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The new findings reported in this issue of
Hypertension Research by Masugata et al.1

provide further understanding of the roles
that central blood pressure and arterial stiff-
ness have in hypertensive end-organ damage
and in changes in heart function. The intri-
guing findings of their study, which evaluated
102 treated hypertensive patients, are that left
ventricular mass index (LVMI) is related to
central systolic blood pressure (SBP), but that
the LV systolic and diastolic function, as
expressed by the Tei index, is related to the
cardio-ankle vascular index (CAVI).

LEFT VENTRICULAR HYPERTROPHY

AND CENTRAL BP

The superiority of central BP relative to
peripheral BP in terms of its association
with LV hypertrophy has been reported in
several studies (Table 1).1–4 A REASON study
showed that the regression of LV mass by
antihypertensive drugs was significantly
related to changes in central, but not brachial
pulse pressure (PP).5 As there is a central-
peripheral gradient in PP, central BP is a
more direct measure of afterload to the
heart than peripheral BP. However, in the
ICARe Dicomano study, the relationships
between LV mass and central or brachial BP
were not significantly different.4 As all the
participants in the Dicomano study were
elderly subjects (that is, X65 years of
age), their peripheral-central differences in
SBP were small, which may explain these
findings.
Arterial stiffness underlies the elevation of

central SBP and PP. Pulse wave velocity

(PWV) increases with stiffening of the aorta
and in turn causes an earlier return of
reflected pressure waves from the periphery
to the aorta, which augments aortic SBP and
decreases DBP. Elevated aortic SBP combined
with a relative reduction in coronary
perfusion during diastole could promote LV
concentric remodeling and hypertrophy.
Although arterial stiffness is one of the under-
lying mechanisms of increased central SBP,
Masugata et al.1 found that CAVI, an index of
arterial stiffness, was not related to LVMI
after correcting for other confounding para-
meters. As central BP is influenced by other
factors related to wave reflections, such as sex,
heart rate and body height, central BP and
arterial stiffness require different indices.
Accordingly, arterial stiffness itself, if isolated
from BP, may not correlate to LVMI. To
support this hypothesis, Roman et al.6

reported a study evaluating the relationship
between LV geometry and arterial stiffness
indices. They observed that LV hypertrophy
was correlated to a BP-dependent index of
arterial stiffness (that is,, elastic module) but
not to BP-independent indices (that is, beta
and systemic arterial compliance). CAVI is an
index derived from PWV and corrected with
BP values; thus, it is regarded as a BP-inde-
pendent index for arterial stiffness. On the
other hand, PWV is a BP-dependent index of
arterial stiffness, which has been reported to
be correlated with LVMI independent of
peripheral BP in patients with end-stage
renal disease.7

Recently, the association between PWVand
LVMI was also reported to be gender-specific
in a study of 309 untreated South Africans.8

PWV was significantly associated with LVMI
in women but not in men. The higher pre-
valence of men (62%) in the study by Masu-
gata et al.1 may in part account for the
association observed.

LEFT VENTRICULAR FUNCTION AND

ARTERIAL STIFFNESS

Masugata et al.1 found that the Tei index, an
index combining both systolic and diastolic
function, was significantly associated with
CAVI and AI, but not central BP, indicating
that LV function correlates more directly to
arterial stiffness.
Although the authors did not discuss it

much, the interaction between the heart
and the arterial system, ventricular-arterial
coupling, can be a key determinant of cardio-
vascular performance. Thus, the pathophy-
siological and clinical implications of arterial
stiffness should be considered in conjunction
with cardiac function.9–11 Age-related
increases in vascular stiffness have been
shown to accompany changes in LV stiffness
and diastolic performance.9–11

End-systolic LV stiffness, measured as end
systolic elastance (Ees), can be characterized
by the slope of the end-systolic pressure–
volume relationship. The stiffness of the
arterial system, that is the effective arterial
elastance (Ea), can be similarly assessed using
the slope of the arterial end-systolic pressure–
stroke volume relationship.9–11 Chen et al.12

have shown that age-related arterial stiffness
is matched by ventricular systolic stiffness.
Elderly patients show not only a higher Ea
but also a higher Ees, which results in the
preservation of the Ea/Ees ratio. These find-
ings indicate that cardiac stroke performance
and efficiency are preserved at near-optimal
levels in elderly subjects.9–11 However, the
elevation of both Ea and Ees indicates that
LV-systemic compliance is reduced, which in
turn causes a larger change in the LV end-
systolic pressure for any given change in
ejection volume.9 Accordingly, a modest
increase in central volume can cause a very
significant change in systolic pressure for the
heart. Also, any change in stroke volume or
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cardiac output causes BP to increase and
decrease more dramatically.9 In addition,
ventricular-arterial stiffening limits reserve
function. A healthy heart enhances cardiac
output by increasing heart rate, recruiting
preload and systolic contractile function.
Although peripheral vascular resistance
decreases under such conditions, Ea typically
increases due to the combined effects of the
increased heart rate and arterial pulsatility.9

Contractile enhancement would normally be
reflected by an increase in Ees, but in cases
where basal Ees and Ea are already elevated,
reserve function is reduced. An increase in Ea
will enhance systolic hypertension during
exercise and then limit the capacity of the
heart to eject while at the same time imposing
an increased energetic demand on the heart.9

Arterial stiffness increases myocardial oxygen
consumption, and ventricular systolic stiffen-
ing augments this effect.9

The ventricular-arterial coupling attracts
much attention because it has been postu-
lated as one of the pathophysiological
mechanisms in heart failure with normal
ejection fraction, along with LV diastolic
dysfunction and cardiac volume overload.10

It is also important to note that ventricular-
arterial coupling to arterial stiffness and LV
diastolic function has been shown in different
populations, including hypertensive patients.10

One mechanism by which increased arterial
stiffness may directly affect diastolic function
and ventricular relaxation involves the effect
of the early return of the reflected pressure
wave, which augments the late-systolic pres-
sure and causes a compensatory increase in
ejection duration that in turn results in a
delay in ventricular relaxation and a prolong-
ing of the time constant of isovolumic relaxa-
tion.11 The Tei index used in the study by
Masugata et al.1 is the ratio of the sum of the
isovolumic systolic and isovolumic diastolic
time to ejection time. The correlation of

CAVI to the Tei index may be explained in
part by the above mechanism. Central BP is a
composite product of arterial stiffness, AI and
BP, whereas the Tei index may be more
directly related to a BP-independent arterial
stiffness index.
Similar findings have been reported in a

study investigating the correlation between
LV diastolic dysfunction and aortic PP, bra-
chial PP and PWV in elderly subjects with
normal LV systolic function.13 PWV appears
to be greater to central and brachial PP for
the identification of preclinical LV diastolic
dysfunction.
Clinically, it is very important to use the

right index to identify the correct condition.
As shown by Masugata et al.,1 BP, especially
central BP, is more appropriate for detecting
LV hypertrophy, while a more direct index of
arterial stiffness (that is, CAVI or PWV), is
more relevant to LV function, especially LV
diastolic function. Ventricular-arterial cou-
pling is an important mechanism underlying
these associations.

SURROGATE MARKER

Many lines of evidence have shown that
central BP is a better predictor of future
cardiovascular events, including death, than
peripheral BP. In addition, it has been repeat-
edly shown that PWV predicts cardiovascular
mortality independent of BP. Although there
have been no studies comparing central BP
and CAVI as predictors of future cardiovas-
cular events, it has been shown that carotid
SBP is independently related to fetal and non-
fetal cardiovascular events, while in the
ICARe Dicomano study a stiffness index did
not correlate.4 Wang et al.3 observed in their
longitudinal study that central SBP was sig-
nificantly related to cardiovascular mortality
even after adjusting for confounding para-
meters, including PWV. The Strong Heart
Study showed that central PP and an arterial

stiffness index (beta) were significantly
related to the occurrence of cardiovascular
events.14 In the CAFE study, central PP, but
not PWV, was significantly lower in the
amlodipine regimen than in the atenolol regi-
men, which could explain the difference in
clinical outcomes between the two regimens
in ASCOT.15 These findings may suggest that
central BP be used as a surrogate marker for
future cardiovascular events independent of
arterial stiffness.
Although antihypertensive drugs did not

have an apparent effect in the study by
Masugata et al.,1 the next important question
to ask is whether the improvement of central
BP and CAVI by antihypertensive drugs actu-
ally improves LV hypertrophy and function,
in other words, whether these parameters
should be used as a surrogate marker in
clinical practice.
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