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Topouchian J et al, J Hypertens 2018, Jan 10

Relationship of pulse wave velocity and cardio-ankle vascular index with 

age in 2224 participants from the TRIPLE A-Stiffness study
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MS - MS +

Effect of the Metabolic Syndrome on pulse wave velocity in 2224 

participants from the TRIPLE A-Stiffness study

Men                     Women
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Effect of the Components of the Metabolic Syndrome on pulse wave 

velocity in 2224 participants from the TRIPLE A-Stiffness study
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Lopes-Vicente W et al, Diabetol Metab 2017;9:17

Effect of increasing number of Components of the Metabolic Syndrome 

on Pulse Wave Velocity



Effect Of Physical Activity After Age 50 Years on Mortality

In The Framingham Heart Study

Franco OH et al, Arch Int Med 2005;165:2355



Cornelissen VA et al, J Am Heart Assoc 2013;2:e004473

Effect of Exercise Training on Blood Pressure

A meta-analysis of 93 Studies
SBP DBPDinamic Aerobic

Endurance Training 

Dinamic Resistance 
Training 

Combined Training 

Isometric Resistance 
Training 



Adapted from Cornelissen VA and Fagard RH, Hypertension 2005;46:667 

Endurance Training-induced Changes In 

Metabolic Data. Meta-analysis Of 39 Trials
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ΔPWV, m/s

Effect of Aerobic Endurance Exercise on Pulse Wave Velocity

A meta-analysis of 20 Studies

Ashor AW et al, Plos One 2014, 9(10): e110034
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Sedentary vs active, p=0.008    

Men vs women, p<0.0001

P for interaction = n.s. Saladini F et al, Vasc Med. 2014;19:458

Small artery compliance in 287 HARVEST 
Participants by Physical Activity Habits
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Mean 24h heart rate by gender in 40 young 

trained subjects and 40 sedentary controls
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P<0.001

Relationship between paced Heart Rate 

and PWV in Human Beings

Lantelme P et al, Hypertension 2002;39:1083 Tan I et al, Hypertension 2016;68:236

Effect on PWV : 0.3 m/s for 10 bpm increase in Heart Rate



ΔAIx, %

Effect of Aerobic Endurance Exercise on Augmentation Index

A meta-analysis of 16 Studies

Ashor AW et al, Plos One 2014, 9(10): e110034

Favours Exercise Favours Control
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Night-time heart rate (bpm)
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Relationship* of Augmentation Index with Office Heart rate 

measured at the same time and with Ambulatory Heart rate 

measured 7 years before the arterial elasticity assessment  

O

P<0.001 P<0.001

Office Heart rate Ambulatory Heart rate

After eliminating the effect of age, sex, BMI, height, Mean 

BP, PWV, C2, LV Ej dur, lifestyle factors
Palatini P et al, Eur J Appl Physiol 2018;118:153 



Interrelationship between Exercise, Metabolic Syndrome and 

Arterial Elasticity 
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Pasha EP et al, Brain Imaging Behav 2018,  Jan 26 

β-stiffness index in Healthy Controls and Sedentary and Active individuals 

with Metabolic Syndrome.



Bohn L et al, Int J Sports Med 2017;38:396

MS +

MS -

Carotid-femoral pulse wave velocity according to MS  and sedentary 

behavior in 81 Subjects with MS and 116 Subjects without MS



Mora-Rodriguez R et al, J Clin Hypertens 2018;20:11

Changes in PWV in 23 Patients with metabolic syndrome after 

6 months of aerobic training and in 23 Controls who remained 

sedentary
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Mora-Rodriguez R et al, J Clin Hypertens 2018;20:11

Changes in peak forearm reactive hyperemia flow (percentage of 

baseline) in 23 Patients with metabolic syndrome after 6 months 

of aerobic training and in 23 Controls who remained sedentary

Trained

Controls



Koskinen J et al, Circulation 2010;121:392

Carotid Distensibility after 6 years of follow-up in 1242 Subjects 

without MS (Control) and 432 subjects with MS

Effect of Exercise + Diet (Young Finns Study)



Aizawa K et al, Diab Res Clin Pract 2009;83:249

Effects of 24 weeks of Exercise + Diet on carotid artery distensibility and ɓ-

stiffness index in 34 Subjects with MS and 29 Subjects without MS  
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Mechanisms for the beneficial effect of Exercise on Arterial 

Elasticity in the Metabolic Syndrome
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