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Hypertension is a well-known, important
risk factor for the development of

atherosclerosis and a strong predictor of
cardiovascular morbidity and mortality.
Although it has been more than half a century
since blood pressure was first routinely
assessed in the doctor’s office, high blood
pressure cannot, yet, be successfully prevented
or controlled.1 The diagnosis and treatment
of hypertension depends on correct measure-
ment of blood pressure. However, this simple
procedure is likely to involve several pitfalls,
and the accuracy of blood pressure measure-
ments is often reduced. In previous clinical
studies, blood pressure measured in the doc-
tor’s office has been the standard, with multi-
ple measurements permitting the calculation
of an average for diagnosis and treatment.
Previous epidemiological studies show that
an average of office measurements proved to
be an independent risk factor for high cardi-
ovascular morbidity and mortality. Currently,
data on various aspects of blood pressure,
observed in various settings, have been col-
lected for analysis. Home-based blood pres-
sure measurement is able to identify so-called
‘white-coat’ hypertension and correlates with
target-organ damage better than blood pres-
sure values measured in the doctor’s office.2 A
number of studies using the evaluation of
patterns of blood pressure variability over
time have also been reported.3 At present,
we can detect a variety of blood pressures
under various conditions as well as blood
pressure variability over time (Table 1); even-
tually, we would like to know which blood
pressure measurement, or its variability, is the
most important measure for predicting the

development of atherosclerosis and the occur-
rence of cardiovascular events. Matsui et al.4

recently reported that the maximum home
systolic blood pressure measured in the
morning and evening for 14 consecutive days
had the best predictive value for hypertensive
target-organ damage, suggesting that athero-
sclerosis might be the most strongly associated
with transient blood pressure fluctuations.
Blood pressure is always altered and signi-

ficantly fluctuates from beat to beat in some
cases, especially in patients with arrhythmia.
Essentially, blood pressure is physiologically
controlled by several systems based on neural
receptors, such as baroreceptors, chemorecep-
tors and central nervous system ischemic
response, and is easily shifted to another
level within seconds (Figure 1).5 In addition,
several hormonal and some minor systems
modulate blood pressure within minutes.
Finally, the kidney-fluid volume system affects
blood pressure within hours or days. Guyton
described how this latter factor contributes the
most to controlling blood pressure after the
arterial pressure suddenly becomes abnormal.6

In this issue of the Journal, Diaz
et al.7 estimated blood pressure, including
visit-to visit and ambulatory blood pressure
variability, office blood pressure and 24-hour
blood pressure, in nonmedicated African
Americans after a low-fat, low-salt diet and
compared the values with flow-mediated
vasodilation (FMD), nitroglycerin-mediated
dilatation (NMD) and their ratio. They con-
cluded that an increase in blood pressure
variation, such as visit-to-visit systolic blood
pressure variability, 24-hour systolic blood
pressure variability and 24-hour diastolic
blood pressure variability, is associated with
reduced endothelial function as well as
reduced vascular smooth muscle function.
The assessment of FMD has been proposed
to represent a functional bioassay for
endothelium-derived nitric oxide (NO) bio-

availability in humans and endothelial dys-
function is an early event in atherosclerosis.8

So far, extensive epidemiological evidence has
consistently indicated that endothelial dys-
function of the coronary artery has a pivotal
role in the development of atherosclerosis and
cardiovascular disease.9 Similarly, it is possi-
ble that the assessment of endothelial func-
tion in the brachial artery may predict long-
term cardiovascular risk, regardless of the
method used for the assessment.
On the basis of the results obtained in this

paper, Diaz et al.7 suggest that blood pressure
variance is a more important predictor of
cardiovascular diseases than office or home
blood pressure, although their cross-sectional
study shows only the relationship between
vascular function and blood pressure variance
and does not show a direct cause-and-effect
relation between high blood pressure and
cardiovascular events. Additionally, in this
study, a single 0.4mg dose of a sublingual
nitroglycerin tablet was given to assess
NMD, an endothelium-independent vasodi-
lation measure. Initially, NMD was used as a
control test for FMD measurement to ensure
that a reduced FMD capacity is a consequence
of endothelial dysfunction, not a reflection

Table 1 A variety of blood pressure

assessments

Aspect Blood pressure assessment

Setting Office, ambulatory, home

Time Daytime, nighttime,

Morning, postprandial

Posture Lying, sitting, standing

Variability Reading-to-reading,

Day-to-day, visit-to-visit

Instability Office and home,

Ambulatory monitoring

Reactivity Physical tests, mental tests
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of underlying smooth muscle dysfunction.10

This dose of nitroglycerin usually results
in the maximum obtainable vasodilator
response,11,12 which reflects vascular smooth
muscle function. Currently, estimated brachial
artery FMD is used to determine endothelial
dysfunction, with impaired FMD thought to
be an early sign of atherosclerosis. However,
there is evidence that NMD, endothelium-
independent vasodilation, is also impaired
in patients with atherosclerotic lesions,13

and that it poses a risk for the development
of atherosclerosis14 in addition to influencing
endothelial function because the relaxant
response of smooth muscles to an exogenous
source of NO is impaired in vessels, even at
an early stage of atherosclerosis. In normo-
tensive children with diabetes, impaired
NMD is associated with reduced FMD,
increased oxidative stress and preclinical car-
otid atherosclerosis.15 NMD should, there-
fore, receive due attention when evaluating
changes in vascular responsiveness.
Because the level of FMD is dependent on

the strength of the shear stress from blood
flow, it is reasonable to normalize FMD by
dividing the percentage of FMD by the shear
rate.16 However, it is not easy to determine
the accurate shear stress. The ratio of FMD
(%) to NMD (%) (FMD/NMD) also seems
to be an alternative and better method for
normalization of FMD, as presented in this
study, because the arterial response induced
by intrinsic NO is related to vascular smooth
function.17 Moreover, FMD appears to also

be affected by the basal brachial artery
diameter, which is related to the arterial
responsiveness because of changes in the
structural and functional properties of the
vasculature according to artery diameter.
The difference in the responsiveness by
conduit artery diameter could be normalized
by the index FMD/NMD. Unfortunately, only
a few studies have analyzed the FMD/NMD
ratio. In this paper, the authors proposed
that the FMD/NMD ratio is the best
available marker of endothelial function on
the basis of their results and the results of
others.10,17,18

Blood pressure is easily measured anytime
under various conditions, and the estimation
of blood pressure variability is currently also
easily obtainable, but the reliability of mea-
sured blood pressure levels is still low. Differ-
ences in blood pressure assessments should
receive more attention so that clinicians can
take into account differences in measurement
procedures and environmental conditions. An
approach such as that described by Diaz et al.7

using ambulatory blood pressure monitoring
can provide information on which is the
best assessment of blood pressure, allowing
researchers to refine the risk stratification for
cardiovascular disease in patients with hyper-
tension. The results obtained in these studies
are sure to be reflected in future guidelines for
the management of hypertension.
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Figure 1 Degree of activation, expressed in terms of feedback gain at the optimal pressure, of different

pressure control mechanisms after a sudden change in arterial pressure. (Redrawn from figure in the

book by Guyton 5).
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