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Background: Cardiovascular disease (CVD) is a common problem of middle-aged and older
adults. Increased arterial stiffness is a CVD risk factor. Whole-body vibration (WBYV) is a simple
and convenient exercise for middle-aged and older adults; however, there have been few studies
investigating the effect of WBV on arterial stiffness. This study mainly investigated the effect
of WBYV on arterial stiffness in middle-aged and older adults.

Methods: A total 0of 38 (21 women and 17 men) middle-aged and elderly subjects (average age,
61.9 years) were randomly divided into the WBV group and the control group for a 3-month
trial. The WBYV group received an intervention of 30 Hz and 3.2 g WBYV in a natural full stand-
ing posture at a sports center. The brachial-ankle pulse wave velocity (baPWV), a marker of
systemic arterial stiffness, and blood pressure and heart rate were measured before and after
the intervention.

Results: After 3 months, there were no significant changes in blood pressure or heart rate in both
groups. However, the bilateral baPW'V was significantly reduced in the WBV group (decreased
by 0.65 m/second [P=0.014]; 0.63 m/second [P=0.041] in either side), but not in the control
group. The comparison between the two groups was not statistically significant.

Conclusion: This study found that 3 months of WBV had a positive effect on arterial stiffness
in middle-aged and older adults and could therefore be regarded as a supplementary exercise.
Larger-scale studies are needed to confirm the effects of WBV in the future.
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Introduction

Cardiovascular disease is one of the major causes of death worldwide. In the United
States, the average annual rate for having a first cardiovascular event rose from three per
1,000 men aged 35-44 years to 74 per 1,000 men aged 85-94 years from 1980-2003.!
Increased aortic stiffness is an independent predictor of cardiovascular mortality in
hypertensive patients,” and increased arterial stiffness is an independent risk factor
for cardiovascular disease.’

Arterial stiffness can be measured by the following three kinds of noninvasive
methods: the relationship between changes in vascular caliber and changes in blood
pressure, pulse wave velocity (PWV), and augmentation index (Al), which is calculated
from the blood pressure waveform. PWYV is regarded as the standard for arterial stiffness
measurement.* PWV can be measured in different ways, the most commonly studied
of which include brachial-ankle pulse wave velocity (baPWV), leg PWYV, and carotid—
femoral pulse wave velocity (cfPWV). Some studies have proposed that arterial stiffness
may contribute to increased cardiac afterload and left heart failure.>* Chow et al compared

submit your manuscript
Dove

http:

Clinical Interventions in Aging 2014:9 821-828 821
© 2014 Lai et al. This work is published by Dove Medical Press Limited, and licensed under Creative Commons Attribution — Non Commercial (unported, v3.0)

Al License. The full terms of the License are available at http://creati fl /by-nc/3.0/. Non- ial uses of the work are permitted without any further
permission from Dove Medical Press Limited, provided the work is properly attributed. Permissions beyond the scope of the License are administered by Dove Medical Press Limited. Information on
how to request permission may be found at: http://www.dovepress.com/permissions.php



http://www.dovepress.com/permissions.php
http://creativecommons.org/licenses/by-nc/3.0/
www.dovepress.com
www.dovepress.com
www.dovepress.com
http://dx.doi.org/10.2147/CIA.S60029
mailto:lmc9951@gmail.com

Lai et al

Dove

various methods of measuring PWV (baPWYV, leg PWV, and
cfPWV), Al, and ankle—brachial index with left ventricular
failure. They found that only baPWV and the cardiac ultra-
sound early-late filling rate ratio were significantly correlated.”
The validity and reproducibility of baPWV measurements
are high, and it seems to be an acceptable marker reflecting
vascular damage and systemic arterial stiffness.® baPWV cor-
relates well with arterial stiffness and is a useful index to assess
arteriosclerosis.” Furthermore, it is relatively low-cost and
quick for the assessment of arteriosclerosis and atherosclerosis
in a community.'®!! Therefore, this study used baPWYV as a
tool to measure arterial stiffness.

Arterial stiffness is mainly treated with antihypertensive
drugs, especially renin—angiotensin—aldosterone system
inhibitors. According to the findings of previous studies, in
addition to their blood pressure-lowering effect, these inhibi-
tors also inhibit inflammation caused by peroxide, thereby
reducing vascular stiffness.!? The drugs involved in arte-
rial stiffness include aminoguanide, pyridoxamine, and
OPB-9195. Aminoguanide increases blood vessel dilation
and reduces PWV. However, it is clinically believed that a
high dosage of aminoguanide will increase the risk for glom-
erulonephritis.”* !> The other two drugs are still involved in
animal experiments.'® Exercise is also a method of reducing
arterial stiffness other than medicine. In 2007, Tabara et al
conducted a 6-month trial in which elderly subjects engaged
in 30 minutes of moderate- to high-intensity aerobic exercises
twice per week. The results discovered that such exercise
can reduce arterial stiffness and blood pressure.!” However,
the relationship between resistance exercise and arterial
stiffness has been debated. Miyachi reviewed eight articles
on random clinical trials, finding that resistance training in
middle-aged subjects was not associated with changes in
arterial stiffness, that high-intensity resistance training was
significantly associated with an increase in stiffness, and
that moderate-intensity resistance training showed no such
association. '

Whole-body vibration (WBV) has become a popular
exercise. WBYV generates an oscillating movement on a plate
and transmits vertical acceleration to muscle and bone." Its
mechanism of stimulating muscle spindles and alpha motor
neurons initiates reflex muscle contractions.? WBYV is benefi-
cial for enhancing leg muscle strength and improving muscle
power and balance in older people.??? Furthermore, it may
reduce bone loss in postmenopausal women.??

There are a number of published studies on the effects
of WBYV training on cardiovascular systems. Increased
blood flow in healthy people after WBV training has been

found in some studies,” %’ and there were similar results
in Friedreich’s ataxia and spinal cord injury patients.?®?
However, regarding arterial stiffness, studies on WBV are
relatively few. In 2008, Otsuki et al proposed that baPWV
is significantly reduced 40 minutes after WBYV, but that it
returns to the baseline 60 minutes after.’® Figueroa et al
pointed out that arterial stiffness can be reduced in young
overweight and obese women after 6 weeks of WBV and in
postmenopausal women with prehypertension and hyperten-
sion after 12 weeks of WBV.>!32 However, there have been
no studies focusing on middle-aged and older adults. This
study aimed to investigate the effects of 3 months of WBV
on arterial stiffness in middle-aged and older adults. This
study hypothesized that 3 months of WBV training would
result in a significant decrease of arterial stiffness in middle-
aged and older adults.

Methods
Subjects

This study was a randomized controlled trial. The subjects
who met the inclusion criteria as community-dwelling
middle-aged and older adults were recruited through adver-
tisements from February 2013 to June 2013. As shown in
Figure 1, a total of 50 middle-aged and older adults were
recruited, of whom 43 met the inclusion criteria. In the end,
a total of 38 subjects completed the study. The inclusion
criteria were age 50 years and older, the ability to follow the
protocol, a lack of regular exercise at least three times per
week, and blood pressure =140/90 mmHg with or without
drugs. The exclusion criteria were acute hernias or throm-
bosis, kidney stones or bladder stones, a history of seizures,
arrhythmia, use of a pacemaker, severe cardiovascular or
lung disease, dizziness, and being hospitalized or undergoing
surgery in the last 6 months. The subjects were all notified
of the research purpose and relevant information, and they
all consented with understanding. This study was approved
by the Institutional Review Board of Jianan Mental Hospital
(Tainan, Taiwan).

Study design

A total of 43 subjects met the inclusion criteria. They were
randomly assigned to either the WBV group or the control
group (CON group) by computer-generated numbers. During
the trial, the two groups of subjects were required to follow
their original living habits and to continue taking their medi-
cation. The WBYV group received vibration trainings three
times per week in the hospital’s sports center. The subjects
stood barefoot on the platform of the machine in a natural, full
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Assessed for eligibility
(n=50)

A 4

Excluded (n=7), did not
meet inclusion criteria
as per questionnaires

A 4

Randomized and
measurement of baPWV,
BP, and HR (n=43)

v

Intervention (n=21), whole-body
vibration training, 5 minutes/session
x3/week x3 months
(frequency, 30 Hz; magnitude, 3.2g)

Dropped out (n=2) because of lack
of interest

|

Measurement of baPWV, BP, and
HR (n=19), analyzed at month 3

Figure | Flowchart of this trial.

v

Control (n=22), not to engage in
any type of exercise or lifestyle
change

Dropped out (n=3) because of lack
of interest

|

Measurement of baPWV, BP, and
HR (n=19), analyzed at month 3

Abbreviations: baPWYV, brachial-ankle pulse wave velocity; BP, blood pressure; HR, heart rate.

standing position. The source of vibration was a WBV device
(LV-1000; X-trend Fitness Equipment, Luntai Enterprise Co,
Ltd, Taichung, Taiwan). The vibration was horizontal at a fre-
quency of 30 Hz (1 Hz=1 oscillation/second), and the magni-
tude (acceleration) was 3.2 g (gravity, 1 g=9.81 m/second?).
A well-trained physical therapist was responsible for execut-
ing the WBYV training and for monitoring the safety of the
subjects. The baPWV, systolic blood pressure, diastolic blood
pressure, mean artery pressure, and resting heart rate before
the training and 3 months after training were measured
using a PWV/ABI automatic device (VP-2000; Omron
Healthcare Inc., Vernon Hills, IL, USA). The measurement
was implemented by an experienced technician who had no
knowledge of the subjects. In the measurement, appropriate
cuffs were selected to wrap the elbow joint (brachial artery)
and ankle (posterior tibial artery). The brachial-ankle dis-
tance was automatically inputted after entering each subject’s
height into the machine. The transit time was the time gap
between the start of the electrocardiogram’s R-wave and the

reception of the waveform in four limbs. The baPWV can be
automatically computed in the instrument according to the
transit time and distance. To avoid any immediate effect after
a single training, the second measurement was conducted
2 days after the last training.

Statistical analysis

The statistical analysis software used in this study included
Statistical Package for the Social Sciences, Windows
version 14 (SPSS Inc., Chicago, IL, USA) for data analysis.
Descriptive statistics included the mean and standard devia-
tion, the chi-square test, and the independent #-test for the
baseline characteristics. This study used a paired-samples
t-test to compare the change in baPW'V, blood pressure, mean
artery pressure, and heart rate of the two groups before and
after the intervention. The effects between the two groups
were tested using an independent #-test. This study adopted
P<<0.05 as the level of statistical significance in the two-
tailed analysis.
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Results

Among 43 middle-aged and elderly subjects, five subjects
dropped out because of lack of interest during the trial.
Therefore, a total of 38 subjects (88%) completed the
program. During the entire program, none of the subjects
experienced adverse effects such as dizziness, pain, or
falls.

The basic data and parameters before the intervention
can be seen in Table 1. A comparison showed there were no
significant differences in sex, age, body mass index, bilateral
baPWYV, bilateral systolic blood pressure, bilateral diastolic
blood pressure, bilateral mean artery pressure, or resting heart
rate, suggesting the subjects were properly randomized.

After the 3 month trial, the WBV and CON groups had
no significant intragroup or intergroup differences in bilateral
systolic pressure, bilateral diastolic pressure, bilateral mean
artery pressure, or resting heat rate (Table 2).

As shown in Table 3, the bilateral baPWV of the
WBYV group and the CON group after 3 months were
1,462.31204.2, 1,452.2+180.4 (compared with the pre-
test, P=0.014 and P=0.041), and 1,615.9£399.1 and
1,616.6£388.9 (compared with the pretest, P=0.958 and
P=0.504), respectively. There was a significant decrease
in bilateral baPWV of the WBV group, although there was
no obvious change in that of the CON group. However,
the difference of posttest and pretest between the two
groups did not reach statistical significance in either side
(P=0.164 and P=0.382) (Figure 2). The change between
the two groups indicated that the bilateral baPWV in the
WBYV group decreased by 3.7%%6.1% and 3.4%16.5%,

Table | Baseline characteristics of the sample (mean * standard
deviation)

WBV CON P-value

Number (N=38) 19 19 -

Sex, M:F 9:10 811 1.000
Age, years 60.145.9 63.619.8 0.188
Body mass index, kg/m? 23.5+1.9 22.9+1.9 0.440
Rt baPWV, cm/second 1,527.4+263.8 1,616.6+440.6  0.453
Lt baPWYV, cm/second 1,514.94+253.9 1,639.9+446.1  0.296
Rt SYS BP, mmHg 123.249.9 125.1£18.3 0.670
Lt SYS BP, mmHg 120.9+12.1 123.2%17.4 0.653
Rt DIA BP, mmHg 79.9t7.4 80.417.9 0.732
Lt DIA BP, mmHg 78.318.3 78.318.4 1.000
Rt MAP, mmHg 94.11£7.6 95.149.9 0.654
Lt MAP, mmHg 92.318.7 92.9+10.6 0.842
Heart rate, beats/minute 72,1+ 1.4 7324112 0.754

Abbreviations: WBY, whole-body vibration; CON, control; Rt, right; baPWV,
brachial-ankle pulse wave velocity; Lt, left; SYS BP, systolic blood pressure; DIA BP,
diastolic blood pressure; MAP, mean artery pressure.

whereas that of the CON group increased by 0.8%12.1%
and decreased by 0.7%%1.8%.

Discussion

The loss in muscle mass over time, particularly the loss in
leg muscle mass in women and men, is related to increased
baPWV.333 Exercises, especially resistance exercises, have
been proven to increase muscle mass.** Some studies also
have shown that aerobic exercise can improve arterial stiff-
ness in healthy adults and older adults.'”*® However, aero-
bic exercises are not suitable for patients with disabilities;
therefore, WBV training can be provided as an alternative
or supplementary exercise. WBV has some adverse effects,
including dizziness, headaches, and falls; however, these can
be minimized when exposure is of low intensity and for a
short duration.’” Thus, it is important to select the vibration
model and the duration of the intervention.

This study was pilot research on the effect of WBV on
arterial stiffness in middle-aged and older adults. The most
important finding in this study is that after 3 months of 30 Hz
and 3.2 g horizontal WBYV training, the bilateral baPWV
were significantly reduced (P=0.014 and P=0.041). However,
compared with the control group, there was no significant
difference; meanwhile, the two groups had no significant
changes in bilateral blood pressure or heart rate.

The mechanism of how WBYV reduces arterial stiffness
is still not clear. In addition, WBV may have various effects
on the human body’s physiological functions when different
frequencies, durations, postures, and exercise modes are
applied.®® It was found that short-term WBYV may reduce leg
PWYV by enhancing the release of local contraction-related
vasodilator factors and nitric oxide.***° The baPWV consists
of the aortic PWV and leg PWV. Repeated exposure to local
vasodilator substances may explain the long-term reduction
in baPWYV after WBYV training.*

Regarding the immediate effects of WBV on arterial
stiffness, Otsuki et al*” used 20 Hz WBV on young healthy
men in a static squat position with knee bending and found
a reduction of baPWV 40 minutes after WBV. However,
the baPWV returned to baseline 60 minutes after vibration.
Figueroa et al*® used 30 Hz WBV on young men in a static
squat posture and found that WBYV attenuated the increase of
baPWV in response to sympathetic overactivity by postex-
ercise muscle ischemia.

In a review of the effect of WBYV for a period of time on
arterial stiffness, Figueroa et al’! studied young overweight
and obese women for 6 weeks, using 25-30 Hz WBV
with a set of dynamic and static exercises. They found that
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Table 2 Comparative effects after 3 months on blood pressure and heart rate in the WBYV and CON groups (mean + standard

deviation)
Within groups Between-
WBV CON group
Pre Post P-value Pre Post P-value P-value
Rt SYS BP, mmHg 123.249.9 121.3£12.2 0.462 125.1+18.3 121.9+16.5 0.207 0.711
Lt SYS BP, mmHg 120.9£12.1 120.8%11.7 0.958 123.2+17.4 125.1£17.9 0.564 0.637
Rt DIA BP, mmHg 79.9+7.4 80.9£10.9 0.694 80.4+7.9 79.9+9.9 0.810 0.643
Lt DIA BP, mmHg 78.318.3 80.1+8.8 0.449 78.318.4 77.0+10.5 0.481 0.225
Rt MAP, mmHg 94.1£7.6 94.2+10.9 0.964 95.1£9.9 93.8£10.9 0.474 0.630
Lt MAP, mmHg 92.31£8.7 93.519.1 0.571 92.9£10.6 90.9£11.5 0.121 0.184
Heart rate, beats/minute 72.1£11.4 73.4£10.4 0.508 73.2%11.2 76.5£10.7 0.259 0.581

Abbreviations: WBV, whole-body vibration; CON, control; Re, right; SYS BP, systolic blood pressure; Lt, left; DIA BP, diastolic blood pressure; MAP, mean artery

pressure.

arterial stiffness and blood pressure could be apparently
improved. Similarly, they studied postmenopausal women
with prehypertension and hypertension for 12 weeks, using
25-40 Hz of WBV with a set of dynamic and static exercises
and found that arterial stiffness and blood pressure could
be significantly improved.’?> These two studies by Figueroa
et al produced different baPWV decreases (0.4 m/second
and 1.3 m/second) because of differences in the subjects’
ages, vibration frequencies, and intervention period. Our
research mainly studied middle-aged and adults older than
50 years, and unlike the two studies mentioned earlier,*'*? the
vibration frequency was fixed on 30 Hz, and subjects used a
natural full standing position on the vibrating plate. We found
that bilateral baPWV of the WBV group decreased by 0.65
m/second and 0.63 m/second, respectively. The degree of
decrease is between that in the previous two studies. Thus, it
can be seen that WBV contributes to the decrease of arterial
stiffness of middle-aged and older adults, as well as women,
as in the previous finding. We also found that 3 months of
WBYV could not cause blood pressure changes. Unlike in the
previous two studies, this may be caused by the selection of
different groups of people. The subjects of the previous two
studies were overweight and obese women or postmenopausal
women with prehypertension and hypertension who all were
at a high risk of high blood pressure. The subjects in our

study were middle-aged and older adults with normal blood
pressure during the trial.

There were some limitations to this study. First, the
number of cases was insufficient, and the intervention was
short. As a result, it may not have properly displayed the
comparison between the WBV group and the CON group.
Second, blank WBV was not provided to the CON group,
and a double-blind design could not be implemented in this
study. Third, this study could not engage in stratified analy-
sis because of its small sample size. The ability to display
which group of people can benefit from WBV will make a
difference in the judgment and suggestions of physicians.
Fourth, the subjects were not told to refrain from smoking and
drinking beverages containing caffeine before assessments,
which could interfere with the measurements. Moreover,
different WBV characteristics have varying physiological
effects.*' The findings of this study are not applicable to
the WBYV training of different models. In the future study,
a big sample size with appropriate controlled and layered
analyses is required to confirm the effectiveness of WBV
on arterial stiffness.

Overall, this study suggested that 3 months of WBV had
a trend to improve the arterial stiffness of middle-aged and
older adults. The findings suggest that WBYV, for a certain
period of time, may have an effect on arterial stiffness.

Table 3 Comparative effects after 3 months on baPWV in the WBYV and CON groups (mean = standard deviation)

WABY and CON, Within groups Between group Change in P-value
cm/second Pre Post P-value Diff P-value baPWV (%)

WABYV Rt baPWV 1,527.4+263.8 1,462.3+204.2 0.014* —65.1+£104.7 0.164 —3.7%16.1% 0.091
CON Rt baPWV 1,616.7+440.6 1,615.9+399.1 0.958 —0.7£167.1 0.8%+2.1%

WABYV Lt baPWV 1,514.9+253.8 1,452.2+180.4 0.041* -62.7£123.9 0.382 —3.4%+6.5% 0.240
CON Lt baPWV 1,639.9+446.1 1,616.6+388.9 0.504 —23.3+149.2 —0.7%+1.8%

Notes: *P<<0.05; change in baPWYV (%) = (post baPWV—pre baPWV)/pre baPWV x 100%.

Abbreviations: WBY, whole-body vibration; CON, control; Rt, right; baPWYV, brachial-ankle pulse wave velocity; Lt, left.
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Figure 2 Bilateral brachial-ankle pulse wave velocity (baPWV) of pretest and posttest after 3 months of whole-body vibration group (WBV) and control group (CON).

*P<0.05 versus pre-test.
Abbreviations: R, right; Lt, left.

However, the period of effectiveness and the reduction in
the incidence of cardiovascular disease must be confirmed
by more comprehensive, large-scale studies.

Conclusion

This study concluded that 3 months of WBV may reduce
arterial stiffness in middle-aged and older adults and, thus,
can be used as a supplementary exercise. However, its effec-
tiveness needs to be confirmed by future studies.
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