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Dynamic whole-body vibration training: a unique
upstream treatment from the muscle to the arterial
system and central hemodynamics
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Obesity is a serious health problem all
over the world. This is the case not only

for adults but also for children. Childhood
obesity is generally carried over to adulthood
and increases the risk of cardiovascular death
in later life.1 It has been recognized, however,
that the impact of obesity on cardiovascular
death diminishes with increasing age.2 Thus,
adequate intervention for young obese indi-
viduals may be particularly important.
Arterial stiffness is a measure to quantify

the rigidity of the arterial wall. The arterial
wall progressively stiffens due to aging, which
induces various types of biochemical and
histological changes. Moreover, increased
intraluminal pressure, or hypertension, could
increase arterial wall stress and functionally
stiffen the arterial wall. Thus, arterial stiffness
reflects the summation of both the organic
and functional stiffness of the arterial wall.
Pulse wave velocity (PWV) is the most
commonly used measure to evaluate arterial
stiffness. It has been well recognized that
PWV increases with age, high blood pressure
and hyperglycemia and thus reflects the
summation of major cardiovascular risks.3

Carotid-femoral PWV (aortic stiffness) is
the gold standard for the evaluation of arterial
stiffness, but brachial-ankle PWV (systemic
arterial stiffness) has been recognized as
useful as well. Both PWV measures have been
reported to be independent predictors for
cardiovascular morbidity in the general popu-
lation as well as in hypertensive, diabetic, and
other high-risk populations, such as end-stage
renal disease patients. Thus, PWV has now

been considered as a novel biomarker in the
management of cardiovascular diseases.3,4

Previous reports on the relationship
between obesity and PWV have been contra-
dictory. Some reports have shown that high
body mass index is associated with higher
carotid-femoral PWV, while others have
demonstrated an opposite relationship.5,6

Similar findings have been reported for
brachial-ankle PWV.7,8 The reason for the
discrepancy is not fully understood, but
central and peripheral fat may exert opposite
influences on arterial stiffness.9 It has been
shown in apparently healthy adults that
greater trunk fat is associated with higher
carotid-femoral PWV, while the opposite
relationship has been observed for peripheral
fat and carotid-femoral PWV. Moreover,
peripheral lean body mass was more strongly
and negatively related to carotid-femoral
PWV than peripheral fat. In other words,
some degree of protection can be provided
either by fat or lean body mass in the limbs.
Thus, the influence of higher body mass
index on PWV could be very different,
depending on whether central obesity or
lower body obesity is present. These data
strongly suggest that body composition could
modulate arterial stiffness. Exercise interven-
tion to reduce trunk fat and/or to increase
muscle mass could be a new modality for the
improvement of arterial stiffness.
Muscle mass and strength decrease with

age. This phenomenon is called sarcopenia. It
has been reported that sarcopenia predisposes
individuals to disability, dependence, and
institutionalization. Several studies have
shown that sarcopenia is associated with
advanced arterial stiffening.10 Thus, the
increased cardiovascular risk in elderly people

can be derived, in part, from decreased
muscle mass. This relationship could be
further worsened by the accumulation of
visceral fat with aging. Therefore, a safe and
effective modality to reduce visceral fat and
increase muscle mass is likewise important
for elderly people to prevent not only disabi-
lities but also cardiovascular diseases.
Advanced systemic arterial stiffness is asso-

ciated with elevated wave reflection and
increased central blood pressure, which
reflects a more accurate load to the heart
and thereby more closely correlates with
adverse cardiovascular events than brachial
blood pressure.11 Exercises to increase
muscle mass may have favorable effects on
arterial function and central hemodynamics.
Evidence suggests that high-intensity resis-
tance training is the preferred exercise
modality to improve muscle strength and
mass. However, the effects of high-intensity
resistance training on arterial function may be
adverse12 or controversial13 and has not been
well established. Thus, an effective and
safe training modality that leads to arterial
destiffening and the lowering of central
blood pressure would be of great clinical
importance.
In this issue of Hypertension Research,

Alvarez-Alvarado et al.14 examined the effects
of dynamic whole-body vibration training
(WBVT) on systemic arterial stiffness,
central blood pressure, wave reflection and
muscle volume and strength in young, seden-
tary overweight/obese women. Thirty-eight
young (21 years old) overweight/obese
women were randomized to WBVT (n= 25)
or a non-exercising control (n= 13) for
6 weeks. The WBVT group performed
dynamic leg exercises on a vertical vibration
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platform. The training volume progressively
increased over the 6-week training period.
For arterial stiffness measures, brachial-ankle
(systemic arterial stiffness), carotid-femoral
(aortic stiffness) and femoral-ankle (leg arter-
ial stiffness) PWVs were examined. Aortic
pressure, augmented pressure and augmenta-
tion index were derived from radial pressure
waveform analysis. Arm and leg lean masses
as well as total body fat were evaluated by a
whole-body dual-energy X-ray scan.
Leg muscle strength was significantly

increased in the WBVT group than in the
control group, while none of the body
composition measures changed in either
group. WBVT significantly reduced carotid-
femoral PWV (Po0.05), femoral-ankle PWV
(Po0.01) and brachial-ankle PWV (Po0.01)
compared with controls. The reduction in the
brachial and aortic systolic blood pressures
and the augmentation index (Po0.05) follo-
wing WBVT was significant compared to
controls (Po0.05). The reduction in the
carotid-femoral PWV was correlated with
a relative increase in leg muscle strength
(r=− 0.41, Po0.05). Moreover, the reduc-
tion in the brachial-ankle PWV was corre-
lated with decreases in the femoral-ankle
PWV (r= 0.53 Po0.001), aortic systolic
blood pressure (r= 0.46, Po0.001), augmen-
ted pressure (r= 0.28 Po0.05), and augmen-
tation index (r= 0.37 Po0.01).
This unique, randomized interventional

study demonstrated for the first time that
dynamic WBVT could reduce not only aortic
stiffness but also muscular artery stiffness,
which was associated with an increase in leg
muscle strength. This means that isometric
exercise is not mandatory with WBVT to
reduce arterial stiffness. This is very impor-
tant because isometric exercise often elicits
exaggerated blood pressure increases, which

could be harmful for high-risk individuals
such as obese individuals.15 Moreover, the
increase in muscle strength, but not muscle
mass, was enough to reduce arterial
stiffness. Thus, dynamic WBVT is a safe
and effective modality for the improvement
of arterial function in young overweight/
obese women.
Another important finding of this study is

that decreases in the aortic systolic blood
pressure, augmented pressure and augmenta-
tion index were related to the decrease in
brachial-ankle PWV. These relationships with
carotid-femoral PWV were not described in
the text, but the authors indicated that a
reduction in peripheral arterial stiffness was
important for the decrease in reflex wave
from the periphery. The constant mechanical
stimulation to the leg arteries during the
vibration exposure could result in greater
shear stress-mediated increases in circulating
nitric oxide, which could explain the
improvements in leg arterial stiffness and
the augmentation index.14,16 Thus, it is clear
that the leg arteries are not just conduits
for blood supply; rather, in cooperation
with the leg muscles, they could be involved
in the regulation of central hemodynamics.
We should focus not only on aortic stiffness
but also on leg artery stiffness to more
correctly understand the origin of reflex
waves and central hemodynamics. Figure 1
summarizes the possible influences of
dynamic WBVT on arterial function and
central hemodynamics in young overweight/
obese women.
Finally, there are two important issues that

deserve clarification. First, there are many
populations that need safe and effective
exercise modalities to improve arterial func-
tion. As noted above, elderly people with
sarcopenia are a large candidate population

because society is progressively aging in many
countries. Hemiplegic patients after stroke
may also be considered, because it has been
reported that muscle mass is decreased and
leg artery stiffness is increased at hemiplegic
sites compared with non-hemiplegic sites.17

Second, the mechanism linking muscle func-
tion and large-artery function should be
clarified. In a previous study that showed
the negative relationship between peripheral
lean mass and carotid-femoral PWV in
apparently healthy adults, higher peripheral
lean mass was associated with greater femoral
artery diameter.9 They speculated that an
increase in muscle mass demands more blood
supply, resulting in a larger size adaptation of
the artery, which would potentially slow pulse
wave propagation. Unfortunately, the changes
in arterial size were not investigated in this
study. The close link between an increase in
muscle strength and a reduction in carotid-
femoral PWV following WBVT suggests that
some humoral interaction may exist between
muscles and large arteries.
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