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The ongoing development of non-invasive technology to
perform sophisticated pulse wave analysis and accurately
determine central blood pressure has facilitated study of
central blood pressure as a physiologic parameter or
biomarker. It is now possible to systematically compare the
magnitude of differences in central and brachial systolic
and pulse pressures. Furthermore, the relative importance
of central and brachial pressures in relation to both
subclinical and clinical cardiovascular disease can now be
assessed.

Central systolic and pulse pressures are systematically
lower than their brachial counterparts due to pulse wave
amplification. The major determinants of central systolic
pressure include wave reflections, vascular stiffness, left
ventricular contractility and heart rate. In theory, central
pressure should provide a more accurate representation of
the load imposed on the left ventricle and coronary and
cerebral vasculature than brachial pressure due to its closer
proximity. Arterial stiffening will result in higher central
systolic pressure and thereby impose a greater afterload on
the left ventricle whereas associated lower diastolic pres-
sure may reduce coronary perfusion pressure. This article

will review the evidence to support the adoption of central
blood pressure as a new vital sign.

Although there is ample evidence of the use of biomarkers
and other diagnostic testing without firm documentation of
their clinical utility, present-day evidence-based medicine
demands justification of use of any new biomarker, including
comparison to ‘gold’ standards and, ultimately, cost-benefit
analyses.1 The first requirement of a new biomarker is that it
be safe, accurate and reproducible. Applanation of an artery
is safe and analogous to palpation of the pulse. Numerous
studies have confirmed the accuracy of non-invasive central
pressure measurement compared to simultaneous invasive
measurements.2e4 Reproducibility has likewise been docu-
mented5 and may exceed that of brachial blood pressure
determination.6

A second requirement of a new biomarker is that bear
a relation to disease. We have examined the relation of
central blood pressure to cardiovascular target organ
damage in the Strong Heart Study. The Strong Heart Study
(SHS) is a National Institutes of Health-funded population-
based study of incident and prevalent cardiovascular
disease in 4549 American Indians which was initiated in
1988.7 In later phases of the study, echocardiography,
carotid ultrasonography, radial applanation tonometry and
genetic analyses have been added. One important aspect of
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the American Indian population is its high rates of obesity
and diabetes mellitus which foreshadow the growing
epidemic of these major public health issues in other ethnic
groups and countries.8

We compared the relations of central and brachial blood
pressures to measures of vascular hypertrophy (intimal-
medial thickness and vascular mass [arterial cross-sectional
area]) and extent of atherosclerosis (plaque score) in 3520
SHS participants who were studied in Exam 3.9 The mean
age of the group was 63� 8 years, 65% were women, 47%
were diabetic and 52% were hypertensive. Brachial blood
pressure was measured by cuff and mercury sphygmoma-
nometry using a standard research protocol and central
pressures were determined using radial tonometry (Sphyg-
moCor). Brachial systolic pressure was, on average, 10
mmHg higher than central systolic pressure. Brachial and
central systolic and pulse pressures were all significantly
(p< 0.001) related to vascular hypertrophy and extent of
atherosclerosis. By calculation of z statistics, we found that
pulse pressures were more strongly related to vascular
disease than were systolic pressures and that central
pressures were more strongly related to vascular disease
than were brachial pressures.

The relation of central and brachial pressures to left
ventricular mass and geometry were analyzed in 2585 SHS
participants in Exam 4.10 Because of the addition of the
Family Study, these participants were younger (40� 17
years) with lower prevalences of diabetes (21%) and
hypertension (33%). Left ventricular mass was adjusted to
its allometric relation to height (meters2.7), an indexation
which best adjusts for differences in body size when obesity
is prevalent and improves prediction of cardiovascular
risk.11,12 Relative wall thickness was calculated as
a measure of left ventricular geometry (higher values
indicate concentric remodeling). Again, all blood pressure
measures were strongly (p< 0.001) related to ventricular
mass and relative wall thickness. In contrast to our finding
with regard to vascular disease, systolic rather than pulse
pressures were more strongly related to left ventricular
hypertrophy and concentric geometry and, again, central
pressures were more strongly related than brachial
pressures.

These analyses support the hypothesis that central
pressures are more strongly related to cardiovascular target
organ damage than are brachial pressures. Furthermore,
we may hypothesize that absolute (systolic) pressure is
a more important stimulus to left ventricular hypertrophy
and remodeling, whereas pulsatile stress (pulse pressure) is
a more important stimulus to vascular hypertrophy and
atherosclerosis. This hypothesis is supported by previous
observations of stronger relations of brachial systolic than
brachial pulse pressure to left ventricular mass.13e15 In
addition, a recent study in a healthy Taiwanese population
noted that central pulse pressure was the strongest corre-
late of carotid intimal-medial thickness whereas central
systolic pressure was the strongest correlate of left
ventricular mass.16

A third, and more important, requirement of a new
biomarker is that it predicts development of clinical
disease. Several population-based studies provide support
for this attribute. SHS participants who were free of prev-
alent cardiovascular disease (n Z 2,403) were followed for

a mean of 4.8� 1.3 years during which time 319 fatal and
non-fatal cardiovascular events occurred.9 In Cox regres-
sion analyses using pre-specified covariates, central pulse
pressure was the strongest independent correlate of events
among blood pressure variables. The Dicomano Study,
a population-based study of elderly (�65 years of age)
individuals, followed participants for 8 years and found that
carotid pulse and systolic pressures but not brachial pres-
sures predicted incident cardiovascular disease.17 In the
recent Taiwan study, 1272 healthy individuals were
followed for 10 years. Although neither central nor brachial
pressures were independently related to all-cause
mortality, central pressures, particularly central systolic
pressure, were related to cardiovascular mortality whereas
brachial pressures were not.16

A threshold or partition value that predicts adverse
cardiovascular outcomes would be of considerable clinical
utility in providing a target for intervention strategies. As
a first step in this process, we analyzed quartiles of central
and brachial pulse pressures in SHS participants free of
cardiovascular disease who were followed for a mean of
5.6� 1.7 years during which time 344 fatal and non-fatal
cardiovascular events occurred.18 In Cox regression models,
brachial pulse pressure quartiles were of borderline
significance (p Z 0.052) in predicting outcomes whereas
central pulse pressure quartiles were highly predictive
(p< 0.001). The highest quartile of central pulse pressure
(�50 mmHg) was the only quartile significantly related
(p Z 0.003) to outcome. Central pulse pressure �50 mmHg
was significantly related to incident cardiovascular disease
in both men and women, in diabetics and non-diabetics and
in those above and below the ages of 60 or 65 years.

The ultimate requirement of a biomarker is that action
taken to alter that biomarker improve clinical outcome and
in a cost-effective manner. Suggestive but not definitive
data exist to support this attribute. It is generally known
that vasodilating drugs are more effective in lower central
systolic pressure for a given brachial pressure than are
diuretics or traditional beta-blocking agents. As a corollary,
perindopril-based therapy resulted in greater lower of left
ventricular mass than did atenolol-based therapy in the
REASON study.19 In the large ASCOT Study, the improved
clinical outcomes noted in amlodipine-based based therapy
compared to atenolol-based therapy were independent of
greater blood pressure lowering in the amlodipine-based
arm.20 An explanation for this outcome may be found in the
CAFÉ substudy wherein a subset of ASCOT participants
underwent central blood pressure determination following
one year of therapy.21 Although brachial systolic and pulse
pressures were lowered to a similar degree in both thera-
peutic arms, central systolic and pulse pressures were
significantly lower (4 and 3 mmHg, respectively) with
amlodipine-based therapy. Thus greater lowering of central
blood pressure may explain overall results in the ASCOT
Study. Similarly, the greater clinical benefit of losartan-
based therapy compared to atenolol-based therapy noted
in the LIFE Study, despite comparable lowering of brachial
pressures, may be explained by greater lowering of central
blood pressure by losartan.22

In order to firmly establish central blood pressure as
a new vital sign and important biomarker, it will be
necessary to establish normative values in large population-
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based samples of healthy individuals over a broad age
range, similar to efforts in the Anglo-Cardiff Collaborative
Trial.23 This study has clearly demonstrated that central
systolic pressure cannot be inferred from brachial systolic
pressures. In addition, conclusive documentation that
lowering of central blood pressure improves clinical
outcome, independent of lowering of brachial blood pres-
sure, is required.
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