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Aortic stiffness increases significantly and
nonlinearly with age.1 Carotid–femoral

pulse wave velocity (PWV), the gold-standard
index for aortic stiffness, increases mono-
tonically from young adulthood throughout
the entire human lifespan (Figure 1).2 The
age trajectory of carotid–femoral PWV is
concave, with the slope increasing modestly
at midlife and then sharply after 50 years of
age. Augmentation index (AIx), a measure of
wave reflections that is related to arterial
stiffness, increases in parallel with PWV
through midlife, but then reaches a plateau
or falls slightly after 60 years of age
(Figure 1).2 In younger individuals, AIx
rises steeply with age, whereas PWV does
not. Conversely, in older individuals, AIx
changes little, but aortic PWV increases stee-
ply.2 These suggest that, AIx and PWV,
although related, may provide different
but potentially complementary information.
Specifically, AIx might be a more sensitive
marker of arterial aging in younger indivi-
duals, whereas aortic PWV might be a more
sensitive marker in older individuals. There-
fore, to fully assess the impact of aging and
risk factors on large artery hemodynamics,
both markers might need to be assessed.
Prevention of cardiovascular disease is

greatly aided by the identification of proper
biomarkers. Among the recently proposed
novel biomarkers of cardiovascular disease
risk, aortic stiffness and wave reflections
indices stand out as important risk predictors
for future events. Carotid–femoral PWV is a
robust predictor of cardiovascular risk and
all-cause mortality. We recently meta-ana-
lyzed aortic PWV data from 17 available

published studies for 15 877 subjects followed
up for a mean of 7.7 years.3 Several popula-
tions such as patients with hypertension,
diabetes, end-stage renal disease and subjects
from the general population were included.
Nevertheless, among these studies only three
investigated the predictive ability of PWV
in the elderly.4–6 With regard to indices of

central hemodynamics, accumulating data
support their ability to predict CV events
and mortality. In a subsequent meta-analysis,
we demonstrated that a 10% increase of
central AIx is associated with a relative risk
of 1.29 for cardiovascular events and of 1.38
for all-cause mortality.7 However, in the
elderly such data are lacking.

Figure 1 Regression curves representing the effect of age on aortic stiffness and wave reflection indices

for males (circles, solid lines) and females (squares, dashed lines). Panel a represents augmentation

pressure (open circles/open squares) and augmentation index (closed circles/closed squares). Panel b

represents aortic pulse wave velocity (from McEniery et al.2).
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Aiming at filling the knowledge gap in this
fragile age group, the study of Protogerou
et al.,8 provides important data. The PROTE-
GER study demonstrates that in elderly
patients with cardiovascular disease there is
a synergistic effect on survival when both
elevated aortic stiffness and pressure wave
reflections are present, supporting the notion
that aortic stiffness and wave reflection
indices impart complementary information.
A finding of the PROTEGER study that

merits further scrutiny is that neither PWV
nor AIx were predictive of all-cause mortality
when these two parameters were evaluated
alone. Although larger populations and a
longer follow-up period are desirable, this
finding can be interpreted in light of the
following: In our aforementioned meta-analy-
sis on aortic PWV, there was a lesser predictive
ability of stiffness for clinical events in older
end-stage renal disease patients.3 Plausible
explanations may include a ‘selection’ phe-
nomenon, with survivors who reach an older
age being less vulnerable to the harmful effects
of arterial stiffening. Furthermore, at the
occasion of this commentary, we performed
a sub-analysis of data in elderly subjects, by
including the study of Protogerou et al.,8

and two of the three abovementioned studies
on elderly subjects that provided the relevant
data.4,5 The pooled relative risks of all-cause
mortality were higher for high-aortic PWV
compared with low-stiffness elderly subjects
(relative risk: 1.615, 95% confidence interval:
1.393–1.873, Po0.001), corresponding to a

risk increase of 61.5% (Figure 2). This value,
although significant, is lower compared with
the risk increase of 90%, regarding the
overall population.3 Taken together, these
pieces of evidence supports the notion that
increased PWV is less predictive in the elderly
population.
Although aortic stiffness and wave reflec-

tion indices are traditionally conceived as
predictors of cardiovascular risk, they are
powerful predictors of all-cause mortality as
well.3 On this wavelength, Protogerou et al.8

insightfully focus on all-cause mortality as the
main outcome of interest. Although by virtue
of their pathophysiological basis, aortic
stiffness and wave reflections indices are
expected to predict cardiovascular events,
their association with all-cause mortality
lacks a prima facie explanation. Although
pathophysiological explanations are not read-
ily identifiable, their ability to predict events
could reflect the existence of common patho-
genetic mechanisms, such as aging, inflam-
mation and oxidative stress, over a wide range
of conditions.
When the arteries get tough, the tougher

do not get going, as PWV remains a powerful
biomarker, despite losing some of its predic-
tive ability at older age. Most importantly,
a holistic approach for evaluating arterial
function, in which complementary arterial
biomarkers, such as PWVand wave reflection
indices, are combined,8–11 has the potential to
increase our ability to predict the risk of both
cardiovascular events and all-cause mortality.
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Figure 2 Relative risk (RR) and 95% confidence interval (CI) for high aortic pulse wave velocity and

all-cause mortality. Studies are listed chronologically. Boxes represent the RR and lines represent the

95% CI for individual studies. The diamond and its width represent the pooled RR and the 95% CI,

respectively.
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