
ORIGINAL ARTICLE

Influence of the central-to-peripheral arterial stiffness
gradient on the timing and amplitude of wave
reflections

Stacey S Hickson1, Wilmer W Nichols2, Yasmin1, Barry J McDonnell3, John R Cockcroft4, Ian B Wilkinson1

and Carmel M McEniery1 on behalf of the ACCT Study Investigators

In individuals with compliant aortas, peripheral muscular artery stiffness exceeds central elastic artery stiffness. With aging,

central stiffness increases with little change in peripheral stiffness, resulting in a reversal of the normal stiffness gradient. This

reversal may reduce the wave reflection amplitude due to the movement of the major ‘effective’ reflection site further from the

heart. To test this phenomenon, we investigated the relationship among arterial stiffness gradients (normal and reversed), wave

reflection amplitude and reflection site distance. Subjects aged ⩾50 years were recruited from the Anglo-Cardiff Collaborative

Trial. Central stiffness was assessed by carotid-femoral pulse wave velocity (cfPWV). In Study 1, peripheral PWV was also

measured in the arm (carotid-radial pulse wave velocity) and, in Study 2, in the leg (femoral-dorsalis pedis). Reflection site

distance was calculated from cfPWV and the reflected wave Tr. Subjects were dichotomized into those with a normal stiffness

gradient (peripheral 4central PWV) or a reversed gradient (peripheral ocentral PWV). In Study 1, the reflection site distance

was greater in subjects with a reversed gradient (Po0.01), whereas time-to-reflection was lower (Po0.001). Both the

augmentation pressure (Po0.001) and augmentation index (Po0.05) were greater in subjects with a reversed gradient. In Study

2, the augmentation pressure, augmentation index and reflection site distance were greater in subjects with a reversed stiffness

gradient (Po0.01, Po0.05 and Po0.01, respectively), and time-to-reflection was not different between groups. A reversed

arterial stiffness gradient is associated with an increased reflection site distance, and a paradoxical increase in reflected wave

amplitude and augmentation index.
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INTRODUCTION

Aortic stiffness,1,2 wave reflection3–7 and their surrogates,8–10 including
central aortic pulse pressure (PP),11,12 are powerful independent
predictors of cardiovascular risk and outcome. Wave reflections
originate at arterial bifurcations and sites of impedance change or
mismatch, such as the arterial taper and conduit artery terminations.13

These individual reflected waves then combine to form one apparent
reflected wave, which combines with, and augments the initial and
forward traveling pressure wave to form the measured pressure wave.
Therefore, the central aortic pressure waveform is determined by the
elastic properties and taper of the arterial tree, the amplitude of the
reflected wave, and the time delay between the two waves (forward
and reflected), which depends on the wave speed and distance to the
major ‘effective’ reflection site.13,14

Central elastic arterial stiffness increases markedly with advancing
age, whereas peripheral muscular arterial stiffness remains virtually
constant.15,16 As a result, central stiffness can equal peripheral stiffness
(impedance matching), or even exceed it (impedance mismatching),
reversing the normal stiffness gradient.16,17 This has led to the
suggestion that impedance matching (or mismatching) with central
exceeding peripheral stiffness reduces the proximal wave reflection
amplitude by shifting the major effective reflection site distally,
resulting in a ‘flattening’ (followed by a decreasing) effect on the
age-related augmentation index (AIx) curve that occurs in individuals
over 60 years of age.17,18 However, this hypothesis has not been tested
directly.
The aim of this study was to compare aortic wave reflection

amplitude and reflection site distance between individuals with a
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‘normal’ forward arterial stiffness gradient (peripheral pulse wave
velocity (PWV) 4central PWV) and those in whom this gradient is
reversed (peripheral PWV ocentral PWV). Earlier studies used PWV
measured in the arm17 or pressure waveforms measured in the carotid
artery;18 however, we chose to also use the aortic pressure waveform
and PWV measured in the leg where the major ‘effective’ reflection
site is located.13

METHODS

Subjects
All subjects and data were drawn from the Anglo-Cardiff Collaborative Trial
(ACCT), a large, community-based investigation of the determinants of blood
pressure and arterial stiffness across the adult age span.16 Participants with
known peripheral vascular disease or atrial fibrillation were excluded from the
analyses. For Study 1, we utilized data from 1567 healthy subjects aged
⩾ 50 years who had no history of diabetes, clinical cardiovascular disease and
related medication. For Study 2, we invited a subset of 127 subjects from
Study 1 to undergo additional measurements as described below. Finally,
we examined data from 5117 subjects, ranging in age from 18 to 90 years old,
to further examine the relationship between advancing age and wave reflection
characteristics. We obtained approval from the local research ethics committee,
and each participant provided written informed consent.

Measurements
Height and weight were assessed. Brachial cuff blood pressure was measured in
duplicate and averaged in the nondominant arm according to the British
Hypertension Society Guidelines, using a validated oscillometric device
(HEM-711A-E, Omron, Matsusaka, Japan). After 15 min of supine rest,
high-quality pressure waveforms were acquired by applanation tonometry
using a SphygmoCor device (Atcor Medical, Sydney, NSW, Australia) at radial,
carotid and femoral arterial sites, and in a subset of 127 subjects, at the dorsalis
pedis arterial site. Using the integrated software, pulse wave analysis was applied
to the aortic pressure waveform synthesized from the radial artery waveform
(Figure 1). The system software used the second derivative of the pressure wave
to identify the inflection point on the upstroke of the aortic pressure wave to
determine the augmentation pressure (AP; the difference between the first and
second systolic peaks of the aortic pressure waveform), augmentation index
(AIx; AP/PP×100), non-augmented pressure (PP–AP) and travel time (Tr) of
the aortic pressure wave from the heart to the major reflection site and back
using a validated transfer function.19 Measurements were made on the
nondominant side to minimize variability.20 Poor-quality waveform (according
to the quality criteria embedded within the system software) instances of clearly

erroneous values (that is, AIx 450%) or circumstances in which the system
software was unable to calculate aortic characteristics were not included in the
analysis.
The SphygmoCor device was also used to determine cfPWV by sequentially

recording ECG-gated carotid and femoral artery waveforms as previously
described.21 Carotid-radial PWV (crPWV) was determined from the carotid
and radial waveforms. Similarly, femoral-dorsalis pedis PWV was determined
from the femoral and dorsalis pedis waveforms in the subset of 127 subjects.
The integrated software determined the foot-to-foot transit time between the
respective pressure waves, and the path length was measured along the body
surface using a tape measure as previously described.22,23 For cfPWV, the
straight distance from the suprasternal notch to the carotid site was subtracted
from that between the suprasternal notch and femoral site.23 The distance to
the major ‘effective’ site (Lp) of wave reflection was calculated from cfPWV, as
was the Tr of the reflected pressure wave from the reflection site to the heart
(Tr/2; Figure 1), as previously described.24,25

Data analysis
The study was conducted in two main parts: a large retrospective study and a
smaller prospective one. A further retrospective analysis (n= 5117) provided
additional information on the wave reflection characteristics across the adult
age span.
Study 1 was a retrospective analysis utilizing data from 1567 subjects who

were ⩾ 50 years of age. Central stiffness was measured as cfPWV, and
peripheral stiffness was determined in the arm from the carotid and radial
(crPWV) pressure waves.
Study 2 was a prospective analysis conducted in a subset of 127 subjects from

Study 1. Because the reflected wave arrives mainly from the lower body,13

peripheral stiffness was measured in the leg, from the femoral-dorsalis pedis
PWV, and central stiffness was measured as cfPWV.
In both studies, subjects were dichotomized into two groups, those with a

normal arterial stiffness gradient (peripheral PWV 4central PWV) and those
with a reversed stiffness gradient (peripheral PWV ocentral PWV). All data
were analyzed using SPSS software (version 20.0, SPSS, Inc., Chicago, IL, USA).
Student’s t-tests were applied to determine the significance between stiffness
gradient groups, with Po0.05 considered significant.

RESULTS

Study 1
Table 1 contains the subject characteristics for Study 1. The sample
used for analysis included 1567 subjects (822 men and 745 women).
Subjects with a reversed arterial stiffness gradient (crPWVocfPWV)
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Figure 1 Synthesized aortic pressure waves in a subject (age 62 years) with a ‘normal’ arterial pressure gradient and another subject (age 79 years) with a
‘reversed’ arterial pressure gradient. AP is the augmentation pressure (reflected wave amplitude) and Tr is the round trip travel time of the forward wave from
the ascending aorta to the major ‘effective’ reflection site and back. Pi is the inflection point or upstroke of the reflected wave. AP, augmentation pressure;
Alx, augmentation index; cfPWV, carotid-femoral pulse wave velocity; Tr, travel time.
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were older (69± 7 vs. 62± 6 years, Po0.001) and more likely to
have systolic hypertension (systolic pressure ⩾ 140 mmHg, diastolic
pressure o90 mmHg, 41 vs. 14%, Po0.001) and higher triglycerides
(1.4± 0.8 vs. 1.6± 0.9 mmol l− 1, Po0.01) than those with a normal
arterial stiffness gradient (crPWV4cfPWV). In subjects with a
normal stiffness gradient, cfPWV and crPWV were 7.5± 1.1 and
8.7± 1.1 m s− 1, respectively, and were 10.4± 2.4 and 8.1± 1.3 m s− 1,
respectively, in subjects with a reversed stiffness gradient. Central
systolic blood pressure and central PP were greater in subjects
with a reversed stiffness gradient (126± 17 vs. 115± 14 mmHg and
49± 13 vs. 40± 10 mmHg, respectively) as was the distance to the
site of wave reflection (71.3± 15.9 vs. 52.1± 8.7 cm, Po0.001),
AP (15±7 vs. 13±6 mmHg, Po0.001) and AIx (31± 10 vs. 30±9%,
Po0.001). However, when AIx was adjusted for gender, height and
heart rate, no difference between the normal and reversed stiffness
gradient groups was observed. Unaugmented central systolic and
PP were also greater in the reversed stiffness gradient group (111± 12
vs. 102± 11 mmHg and 34± 8 vs. 27± 6 mmHg, both Po0.001)
compared with the normal stiffness gradient group. In multivariable
regression models, including age, gender, height, mean blood pressure
and heart rate, a reversed stiffness gradient was independently
associated with the reflection site distance, but not augmented
pressure. Upon rerunning the model using central (aortic) PWV
instead of the stiffness gradient per se, the results showed that central
PWV remained independently associated with the reflection site
distance and augmented pressure (Supplementary Table 1).

Study 2
Table 2 contains the subject characteristics for Study 2. Forty-three
men and 84 women were included in the study analysis. Subjects with
a reversed arterial stiffness gradient were older (69± 7 vs. 62± 6 years,
Po0.001) and more likely to have systolic hypertension (52 vs. 29%,
P= 0.014) and higher triglycerides (1.3± 0.8 vs. 1.7± 0.9 mmol l− 1,
Po0.01) than those with a normal stiffness gradient. In subjects with a
normal stiffness gradient, cfPWV and femoral-dorsalis pedis PWV
were 7.9± 1.0 and 9.9± 1.0 m s− 1, respectively, and 10.9± 2.0 and
9.0± 1.5 m s− 1, respectively, in subjects with a reversed stiffness
gradient. Of those subjects with a reversed stiffness gradient based
on femoral-dorsalis pedis PWV, the majority (n= 41; 93%) also had a
reversed gradient based on crPWV. Central systolic and PP, and
AP were higher in subjects with a reversed stiffness gradient (126± 12
vs. 116± 15 mmHg, 51± 10 vs. 40± 13 mmHg and 16± 6 vs.
13± 7 mmHg, respectively, Po0.01 for all), as was AIx (32± 8%
vs. 28± 11%, Po0.05) and reflection site distance (74.6± 14.9 vs.
55.9± 9.9 cm, Po0.001). An example of the aortic pressure waves
recorded in these two groups (normal and reversed gradient) is shown
in Figure 1. AIx remained significantly higher in the reversed stiffness
gradient group when adjusted for gender, height and heart rate.
Time-to-reflection did not differ between groups (70.7± 6.6 vs.
68.6± 7.0 ms). In addition, unaugmented central systolic and PP were
also greater in those with a reversed stiffness gradient (115± 13 vs.
107± 13 mmHg and 35± 7 vs. 30± 7 mmHg, respectively, Po0.001

Table 1 Study 1: subject characteristics

Normal gradient

crPWV4cfPWV

N=528

Reverse gradient

crPWVocfPWV

N=1039 Significance

Age (years) 62±6 69±7 Po0.001

Gender (male/female) 583/456 239/289 Po0.001

Height (m) 1.67±0.08 1.68±0.09 NS

Weight (kg) 71.4±13.7 75.3±13.7 Po0.001

Brachial systolic BP (mm Hg) 122±17 135±21 Po0.001

Brachial diastolic BP (mm Hg) 74±7 76±8 NS

Pulse pressure (mm Hg) 48±14 58±18 Po0.001

Central systolic BP (mm Hg) 115±14 126±17 Po0.001

Central diastolic BP (mm Hg) 75±7 77±8 Po0.001

Central pulse pressure (mm Hg) 40±10 49±13 Po0.001

Mean arterial pressure (mm Hg) 88±9 93±10 Po0.001

Unaugmented central systolic

BP (mm Hg)

102±11 111±12 Po0.001

Unaugmented central pulse

pressure (mm Hg)

27±6 34±8 Po0.001

Heart rate (beats per min) 63±9 66±10 Po0.001

Augmentation index (%) 30±9 31±10 Po0.05

Augmentation pressure

(mm Hg)

13±6 15±7 Po0.001

Carotid-femoral PWV (m s−1) 7.5±1.1 10.4±2.4 Po0.001

Carotid-radial PWV (m s−1) 8.7±1.1 8.1±1.3 Po0.001

Time-to-reflection (ms) 78.3±3.6 72.2±4.3 Po0.001

Distance to reflection site (cm) 52.1±8.7 71.3±1.6 Po0.001

Total cholesterol (mmol l−1) 5.4±1.0 5.4±1.1 NS

Triglycerides (mmol l−1) 1.4±0.8 1.6±0.9 Po0.01

Abbreviations: BP, blood pressure; cfPWV, carotid-femoral pulse wave velocity; crPWV, carotid-
radial pulse wave velocity; NS, not significant.
Data are means± s.d.

Table 2 Study 2: subject characteristics

Normal gradient

fdPWV4cfPWV

N=83

Reverse gradient

fdPWVocfPWV

N=44 Significance

Age (years) 62±6 69±7 Po0.001

Gender (male/female) 32/51 11/33 NS

Height (m) 1.66 ±0.09 1.65±0.08 NS

Weight (kg) 70±11 72±13 NS

Brachial systolic BP (mm Hg) 126±17 138±16 Po0.001

Brachial diastolic BP (mm Hg) 74±8 76±7 NS

Pulse pressure (mm Hg) 53±12 62±13 Po0.001

Central systolic BP (mm Hg) 116±15 126±12 Po0.001

Central diastolic BP (mm Hg) 75±8 77±7 NS

Central pulse pressure (mm Hg) 40±13 51±10 Po0.001

Mean arterial pressure (mm Hg) 93±11 99±10 Po0.01

Unaugmented central systolic

BP (mm Hg)

107±13 115±13 Po0.01

Unaugmented central pulse

pressure (mm Hg)

30±7 35±7 Po0.001

Heart rate (beats per min) 66±10 68±7 NS

Augmentation index (%) 28±11 32±8 Po0.05

Augmentation pressure

(mm Hg)

13±7 16±6 Po0.01

Carotid-femoral PWV (m s−1) 7.9±1.0 10.9±2.0 Po0.001

Carotid-radial PWV (m s−1) 8.3±1.0 8.1±1.1 NS

Femoral-dorsalis pedis PWV

(m s−1)

9.9±1.1 9.2±1.6 Po0.01

Time-to-reflection (ms) 70.7±6.6 68.6±7.0 NS

Distance to reflection site (cm) 55.9±9.9 74.6±14.9 Po0.001

Total cholesterol (mmol l−1) 5.4±1.0 5.7±1.0 NS

Triglycerides (mmol l−1) 1.3±0.8 1.7±0.9 Po0.01

Abbreviations: BP, blood pressure; cfPWV, carotid-femoral pulse wave velocity;
fdPWV, femoral-dorsalis pedis pulse wave velocity; NS, not significant.
Data are means± s.d.
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for both). Multivariable regression analyses revealed that central PWV,
rather than stiffness gradient per se, remained independently associated
with augmented pressure (Supplementary Table 2). Composite data,
including the augmented pressure and reflection site distance from
Study 1 and Study 2, are shown in Figure 2.
Age-related changes in central hemodynamics and reflection site

distance were calculated from 5117 individuals, the results of which
are illustrated in Figure 3. With advancing age, central PP and distance
to the major reflection site increased exponentially (R2= 0.47 and
0.41, respectively, both Po0.001) and paralleled each other, whereas
AP increased linearly (R2= 0.45, Po0.001). As expected, AIx increased
linearly with age until 55–60 years of age, after which a flattening effect
was observed (R2= 0.49, Po0.001) with no decrease, even in the older
subjects.

DISCUSSION

This study tested the hypothesis that the greater increase in central,
rather than peripheral, artery stiffness with advancing age attenuates
impedance mismatches between the central and peripheral arteries,
leading to a shift in the major effective reflection site more distally in
the lower body, in addition to an attenuation of the age-related
increase in the wave reflection amplitude and AIx. We tested this
hypothesis by dichotomizing a large number of healthy subjects into
those with a normal arterial stiffness gradient (peripheral PWV
4central PWV) and those in whom the stiffness gradient was reversed
(peripheral PWVocentral PWV), and then compared the reflection
site distance and amplitude of the global reflected pressure wave.
When PWV in either the arm (Study 1) or leg (Study 2) was used as

a measure of peripheral arterial stiffness, a reversed stiffness gradient
was not associated with reduced proximal wave reflection or a lower
AIx, despite the greater distance to the major effective reflection site,
as previously suggested by Mitchell et al.17 and Vyas et al.18 The time

(Tr/2) to the return of the reflected wave was lower in those with a
reversed arterial stiffness gradient in Study 1, but was not significantly
different between groups in Study 2, suggesting that the greater travel
distance was offset by increased aortic stiffness. Moreover, reversal of
the stiffness gradient was associated with a greater AP and a greater
AIx in Study 2, indicating increased wave reflection amplitude, left
ventricular afterload and myocardial oxygen demand in these
individuals. It is highly likely that the increased reflected wave
amplitude observed in individuals with a reversed stiffness gradient
was driven, predominantly, by significantly higher central artery
stiffness in these individuals. Unaugmented central systolic and
PP were also increased in this group, indicating greater ascending
aortic stiffness and incident wave amplitude. Moreover, central artery
stiffness, rather than a reversed stiffness gradient per se, remained
independently associated with the reflected wave amplitude in
multivariable regression models. Nevertheless, it is highly unlikely
that a reversal of the normal stiffness gradient in older subjects results
in reduced proximal wave reflection, as suggested by a report from the
Framingham Heart Study.17 The Framingham Heart Study investiga-
tors suggested that a reversal of the arterial stiffness gradient results
from attenuated impedance mismatching between peripheral arteries
and the central aorta, which then causes a distal shift in the major
reflection site in the lower part of the body, attenuating the proximal
wave reflection intensity and improving cardiovascular function.
However, strictly speaking, frequency-dependent impedance of the
central aorta and peripheral arteries is always mismatched because of
the influence of wave reflection at lower frequencies.13 Impedance
matching can only occur at higher frequencies where the spectrum is
only minimally influenced by the wave reflection (that is, characteristic
impedance). Although the current data are inconclusive, previous
studies have suggested that the majority of wave reflections originate
either in the descending aorta, at a single primary site occurring at the
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aortic bifurcation, or between the aortic bifurcation and femoral artery
site.25–27

The contrast between the results of the current study and those of
The Framingham Heart Study investigators17,18 may be due to
erroneous estimation of the inflection point used to calculate wave
reflection time, as suggested by Nichols et al.13 Mitchell et al.17 and
Vyas et al.18 obtained the inflection point by visual inspection. In the
current study, the inflection point was obtained automatically by the
SphygmoCor device, which uses the second derivative of the aortic
pressure wave, however, analyses based on the fourth derivative have
also been used.28 Individuals 460–65 years of age often exhibit ‘Type
D’ aortic pressure waves, which have no inflection point,13 and
therefore cannot be detected visually. This is a clear limitation to the
findings reported by Mitchell et al.17 and Vyas et al.18 The inflection
point does, however, occur at peak aortic blood flow velocity in Type
D pressure waveforms.13

To further examine the relationship between advancing age and
wave reflection characteristics, the age-related changes in central
hemodynamics and reflection site distance were calculated from a
large number of subjects across the adult age span from the ACCT.
These data showed a linear rise in AP and also an attenuation of the
wave reflection amplitude with advancing age and an exponential
increase in central aortic PP, which parallels the exponential increase
in the reflection site distance. Because AIx is directly proportional to
AP and indirectly proportional to PP, the observed strengthening of
the age-AIx relationship results from the incident pressure wave
amplitude (which is directly related to ascending aortic stiffness),
which increases to a lesser degree than the reflected wave amplitude
(16 vs. 23%). However, another hypothesis has been proposed that
suggested that the reduced rate of rise of AIx beyond 60 years of age is
attributable, at least in part, to a mathematical principle. Namasivayam

et al.29 suggested that the ratio of two linear relationships, such as AP
vs. age and PP vs. age (this group considered PP vs. age to be a linear
relationship), results in a curvilinear trend (AIx vs. age). This
mathematical phenomenon should, therefore, be considered for its
potential contribution to the ‘flattening’ of the age-AIx curve.
Paradoxically, and in agreement with Mitchell et al.,17 in the current

study, reflection site distance increased with advancing age, and in
agreement with Sugawara et al.,26 did so at a greater rate beyond
60 years. In addition, recent studies have reported a small increase in
the length and diameter of the aorta30 and femoral arteries31 with
advancing age, which may increase the travel distance of the forward
and reflected wave as the central arteries stiffen, shifting the reflection
site distally. However, these reports contradict a number of earlier
studies that suggested a shift of wave reflection sites closer to the
heart,28,32 rather than farther away. Although wave separation analysis
is a more robust and accurate method for determining wave
reflections, the distance to the major ‘effective’ reflection site in the
current study was estimated from the wave speed and the measured
time delay between incident and reflected waves. This method was
proposed and validated in animals by Van Den Bos et al.24 and used in
humans by Murgo et al.25 and Mitchell et al.17 Recently, a report by
Westerhof et al.33 suggested that the reflection site distance cannot be
accurately determined from the given formula due to a phase shift in
the waveform at the reflection site. The phase shift would induce a
time delay, resulting in a later return of the reflected wave and a falsely
increased calculated distance to this site. However, the reflection site
distance estimated using the method in the current study is compar-
able with the reflection site distance calculated using the classical
method that uses the first minimum of the input impedance moduli
spectra, commonly known as the quarter-wavelength method.13,25 The
values for reflected wave Tr and PWV measured in the different
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arterial segments of the present study are similar to those previously
reported for this age group using a variety of methods.15,17,34–37

Limitations
The current study has a number of limitations, including several
methodological considerations. First, wave reflection is often consid-
ered to arise from a single point along the arterial tree (that is, the
aortic bifurcation). However, the global reflected wave is a summation
of numerous individual reflected waves, making the precise site of
wave reflection theoretical. In the current study, the formula from Van
den Bos et al.24 and Murgo et al.25 was used to calculate the reflection
site distance, and although reliable, it lacks the precision of wave
separation analyses as used by Wang et al.5 and Segers et al.32

Moreover, PWV varies by vascular territory and, in general, is greater
in the muscular arteries compared with the more elastic central
arteries,16,38 although studies in animals39 and humans40 have
demonstrated regional variations in PWV with the aorta itself. As
such, the use of proximal aortic PWV in the calculation may
underestimate the distance to the wave reflection site, because this
occurs in the lower limbs, beyond the ~ 50 cm length of the aorta.30

Because the aortic flow velocity was not assessed in the current study,
we were unable to determine whether the reflection point occurred at
the same time as the peak aortic blood flow velocity. In addition, we
were unable to precisely determine whether readings not calculated by
the SphygmoCor software or excluded on the basis of erroneous values
arose from Type D pressure waveforms, where there is no identifiable
inflection point. Finally, the measurements of PWV used in this study
to dichotomize subjects into normal or reverse arterial stiffness
gradients may have been influenced, somewhat, by the mean arterial
pressure, which was higher in subjects with a reverse stiffness gradient.
Therefore, a measure of arterial stiffness independent of (or adjusted
for) mean arterial pressure may have been preferable.

CONCLUSIONS

Overall, the findings of this study in subjects aged ⩾ 50 years dispute
the hypothesis that preferential stiffening of the central arteries
attenuates the rise in aortic AP (and AIx) with age by distally shifting
the site of wave reflection. However, reversal of the central-to-
peripheral stiffness gradient observed in older individuals remains
important clinically, as it is associated with a greater central systolic
pressure, PP, and aortic stiffening and not a reduction in these
parameters. These alterations in arterial properties and wave reflection
characteristics place an additional load on the heart, and increases
cardiac work and the myocardial oxygen demand, which increase
cardiovascular risk. Moreover, reversal of the normal stiffness gradient
along with an increased distance to the site of wave reflection may
adversely affect the microvascular circulation due to increased pulsatile
stress on these small vessels, leading to potential tissue and organ
damage. Therefore, further studies are needed to investigate this
question.
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