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Abstract | Arterial aging can be attributed to two different pathophysiological changes—increase in arterial 
stiffness and disturbed wave reflections. The capacity of the aorta to absorb the force exerted by the 
left ventricular ejection and dampen pulsatile flow becomes diminished with advancing age, owing to the 
progressive hardening of the arterial wall. These changes contribute to increase blood pressure, mainly 
systolic blood pressure and pulse pressure, which can trigger cardiovascular events. Understanding the 
pulsatile arterial hemodynamics that elevate cardiovascular risk has led to the use of pharmacological 
therapies, which prevent arterial stiffness and reduce wave reflections, and improve cardiovascular morbidity 
and mortality. Antifibrotic agents, such as those that block the renin–angiotensin–aldosterone pathway, are 
often given in association with diuretics, calcium-channel blockers, or both, but not with standard β-blockers. 
Consistent reductions in cardiovascular outcomes obtained using these agents can be predicted through 
noninvasive measurements of central systolic blood pressure and pulse pressure.

Safar, M. E. Nat. Rev. Cardiol. 7, 442–449 (2010); doi:10.1038/nrcardio.2010.96

Introduction
Over the past 50 years, one of the major findings from 
studies of cardiovascular disease has been the proven 
effectiveness of antihypertensive therapy.1 These treat-
ments are beneficial for the prevention of stroke, heart 
failure, renal insufficiency and, to a lesser extent, coronary 
artery disease (CAD).2,3 In clinical trials of hypertension, 
diastolic blood pressure (DBP) under drug treatment 

is usually ≤90 mmHg, whereas systolic blood pressure 
(SBP) often remains elevated (≥140 mmHg).4 Increased 
pulse pressure (PP)—the difference between SBP and 
DBP—is, therefore, observed in approximately 30% of 
treated patients.3 Isolated systolic hypertension, defined 
as raised SBP but normal DBP, is the predominant form 
of hypertension in elderly people (≥65 years); systolic–
diastolic hypertension is not as common in this popula-
tion, as DBP stabilizes or even declines with advancing 
age. Progressive arterial stiffness, as a result of structural 
and functional changes within the vessel wall, is a feature 
of aging and may precede the onset of hypertension. 
A more thorough understanding of the changes in pulsa-
tile arterial hemodynamics that occur with advancing age 
is necessary to develop and provide the most appropri-
ate treatment. This Review describes the hemodynamic 
changes that arise as a result of the arterial aging process. 
Therapeutic aspects, especially those relating to block-
ade of the renin–angiotensin–aldosterone system, are 
also discussed.

Pathophysiological vascular remodeling
Aging is accompanied by changes in vascular structure 
and function, especially in the large arteries, which affect 
the heart and other organs. The arterial wall is com-
posed of various cell populations that form the intima 
(endothelial cells and elastic lamina) and the media 
(smooth muscle and elastic tissue). These cells adapt to 
the continuous stimuli and mechanical forces to which 
they are exposed, and respond to injury, atherogenic 
factors, and long-term hemodynamic conditions. To 
maintain basal levels of tensile stress (Laplace’s law), 
prog ressive thickening of the vessel wall occurs as a result 
of the proliferation and migration of vascular smooth 
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of arterial aging and hypertension.
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muscle cells.5,6 experimental and clinical data show that 
increases in blood flow induce proportional increases 
in the size of the lumen, whereas diminished flow leads 
to reduction of the vascular mass.7 The endothelium is 
important for normal vascular adaptation to chronic 
changes in blood flow and blood pressure.8,9 endothelial 
dysfunction is characteristic of arterial aging, frequently 
triggered by nitric oxide deficiency and/or development 
of oxidative stress.3,7,10

vascular hypertrophy of the arterioles is common in 
patients with hypertension, where the medial layer is 
thickened and the lumen is reduced (arteriosclerosis). 
Arterioles are sites of vascular resistance and the origin 
of wave reflections, which both increase in hyper tensive 
patients.7,11–14 Capillary rarefaction is also frequently 
associ ated with remodeling, which leads to increased 
peripheral resistance. The prevalence of atherosclerosis is 
also linked to vascular remodeling and aging; plaque for-
mation frequently occurs in areas of disturbed flow or high 
pressure, which further increases the risk of cardiovascular 
events (Figure 1).

Early markers of arterial aging
Increased PP is a typical modification of blood pressure in 
the elderly. SBP increases progressively with age, whereas 
DBP usually only increases until 55 years of age and then 
declines, even without drug treatment.15 In the absence of 
disturbed ventricular ejection, an increase in PP indicates 
a progressive increase in arterial stiffness.2 In a longi-
tudinal study,16 4,592 men and women aged between 30 
and 65 years were followed-up to determine the rates of 
change of SBP and DBP with age (Figure 2). mean values 
of SBP, DBP, and other cardiometabolic risk factors were 

Figure 1 | Changes in arterial diameter in patients with 
arteriosclerosis or atherosclerosis. Individuals with 
arteriosclerosis are affected by changes in the thickness 
of the blood vessel wall owing to smooth muscle 
proliferation, which alters the size of the lumen and 
stiffness of the artery, and leads to impaired blood 
circulation. Atherosclerosis is characterized by arterial 
stenosis, with presence of plaques that restrict blood flow 
through the lumen.

measured every 3 years over a 9-year period. whereas 
mean values of SBP and DBP increased linearly with age 
(Figure 2a), their rates of change were divergent; the rate 
of change increased linearly for SBP, but DBP began to 
decline from as early as 45 years of age (Figure 2b). This 
finding suggests that vascular aging is an active process 
that starts before the age of 50 years, and indicates the 
early stages of cardiovascular damage.16 In women, 
menopause has an effect on PP and may contribute to an  
accelerated aging process.17,18

Importantly, there are two different components of the 
blood-pressure curve: a steady component (mean arterial 
pressure [mAP]), and a pulsatile component (PP).2 mAP 
is determined by cardiac output and vascular resistance, 
and refers to the status of the microcirculation, whereas 
PP is influenced by stroke volume, arterial stiffness, and 
wave reflections and relates to the macrocirculation. 
Both arterial stiffness and wave reflections influence the 
buffering function of large arteries (windkessel effect), a 
process that normally provides a continuous blood flow 
when the heart is between contractions in order to supply 
oxygen to peripheral tissues. Arteries lose this function as 
they stiffen, so the heart has to work harder and the coro-
nary flow is reduced, potentially leading to ischemia. PP 
increases markedly with advancing age and is an indepen-
dent predictor of coronary risk, whereas mAP is usually 
unchanged and predicts the overall cardio vascular risk 
(kidney, heart, and brain).19,20

PWV and PP amplification
Following ventricular contraction, the pressure generated 
by the heart travels along the aorta as a wave. The pulse 
wave velocity (Pwv) is the time taken by the pressure 
wave to travel between two different sites in the arterial 
tree. Because pulse waves travel faster in stiffer arteries, 
Pwv is considered to be the best measure of arterial 
stiffness. The resting Pwv in the aorta is approximately 
10 m/s in a person aged 60–65 years and continues to 
increase with advancing age. Aortic Pwv is a strong and 
independent predictor of cardiovascular risk, particularly 
in the elderly.21,22

Blood pressure measurements taken simultaneously 
at different points along the aorta demonstrate that the 
pressure waveform changes as it travels along this vessel. 
whereas SBP rises with distance from the heart, DBP 
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Key points

Changes in the vasculature occur with advancing age, especially in the large  ■
arteries, which affect the function of the heart and other organs

Arterial stiffness and increased pulse wave velocity are important predictors of  ■
cardiovascular disease, particularly in the elderly

Systolic hypertension is the most common type of hypertension in the elderly,  ■
and occurs as a result of age-related structural and functional changes in the 
vasculature

Antifibrotic agents, mainly those that block the renin–angiotensin–aldosterone  ■
system, are the primary basis of treatment to prevent arterial stiffening and 
lower blood pressure

The use of diuretics, calcium-channel inhibitors, or both may also be required to  ■
reduce cardiovascular outcomes, but standard β-blockers should be avoided
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and mAP fall slightly (2–4 mmHg) over the same course 
along the aortic trajectory. Thus, the amplitude of pres-
sure oscillations between systole and diastole, represen-
ted by central PP, nearly doubles.3 The amplification of 

SBP and PP is approximately 14 mmHg between the tho-
racic aortic root and the brachial artery towards the third 
ramifications of arterial branches. PP amplification in 
central arteries protects the heart against an increase in 
vascular afterload, but this protection is attenuated with 
age, and disappearance of PP amplification is a predictor 
of cardiovascular risk.23 The amplitude of both PP and 
mAP fall in the microcirculation, where nonpulsatile, 
steady flow is nearly achieved (Figure 3).

Changes in wave reflections
As the incident wave moves from the heart through the 
highly conductive arteries, it encounters an impedance 
mismatch at the junction of the artery and smaller high-
resistance arterioles, which blocks its entry and causes a 
reflection that travels back towards the heart (Box 1). The 
shape of every observed pulse wave results from the sum-
mation of the incident (forward- traveling) and reflected 
(backward-traveling) pressure wave (Figure 4).24 Reflected 
waves may arise from any bifurcation of the arterial or 
arteriolar wall, but are mainly issued from high-resistance 
vessels in the periphery.3,17 Pulse wave propagation and 
reflection vary considerably according to age. elasticity 
of the central arteries is greatest in young adults, which 
equates to low Pwv. The summation of the incident arte-
rial pressure wave and the observed reflected wave results 
in progressive PP amplification, so that SBP is higher in 
the brachial artery than in the ascending aorta. Because 
Pwv is low in the thoracic aorta, the reflected waves 
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Figure 2 | relationship between age and blood pressure from the DESIr study.16 a | Mean values of SBP and DBP by age 
and sex; data points indicate observed mean SBP (left) and DBP (right) by age, and the lines are best-fit linear regression 
lines. b | Mean change (∆) per year in SBP (left) and DBP (right) by age and sex; data points indicate observed mean 
changes per year by age, and the lines are best-fit linear regression lines. Both SBP and DBP increase with age, more 
rapidly in women than in men, but ∆DBP is usually markedly reduced from as early as 45 years. Abbreviations: DBP, 
diastolic blood pressure; SBP, systolic blood pressure. Permission obtained from wolters Kluwer/Lippincott, williams & 
wilkins © Safar, M. E. et al. The Data from an Epidemiologic Study on the Insulin resistance Syndrome Study: the change 
and rate of change of the age-blood pressure relationship. J. Hypertens. 26(10), 1903–1911.

Figure 3 | Schematic representation of blood pressure in 
different topographies of the arterial tree. Pulsatility is 
highest in the large arteries, but pulsatile flow begins to 
disappear in the small arteries and arterioles, and is 
almost constant at the level of the capillary network.
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return during diastole, thereby maintaining DBP and 
boosting coronary per fusion. Optimal arterial function 
is thus obtained.

The development of arterial stiffness and disturbed 
wave reflections abolish the differences between central 
and peripheral PP by the age of 50–60 years. This process 
has major consequences on ventricular load and coronary 
perfusion. The increased Pwv means that the reflected 
waves return to the aortic root during late systole when 
the heart is ejecting blood. The reflected waves summate 
with the forward-traveling wave and augment the pres-
sure in the aorta, which increases central SBP and 
ventricular load. This supplementary increase in SBP, 
expressed as the augmentation index (Aix, Figure 4), 
is an independent predictor of cardio vascular risk.25 In 
elderly individuals with isolated systolic hypertension, 
aortic SBP can be elevated by 30–40 mmHg as a result 
of the early return and amplitude of wave reflection. 
Furthermore, because the backward pressure returns in 
systole and not in diastole as a consequence of increased 
Pwv, DBP and coronary blood flow are usually reduced, 
a situation that favors coronary ischemia independent of 
atherosclerosis. Reduced heart rate in the elderly shifts 
wave reflection from diastole to systole, thus increas-
ing central SBP (Figure 5). Insulin resistance may also 
change wave reflection and central SBP.26 Blockade 
of the renin–angiotensin–aldosterone system with 
angiotensin- converting-enzyme (ACe) inhibitors, 
angiotensin- receptor blockers (ARBs), or by calcium-
channel blockade, as well as insulin administration,  
may reduce wave reflection and central SBP.26,27

Central versus brachial PP
Aortic PP is a better predictor of cardiovascular events 
than brachial PP as it more accurately represents the load 
imposed on coronary and cerebral arteries.2,3 Similarly, 
aortic but not brachial pulsatility is independently associ-
ated with CAD in patients before or after angioplasty, 
as assessed by coronary angiography.28–30 In one of the 
first studies to determine the prognostic importance of 
central blood pressure-derived indices, Jankowski et al. 
followed-up 409 patients for 4.5 years and showed that 
a 10 mmHg increase in aortic PP was associated with a 
corresponding 13% increase in cardiovascular events.31 
Central wave reflections were independent predictors 
of CAD in patients with atherosclerosis.31,32 In patients 
with end-stage renal disease, aortic Pwv, carotid wave 
reflections, and/or central PP were independent predic-
tors of cardiovascular mortality.3,33 Central PP was also 
an independent predictor of cardiovascular and overall 
mortality in patients with end-stage renal disease and 
in elderly individuals with essential hypertension.32,34,35 
Collectively, these findings suggest that central PP is 
superior to brachial PP for prediction of coronary risk, 
and indicate that serial central blood pressure measure-
ments are required during long-term antihypertensive 
drug therapy to predict cardiovascular complications, 
particularly in the elderly.23,32 noninvasive assessment 
of hemodynamics is possible using the SphygmoCor® 
system (AtCor medical, west Ryde, Australia), which 

is currently the most widely used family of devices to 
determine central blood pressure.2

Treatment for arterial aging
Antihypertensive therapy undoubtedly reduces morbid-
ity and mortality in the elderly (Figure 6). Treatment is 
aimed at preventing arterial stiffness, and reducing wave 
reflections and SBP. However, treatment does not differ-
entiate between isolated systolic and systolic–diastolic 
hypertension, although DBP is normal or low in indivi-
duals with isolated systolic hypertension. Also, CAD is 
poorly prevented by treatment. A combination of drugs 
should be used to enhance the prevention of arterial stiff-
ness and reduction of wave reflection. If there is no speci-
fic indication for standard β-blockers, it seems relevant 
to propose diuretics and/or calcium-channel blockers, 
mainly in association with angiotensin blockade.

Blockade of angiotensin II is associated with reductions 
in vascular resistance and mAP.2,3 By contrast, the effects 
of this therapy on Pwv and central and peripheral PP 
were poorly investigated up until the past two decades. 
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Figure 4 | Pressure wave traveling from the heart to the periphery. a | The pressure 
wave involves three parts: propagation, reflection, and return of reflected wave. The 
observed wave is the summation of the forward-traveling and backward-traveling 
wave. b | The augmentation pressure represents the supplementary increase in 
SBP owing to the wave reflections that return during the systole phase, which 
increase as a result of vascular aging. Aix is calculated as the augmentation 
pressure divided by PP and multiplied by 100 (expressed as a percentage). 
Abbreviations: Aix, augmentation index; DBP, diastolic blood pressure; PP, pulse 
pressure; SBP, systolic blood pressure.

Box 1 | Pressure wave travel and reflections in the aorta and large arteries24

Imagine the pressure and flow waves as they travel along the aorta and after they 
are reflected in a hypothetical vessel that is closed at the end. Both pressure 
and flow are reflected, and the magnitude of the reflection is the same for both. 
However, in this example of a closed vessel, the pressure wave is reflected 
‘upright’ whereas the flow wave is reflected ‘upside down’, that is, inversely with 
respect to pressure. In a tube without a closed end, pressure and flow are also 
both partially reflected, but flow is always inverted with respect to pressure. The 
reflected waves return to the heart with the same velocity as the forward waves. 
The summation of forward and backward waves produces the observed wave. If 
no reflections occur, the measured pressure and flow waves are similar in wave 
shape. Thus, reflections are the reason why pressure and flow differ in shape.
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Angiotensin II inhibitors, aldosterone antagonists and, to 
a lesser extent, calcium-channel blockers, reduce arter-
ial stiffness independently of mAP,36 whereas diuretics 
and β-blockers have little or no effect on this parameter. 
Studies in animal models and in humans indicate that 
angiotensin II blockade is associated with reverse remod-
eling of both small and large arteries via mechanisms 
that include anti- inflammatory and antifibrotic effects, 
as well as a decrease in arterial attachments that link the 
integrin α5β1 to its ligand fibronectin.27 In vascular cells, 
focal adhesions are composed of cytoskeletal proteins that 
are linked to the extracellular matrix (eCm) by integ rin 
receptors. Integrins interact with components of the 
eCm, including fibronectin (ligand for α5β1 and αvβ3), 
vitronectin (ligand for αvβ3), and laminin (ligand for 
α6β1).3,27 These macromolecular complexes are major sites 
of anchorage through which mechanical force is trans-
mitted.37,38 Regression of arteriolar hypertrophy following 
drug treatment is characterized by diminution of vascular 
resistance and of reflection coefficients, thereby lower-
ing SBP, PP and Aix.11–13 This improvement occurs after 
approximately 1 year of treatment in hypertensive patients 
under angiotensin or calcium-channel blockade, but  
not under thiazide diuretics or standard β-blockers.10,14

experimental studies of arterial aging
using a murine model, Louis et al. showed that α1β1 
integ rin (receptor for collagen and laminin) was necessary 
for the development of arterial hypertrophy in response to 
angiotensin II.39 when cyclic mechanical strain is applied 
to matrices containing various adhesion proteins, fibro-
nectin produces one of the largest mitogenic responses in 
the vascular smooth muscle of rats.40 The expression of 
fibronectin and its receptor are also increased in the aorta 
of spontaneously hypertensive rats.40 This increase may 
denote an increased number of mechanical attachments 
between the eCm and collagen fibers within the arterial 
media, which promotes stiffness.27,40 In animals, these 
changes have been studied primarily in situations involv-
ing normal or increased sodium intake in the presence of 

angiotensin II stimu lation or blockade.41,42 Angiotensin II 
and sodium intake are major determinants of elevated 
fibronectin in animal models. Indeed, in spontaneously 
hypertensive rats receiving normal sodium intake, ACe 
inhibition or blockade of the angiotensin I receptor 
reduced carotid mAP, PP, aortic collagen content, aortic 
fibronectin, and α5β1 integrin expression, and demon-
strated a reduction in binding between fibronectin and 
α5β1, as well as an increased isobaric arterial distensibil-
ity.41,42 By contrast, when spontaneously hypertensive rats 
were given a high-sodium diet, the carotid PP and isobaric 
distensibility remained unchanged following ARB treat-
ment, although mAP was reduced. Aortic fibronectin and 
the attachment molecules remained enhanced. Similar 
observations have been made in Sprague-Dawley rats 
during chronic aldosterone infusion and a high-sodium 
diet.13 Increased fibronectin and arterial stiffness, as well 
as aldosterone-induced proinflammatory factors were 
completely reversed by the selective aldosterone antagonist 
eplerenone.43 with a normal-sodium diet, angiotensin II or 
aldosterone blockade reduced mAP and PP, and decreased 
collagen accumulation, fibronectin and its receptor. On a 
high-sodium diet, mAP but not central PP, was reduced 
by angiotensin II blockade in association with collagen 
accumulation, increased fibronectin, and increased 
arterial stiffness.43 These findings suggest a prominent 
role for integrins in the mechanotransduction of blood 
pressure in rodents after prolonged administration  
of angiotensin II or aldosterone.

Clinical studies of arterial aging
In patients with hypertension receiving angiotensin II 
inhibitors, Pwv is decreased independently of mAP, 
central wave reflections are also attenuated, and SBP and 
PP are decreased.11 Angiotensin II blockade improves, or 
even normalizes, the wall thickness of resistance arteries 
and at the same time, reduces pressure wave reflections, 
suggesting a cause-and-effect relationship between the 
two factors.11 Both ACe inhibitors and ARBs are able 

Figure 5 | representative BP curves for young and old 
individuals with the same MAP. The shape of the BP curve 
in elderly individuals (>65 years of age) usually has lower 
DBP and raised SBP owing to vascular aging. Note the 
increase in augmentation pressure with advancing age, 
which is a manifestation of wave reflections returning 
during late systole. Abbreviations: BP, blood pressure; 
DBP, diastolic blood pressure; MAP, mean arterial 
pressure; SBP, systolic blood pressure.
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therapy in patients >80 years.56 Data were collected from 
1,670 participants >80 years of age in randomized, 
controlled trials of antihypertensive drugs. rates of 
cardiovascular events, stroke, and heart failure were 
significantly decreased. However, there was no treatment 
benefit for cardiovascular death. reprinted from Lancet 
353, Gueyffier, F. et al. Antihypertensive drugs in very old 
people: a subgroup meta-analysis of randomised controlled 
trials. 793–796 © 1999, with permission from Elsevier.
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to selectively reduce SBP and PP by decreasing arterial 
stiffness and wave reflections.44–46

The REASON study
In ReASOn (Preterax in Regression of Arterial Stiffness 
in a Controlled Double-Blind Study),11,47 the inter-
actions between central PP, arterial stiffness, and wave 
reflections with angiotensin blockade and end organ 
damage (cardiac mass) were investigated in middle-
aged, hypertensive individuals. Over a 1-year period, 
patients were randomly assigned to receive either the 
ACe inhibitor perindopril combined with low-dose 
indapamide (n = 235), or only the β-blocker atenolol 
(n = 234). Reduction in DBP and mAP were the same 
for both groups, but perindopril/indapamide signifi-
cantly lowered SBP and PP compared with atenolol 
(P <0.001). The reduction was more pronounced on 
central than on peripheral arteries (Figure 7). The two 
regimens lowered Pwv and mAP to the same extent. 
By contrast, only perindopril/indapamide reduced 
central PP and Aix (P <0.001).11,47 Furthermore, a sub-
study showed that perindopril/indapamide significantly 
decreased cardiac hypertrophy compared with atenolol, 
as a consequence of the decrease in Aix (P <0.001).47 The 
lowering of SBP under drug treatment was adequately 
predicted by baseline enhanced Pwv.48 The small SBP 
reduction under atenolol was owing to maintained wave 
reflections and arteriolar hypertrophy. For perinopril/
indapamide, regression of arteriolar hypertrophy was 
the first determinant factor after 1-year treatment, fol-
lowed by the reduction of reflection coefficients.11 ACe 
inhibitors are highly effective in angiotensin blockade, 
whereas standard β-blockers generally have a negative 
or no effect.47,49

Angiotensin II blockade with diuretics
The first trial to demonstrate the predictive value of aortic 
stiffness in hypertensive individuals was carried out in 
patients with end-stage renal disease.50 The aim was to 
reduce cardiovascular morbidity and mortality through a 
therapeutic regimen involving salt and water depletion by 
dialysis, diuretics, or both to achieve dry weight; patients 
were then randomly assigned to receive an ACe inhibitor 
or calcium-channel blocker. If the target blood pressure 
was not achieved, atenolol was prescribed. A combina-
tion of the ACe inhibitor and calcium-channel antago-
nist in association with the β-blocker was prescribed 
if target blood pressure was still not achieved. During 
follow-up (mean of 51 months), treatment-related mAP 
reduction was associated with a reduction in Pwv, low-
ering cardio vascular risk. mAP, brachial PP, and aortic 
Pwv were all reduced in those who survived the follow-
up period. For patients who died from cardio vascular 
events, mAP had been reduced to the same extent as in 
those who survived, but Pwv and brachial PP were not 
modified by drug treatment. Thus, survival of patients 
with end-stage renal disease was signifi cantly better 
when aortic Pwv was decreased as a result of blood 
pressure-lowering treatment (P <0.001). After adjustment 
for all confounding factors, the risk ratio for all-cause 

mortality, and cardiovascular mortality in those with 
unchanged Pwv was 2.59 (95% CI 1.51–4.43) and 2.35 
(95% CI 1.23–4.51), respectively. The prognostic value 
of Pwv insensitivity to reduction in blood pressure on 
survival was independent of age, changes in blood pres-
sure, and blood-chemistry abnormalities. In this trial, 
prolonged survival was more closely associated with the 
use of the ACe inhibitor than the other drugs, or with 
the number of drugs used. The use of the β-blocker and/
or the calcium- channel blocker had no direct impact on 
patient outcomes.50

The combination of perindopril with indapamide was 
evaluated in the ADvAnCe (Action in Diabetes and 
vascular Disease: Preterax and Diamicron-modified 
Release Controlled evaluation) study.51 This was a 
double- blind, placebo-controlled trial where the investi-
gators randomly assigned 11,340 participants to standard 
or intensive glucose therapy. The mean follow-up was 
4.3 years. Reduction in blood pressure was associated 
with decreases in overall and cardiovascular mortality. 
SBP and PP were the most effective determinants of the 
risk of major cardiovascular outcomes, whereas DBP 
was the least effective determinant. notably, diabetes, 
but not blood pressure, was the selection criterion for 
patients enrolled in ADvAnCe.51 However, the predic-
tive values of blood pressure were in agreement with 
those of ReASOn.11,47

Angiotensin II and calcium-channel blockade
The CAFe (Conduit Artery Functional evaluation) 
study52 included 2,073 individuals to investigate the 
effects of two blood pressure-lowering regimens on 
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Figure 7 | Central and brachial blood pressure variation in 
the rEASON study before and after 1 year of treatment. 
Patients were treated either with perindopril/indapamide 
or atenolol to compare their effects on central and brachial 
SBP.57 DBP reduction was similar for the two drugs, but the 
reduction in SBP and PP was more pronounced following 
perindopril/indapamide treatment. Abbreviations: B-PP, 
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central aortic pressure. Results showed that aortic PP, 
recorded noninvasively by radial tonometry and trans-
fer functions, was an important determinant of clinical 
outcomes independent of age and other confounding 
factors. In agreement with ReASOn,11,47 the CAFe study 
showed that treating patients with a regimen based on 
a β-blocker (atenolol) and a diuretic (bendroflumethi-
azide) compared with a regimen of a calcium-channel 
blocker (amlodipine) and an ACe inhibitor (perindo-
pril), had similar effects on brachial SBP and PP, but 
different impacts on central aortic pressures. Central 
SBP and PP were significantly lower for the amlodipine/
perindopril arm (95% CI 3.3–5.4, P <0.0001 and 95% CI 
2.1–3.9, P <0.0001, respectively).51 The results of CAFe 
demonstrated that brachial PP does not always reflect 
the effects of blood pressure-lowering treatments on 
central aortic pressures, and also suggested that changes 
in central pressure may be a better predictor of clinical 
outcomes than brachial pressure.

A comparison of the ARB olmesartan in combi nation 
with either a calcium-channel blocker or a diuretic was 
carried out in 207 hypertensive patients (mean age 
68.4 years).53 In this open-label, blinded end-point study, 
patients received olmesartan monotherapy for 12 weeks, 
followed by additional use of azelnidipine (n = 103) or 
hydrochlorothiazide (n = 104) for 24 weeks after random-
ization. Following adjustment for baseline covariates, the 
reduction in central SBP in the olmesartan/ azelnidipine 
group was significantly greater than in the olmesartan/
diuretic group (P = 0.039). In addition, aortic Pwv 
was significantly reduced in patients receiving the 
olmesartan/ azelnidipine combination compared with 
patients receiving olmesartan/diuretic (P <0.001). The 
reduction in brachial ambulatory SBP was similar for 
both groups. In this study, matsui et al. provided evi-
dence on the mechanism of reduction of SBP and PP 
amplifi cation by calcium-channel blockers, namely by 
reducing Pwv and Aix.53 Reduction in pressure wave 
reflections was an important mechanism of central SBP 
reduction by calcium-channel blockers and, although 
heart rate was decreased in the olmesartan/azelnidipine 
arm, Aix was also reduced as a result of the reduction 

of wave reflections from peripheral sites. Again, these 
results demonstrate that arterial stiffness and wave reflec-
tions are involved in the mechanism of central SBP and 
PP reduction.

Conclusions
Reducing PP, particularly central PP, may prevent arterial 
stiffness and decrease wave reflections in elderly patients 
with systolic hypertension. most therapeutic protocols 
involve inhibition of the renin–angiotensin– aldosterone 
system, frequently in association with diuretics, calcium-
 channel blockers, or both. The basis of treatment is 
not only hormonal blockade, but also modification of 
mechano transduction mechanisms, such as the inter-
actions between integrin α5β1 and its ligand fibro-
nectin. Several approaches to ameliorate arterial aging 
need to be examined further in the future. First, a high 
BmI is frequently associated with increased arterial stiff-
ness; weight reduction may, therefore, lead to decreased 
arter ial rigidity and reduced wave reflections.54 Second, 
developing novel drugs that inhibit angiotensin II will be 
important in terms of reducing cardiovascular risk. For 
example, ACe 2 (a human homolog of ACe) converts 
angiotensin II into angiotensin-(1–7), which is a hepta-
peptide with vasodilatory and cardioprotective properties 
that may be beneficial for patients with hypertension.55 
These effects should be validated in clinical studies. 
Finally, assessment of pulsa tile arterial hemo dynamics, 
particularly central blood pressure, should be routine 
in the clinic as it is crucial for the early identification of 
patients with arterial aging.
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