept of systolic blood pressure
and diastolic blood pressure in
the 1970s, in the judgment of
most authoritative cardiologists
and most authoritative medical
textbooks

Salvi, P. Pulse Waves. Pulse Waves (Springer Milan, 2017).



The three components characterizing blood

pressure properties. (a) Mean arterial

pressure, the steady component. (b) Pulse

pressure represents the fluctuation in

pressure values around the mean value of

blood pressure. (c) Blood pressure variability

represents spontaneous oscillations of mean

arterial pressure and pulse pressures over

short-term and long-term periods

Salvi, P. Pulse Waves. Pulse Waves (Springer Milan, 2012).



Introduction

Vascular ageing (VA) is a process that can capture the early (generally asymptomatic) 

features of vascular degeneration.

Given that a measure of VA encompasses the cumulative effect of all cardiovascular

risk factors on the arterial wall over the life course, compared to more traditional risk 

factors which may fluctuate in time, a measure of VA may help identify those at 

elevated cardiovascular risk.
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Assessment of arterial stiffness provides information about the long-
term effects of blood pressure and heartrate.

Wilkinson, I. B., Mäki-Petäjä, K. M. & Mitchell, G. F. Uses of Arterial Stiffness in Clinical Practice. Arterioscler. Thromb. Vasc. Biol. 1063–1067 (2020).  
doi:10.1161/ATVBAHA.120.313130



Hypertension 54, 3–10(2009).



Introduction

Although the concept of VA is gaining interest, it is seldom measured in routine 

clinical practice. 

This is potentially a missed opportunity to identify at-risk individuals at an early stage 

of disease progression. 

To address this, VascAgeNet is actively working to refine and harmonize measures of 

VA in an interdisciplinary, international, and inter-sectorial approach. 
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Schematic representation of the role of arterial stiffness inassuring  
blood flow through the peripheral circulation.

Kidney International (2012) 82, 388–400



1- What is vascular ageing?
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1- What is vascular ageing?

Mechanisms of vascular ageing comprising of arteriosclerotic and atherosclerotic processes. The figure depicts structural and
mechanical changes, as well as major biochemical derangements contributing to vascular ageing processes. VA miRNAs, 
micro-ribonucleic acids of vascular ageing; NO, nitric oxide; GF, growth factors; MMP, matrix metalloproteinase; AGEs, 
advanced glycation end-products; SOD, superoxide dismutase; TNF-α, tumour necrosis factor-alpha; hs-CRP, high-sensitivity C-
reactive protein; Il-6, interleukin-6; ICAM, intercellular adhesion molecule; RBCs, red blood cells; Ox LDL, oxidized low-density 
lipoprotein. 14



2- How can vascular ageing be estimated and

what does vascular ageing add to the

established biomarkers in the clinic?
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How to measure vascular age. The vascular ageing process can impact different arterial characteristics: pulse wave
velocity and features, arterial dynamic or geometrical parameters, pulse pressure, and vessel structural composition. 
Alterations of these properties can be assessed by processing images or signals obtained using various technologies.
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Methods of Measurement

of Carotid-Femoral PWV,

CAVI, and ba-PWV by

Various Devices

Chirinos, J. A., Segers, P., Hughes, T. & Townsend, R. Large-Artery Stiffness in Health and Disease: JACC State-of-the-Art Review. J. Am. Coll. Cardiol. 74, 1237–1263 (2019).



Carotid–femoral pulse wave velocity assessed all atonce:  
carotid and femoral pressure waveforms are recorded  

simultaneously

Salvi, P. Pulse Waves. Pulse Waves (Springer Milan, 2012).



• Pulse wave velocity

• Pulse pressure

• Waveform features related to wave reflection

• Carotid intima–media thickness

• Carotid plaque

• Coronary artery calcification

• Endothelial function

3- How do vascular ageing measures relate to

chronological ageing?
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4- Why do some people display early 

vascular ageing compared to others?
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Factors contributing to why some

people display early vascular ageing

(EVA) compared to others. IFG,

impaired fasting glucose; IGT, impaired

glucose tolerance.
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5- Who benefits most from a 

measurement of vascular ageing?
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ACC/AHA ¼ American College of Cardiology/American Heart Association; ASCVD ¼  
atherosclerotic cardiovascular disease; CV ¼ cardiovascular; PCE ¼ pulled cohort equations. Ch
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Vascular ageing assessment in apparently healthy people
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5- Who benefits most from a measurement of vascular 

ageing?



Vascular ageing assessment in patients with established 
atherosclerotic cardiovascular disease
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5- Who benefits most from a measurement of vascular 

ageing?



Vascular ageing assessment in patients with risk modifiers
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5- Who benefits most from a measurement of vascular 

ageing?



Algorithmic approach of the use of measurement of pulse wave velocity in the clinical practice.

D. Acemoglu, A. Uganda, A. Fund, Textbook of Arterial Stiffness and Pulsatile Hemodynamics in Health and Disease, Elsevier, 2022. Chapter 33,



6- How can vascular ageing be modified?

Lifestyle modifications

• Exercise

• A healthy diet: rich in fruits and vegetables (red-coloured fruits and 

vegetables, especially tomatoes and watermelon). Polyphenol, 

found mostly in the skin of red grapes, peanuts, and several types 

of berries. A healthy vascular diet should also comprise of 

polyunsaturated fatty acids, cocoa flavonoids, tea catechins, and 

dairy products, while limiting salt, red meats, caffeine, and alcohol 

consumption.
34





6- How can vascular ageing be modified?

Risk factor modification
• Smoking cessation, weight loss, and controlling/lowering blood glucose and BP all 

have beneficial effects on VA.

• Smokers have decreased vascular distensibility, increased arterial stiffness, and 

increased atherosclerosis (CAC and carotid IMT) compared to never smokers.

• Obesity leads to haemodynamic alterations, chronic inflammation, and endothelial 

dysfunction that impair vascular structure and function.

• Diabetes and hypertension

• lowering stress and normalizing sleep patterns
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Pharmacological interventions
• statins, 

• aspirin, 

• antidiabetic, 

• anti-inflammatory drugs, 

• and some antihypertensive drugs such as renin–angiotensin–aldosterone system blockers.

6- How can vascular ageing be modified?
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Schematic representation of a virtuous circle of pharmacological improvement of small and large arteries in essential 
hypertension, leading to regression of organ damage.
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Thank you
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