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Benefits of whole-body vibration training on arterial
function and muscle strength in young overweight/
obese women

Stacey Alvarez-Alvarado1, Salvador J Jaime1, Michael J Ormsbee1,2, Jeremiah C Campbell1, Joy Post1,
Jacob Pacilio1 and Arturo Figueroa1

The early arterial dysfunction linked with obesity and a sedentary lifestyle heightens the likelihood of suffering from future

cardiovascular events. Whole-body vibration training (WBVT) may improve systemic arterial stiffness (brachial-ankle pulse wave

velocity (baPWV)) and muscle strength in pre- and post-menopausal women. However, the effectiveness of WBVT to impact the

arterial segments included in baPWV is unknown. The aim of this study was to investigate the effects of WBVT on aortic and

leg arterial stiffness in young sedentary overweight/obese women. Thirty-eight young (21 years) overweight/obese women were

randomized to WBVT (n=25) or a nonexercising control (CON, n=13) groups for 6 weeks. PWV, brachial and aortic blood

pressures (BP), wave reflection (augmentation index (AIx)) and leg muscle strength measurements were acquired before and after

6 weeks. WBVT significantly reduced carotid-femoral PWV (aortic stiffness, Po0.05), femoral-ankle (leg arterial stiffness,

Po0.01) and baPWV (systemic arterial stiffness, Po0.01) compared with CON. The reduction in brachial systolic BP (SBP),

heart rate, aortic SBP, aortic diastolic BP, AIx normalized to a heart rate of 75 beats per min (AIx@75; Po0.01) and AIx

(Po0.05) following WBVT was significant compared with CON (Po0.05). WBVT increased leg muscle strength compared with

CON (Po0.001). There was a significant negative correlation between changes in relative muscle strength and aortic stiffness

(r=−0.41, Po0.05). WBVT led to reductions in arterial stiffness, central BP and wave reflection in young obese women. WBVT

may be an effective intervention toward vascular health promotion and prevention in young overweight/obese women

(ClinicalTrials.gov identifier: NCT02679898).
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INTRODUCTION

The impact of excessive adiposity on hypertension is increased with
aging, especially in women.1 Peripheral (brachial and femoral)
arterial stiffness (pulse wave velocity (PWV)) increases with higher
levels of obesity at an early age in both sexes.2 Interestingly, adults
with obesity aged 20–30 years have higher aortic PWV when
compared with individuals in lean and overweight categories.3

Although increased aortic PWV is a characteristic of arterial
aging,4 obesity has a greater adverse impact on aortic PWV in
middle-aged and older women than men.2 Unlike older adults,
recent data suggest that elevated systolic blood pressure (BP)
precedes increases in aortic PWV in young adults.5 Furthermore,
individuals with obesity also have elevated pressure wave reflection
(augmentation index (AIx))6 and aortic BP7 that more accurately
reflect loading conditions of the left ventricle and, thereby, relate
better to adverse cardiovascular events than brachial BP.8 Accord-
ingly, effective interventions targeting for improvements on arterial

function in women with obesity are critical for prevention of
hypertension and cardiovascular disease at a young age.
Low muscle strength and mass are negatively related to the

incidence of hypertension9 and increased PWV.10 It is well recognized
that exercise training is an essential component in the prevention,
treatment and management of obesity.7,11–13 Abundant evidence
supports that resistance training (RT) at high intensity is the preferred
exercise modality to improve muscle strength and mass.14

Nevertheless, the effects of whole-body high-intensity RT on arterial
function seem to be adverse, although controversial,7,15 in young
healthy adults as shown by increases in AIx and aortic but not leg
PWV in women.16 Therefore, an effective strength training modality
that results in concurrent improvements in BP and arterial function
(AIx and PWV) would be of great clinical importance in young
women with obesity.
Whole-body vibration training (WBVT) is an exercise mode that

involves static or dynamic movements on a vibrating platform.
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Previous studies have shown that WBVT evokes similar muscle
strength adaptations as RT progressed from low to high intensity in
postmenopausal women.17 However, strength gains with these two
training modalities cannot be generalized to other populations,
particularly in healthy adults involved in intense RT. Improvements
in muscle strength have been observed in young11 and
postmenopausal18 sedentary women with overweight/obesity after 6
to 12 weeks of WBVT. We reported improvements in AIx and
systemic PWV (brachial-ankle PWV (baPWV)) following 6 weeks of
WBVT in young overweight/obese women.11

Because static and dynamic exercises were performed and only
baPWV was examined, it was unclear which muscle contraction
(static or dynamic) and arterial segment in baPWV (leg or aortic
PWV) were responsible for the improvements in arterial function and
muscle strength. Recently, Bush et al.19 indicated that dynamic whole-
body vibration exercise produces greater muscle strength benefits
when compared with static exercise in young nonresistance trained
men and women. Moreover, dynamic squats during whole-
body vibration exercise might attenuate the exaggerated BP responses
to static squats reported in obese women.20 Importantly, because
dynamic muscle contractions characterize conventional resistance
training and could consequently translate into functional improve-
ments (for example, activities of daily living), the vascular effects of
dynamic exercises need to be investigated.
The purpose of this study was to examine the effects of dynamic

WBVT on arterial function (BP, AIx and PWV) and muscle strength
in young overweight/obese women. We hypothesized that WBVT
would improve arterial function and leg muscle strength compared
with a nonexercising control group (CON).

METHODS

Participants
Thirty-eight healthy young (aged 18–25 years) overweight/obese women
(body mass index: 27–40 kg m− 2) were enrolled in this study. Women were
free of chronic diseases (verified through medical history questionnaires),
nonsmokers and sedentary (defined as o120 min per week of light–moderate
intensity exercise for the past 6 months). Exclusion criteria included body mass
index o25 and 440 kg m− 2, hypertension, epilepsy, gallstones, kidney stones,
arthritis, intense migraines, hernias, cardiovascular and metabolic diseases,
nonconsolidated fractures, recent operative wounds, herniated disks or metal
implants. Additional exclusion criteria were pregnancy, amenorrhea or irregular
bleeding and/or taking any medications that affected the outcome variables.
Because of the short duration of the study, only women with stable ovulatory
cycle duration over at least the past 2 months were eligible for participation.21

In addition, none of the participants had previous experience with WBVT.
Women were recruited from around the community through announcements
and direct communication. The study protocol was approved by the Institu-
tional Human Subject Committee and all participants provided written
informed consent to participate in the study.

Study protocol
We used a parallel experimental design. Following an initial screening and
familiarization session, eligible women were randomly assigned (2:1) to one of
the following groups: WBVT or CON for 6 weeks (Figure 1). Randomization
was stratified by body mass index (o or 430 kg/m2). Researchers were
blinded to group assignment. Participants reported to the laboratory for
assessments before and after the 6 weeks. Measurements were conducted in
the morning after an overnight fast (at least 8 h), at the same time of the day
(±1 h in order to avoid diurnal variations), at least 48 h after the last training
session (to avoid the acute effects of exercise) and during the placebo phase of
oral contraceptives or late luteal/early follicular phase of the ovarian cycle
(to avoid the vasoprotective effects of estrogens).21 Participants were requested
to refrain from nonsteroidal anti-inflammatory drugs, caffeine, alcohol

consumption or any unaccustomed physical activity 24 h before each visit.
Cardiovascular measurements were collected in a quiet temperature-controlled
room (22–24 °C) following at least 10 min of rest in the supine position.
Following the resting vascular measurements, body composition and leg muscle
strength were assessed. Participants were asked to maintain their usual diet and
lifestyle during the study period (verified through food/physical activity logs).

Anthropometry and body composition
Height was measured using a stadiometer to the nearest 0.01 m, and body
weight was measured using a Seca Scale (Sunbeam Products, Boca Raton,
FL, USA) to the nearest 0.1 kg. Body mass index was calculated as weight
(kg)/height (m2). Waist circumference was measured to the nearest 0.1 cm
using a tape measure at the level of the iliac crest after a normal expiration. Arm
and leg lean mass as well as total body fat (%) were evaluated by a whole-body
DEXA scan (Lunar TM DPX-IQ, Madison, WI, USA).

Arterial stiffness
BaPWV, carotid-femoral PWV (cfPWV), and femoral-ankle PWV (faPWV)
were acquired using an automatic device (VP-2000; Omron Healthcare, Vernon
Hills, IL, USA). BP cuffs were wrapped around both arms (brachial artery) and
ankles (posterior tibial artery) and two tonometers were placed over the right
carotid and femoral arteries in order to obtain PWV measurements of the three
arterial segments. The distance from the carotid to the femoral artery was
measured using a segmometer and introduced into the device before acquiring
the measurements, whereas the distance between sampling points of baPWV
and faPWV was automatically calculated according to the participant’s
height.22,23 The carotid, femoral, brachial and tibial arterial waveforms were
recorded simultaneously by the tonometers and cuff sensors, and the transient
time was calculated automatically by relating the foot of each waveform to the
R-wave of the electrocardiogram. Two measurements were collected at each
time point and averaged for data analysis.

Figure 1 Diagram for the experimental study. WBVT, whole-body vibration
training.
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Brachial and aortic hemodynamics
Brachial systolic BP (SBP) and brachial diastolic BP were measured using a
validated automatic device (Omron HEM-907XL Pro Healthcare, Vernon Hills,
IL, USA) and used to calibrate the radial waveforms obtained from a 10 s epoch
using a noninvasive pencil-like high-fidelity transducer (SPT- 301B; Millar
Instruments, Houston, TX, USA). The arterial pulse waveforms were obtained
from the radial artery of the left arm using applanation tonometry. Aortic
pressure waveforms were synthesized from the radial pressure waveform using
a validated generalized transfer function (SphygmoCor; AtCor Medical, Sydney,
Australia). Aortic SBP (aSBP) and aortic diastolic BP were obtained from the
synthesized aortic wave. The aortic wave is composed of a forward wave
(resulting from the ejection of the stroke volume) and a reflected wave (returns
to the aorta from peripheral sites when it hits points of reflection). Augmented
pressure was calculated as the difference between the reflected wave and the
forward wave amplitudes. Tr (reflection time) denotes the travel time of the
forward wave to the peripheral reflecting sites and back to the aorta.24 AIx and
Tr were previously used as markers of wave reflection and aortic stiffness,
respectively.25 Because of the negative association between heart rate and AIx,
AIx was normalized to a heart rate of 75 beats per min (AIx@75). In addition,
only high-quality (operator index ⩾ 80%) aortic hemodynamics and the
average of two measurements were used in the analysis. For all measurements
derived from pulse wave analysis, the intraclass correlation coefficient in our
laboratory calculated on two separate days in a subsample was 40.92. All
measurements were acquired by the same experienced technician.

Muscle strength testing
The one-repetition maximum (1RM) was obtained by finding the maximum
load that the participant could move through a full range of motion for the leg
press exercise (MedX, Ocala, FL, USA). At least 72 h later, participants repeated
the 1RM test. The highest measurement was considered as the 1RM in the
analysis. The 1RM test was supervised and recorded by the same trained
researcher before and after the 6 weeks.

Whole-body vibration training
Both WBVT groups performed three supervised training sessions per week.
Participants performed the following four dynamic leg exercises on a vertical
vibration platform (pro5 or pro6 AIRdaptive; Health Performance Interna-
tional, Northbrook, IL, USA): (1) squats at a 90° knee angle (180° considered as
full knee extension), (2) semi-squats at 120° knee angle, (3) wide-squat at 90°
knee angle and (4) calf-raises (maximal heel elevation). Dynamic exercises
were performed with controlled movements (through the use of a metronome
(60 beats per min)) at a rate of 3 s for both eccentric and concentric
contractions. The training volume progressively increased over the 6-week
training period by increasing the intensity of the vibration (frequency: 30 to
35 Hz; amplitude: low–high), the duration of the exercise set (30–60 s), the
number of sets per each exercise (2–8) and total duration of the training session
(11–30 min). Rest periods (60 to 45 s) were progressively decreased between
sets. All training sessions were performed under careful supervision from
certified personal trainers and researchers. The selected training protocol
(intensity progression) (Table 1) was based on that previously used in young
and postmenopausal women with obesity.11,18,26 All the participants performed
the exercises barefoot to avoid any variations and/or alterations in the
propagation of the vibration to the upper body because of fabric (for example,
sock thickness).

Statistical analysis
Normal distribution of the data was confirmed by the Shapiro–Wilk test.
Unpaired t-test was used to detect possible differences in parameters
between groups at baseline. Between- and within-group comparisons were
performed with a two-way analysis of variance with repeated measurements
(groups (WBVT vs. CON)× time (0 weeks vs. 6 weeks)) with Bonferroni
adjustments. If a significant time effect and/or group-by-time interaction was
detected, appropriate post hoc tests were used. Pearson’s correlations were
performed to examine the relationships among changes in muscle strength and
PWV as well as central hemodynamics. Statistical analyses were performed
using SPSS, version 21.0 (SPSS, Chicago, IL, USA). Statistical significance was
set a priori at Po0.05. Data are presented as mean± s.e.m.

RESULTS

Thirty-eight participants were included in the statistical analysis as
four participants decided to discontinue their participation in the
study because of time commitment (Figure 1). Compliance to the
WBVT sessions was 98%. Importantly, none of the women in the
WBVT group reported any unfavorable symptoms/signs or adverse
side effects resulting from the vibration stimulus.

Participant characteristics, body composition and muscle strength
Participant characteristics, body composition and muscle strength at
baseline and following the 6-week period are presented in Table 2.
Groups did not differ in any of the variables at baseline. There were no
significant changes in any characteristic, except for muscle strength.
Leg muscle strength increased in the WBVT group when compared
with the CON group (Po0.001).

Hemodynamics and arterial function
Table 3 displays PWV, BP, heart rate and wave reflection at baseline
and 6 weeks. Women did not differ in any of the arterial parameters at
baseline. Following WBVT, significant time and group-by-time inter-
actions were observed for baPWV, faPWV, brachial SBP, heart rate,
aSBP, aortic diastolic BP, AIx@75 (Po0.01), cfPWV (Figure 2) and
AIx (Po0.05) as compared with CON. There was a significant
reduction in Tr following WBVT (Po0.05). There were no significant
changes in brachial diastolic BP in any of the groups. Reductions in
cfPWV (r=− 0.41, Po0.05) were correlated with relative increases in
leg muscle strength. Moreover, reductions in baPWV were correlated
with decreases in faPWV (r= 0.53 Po0.001), aSBP (r= 0.46,
Po0.001) (Figure 3a), augmented pressure (r= 0.28 Po0.05) and
AIx@75 (r= 0.37 Po0.01) (Figure 3b).

DISCUSSION

This study evaluated the effects of WBVT on arterial function and
muscle strength in sedentary, young overweight/obese women. We
found that 6 weeks of WBVT significantly improved arterial stiffness
(aortic, leg and systemic), central blood pressures and wave reflection
accompanied by significant increases in leg muscle strength. To our
knowledge, this is the first study to evaluate the effects of solely
dynamic WBVT on arterial function.
BaPWV, an accurate measure of systemic arterial stiffness with a

clinical validity similar to cfPWV, is mainly composed of cfPWV and
faPWV corresponding to central and peripheral arterial stiffness,
respectively.22 Increased baPWV and cfPWV have been associated
with prehypertension in normotensive adults without obesity.27 Recent
evidence indicates that obesity does not increase cfPWV;28 yet, there
are increases in peripheral brachial29 and leg PWV (faPWV).30

Decreases in baPWV have been previously shown by our group and
others following 6 to 12 weeks of WBVT consisting of both static and

Table 1 Whole-body vibration training protocol

Week Frequency (Hz) Amplitude Sets Time (s) Rest time (s)

1 30 Low 2 30 60

2 30 Low 4 30 60

3 30 High 4 45 60

4 35 High 6 45 60

5 35 High 6 60 45

6 35 High 8 60 45
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dynamic leg exercises in young11 and postmenopausal women with
obesity12,26 and older adults.31 Consistent with previous work,11 our
present findings demonstrate that dynamic WBVT reduced baPWV
and faPWV in young overweight/obese women, suggesting that
isometric exercises in WBVT are not required to promote arterial
unstiffening. Therefore, the beneficial effects of WBVT are primarily
revealed on the leg arteries in young and older women with
obesity.12,26 Yet, significant reductions in cfPWV differed from the
CON group. Similar decreases in cfPWV, but not in faPWV, have
been reported after intense aerobic training with longer duration in
young and middle-aged lean women.32 A recent meta-analysis
concluded that aerobic training has a greater effect on baPWV than
cfPWV, but this benefit is enhanced with higher intensity in
participants with increased PWV.33 In contrast, previous reports have
indicated that short-term moderate- to high-intensity RT is ineffective
to reduce cfPWV in young normotensive adults,15,34 young men with

obesity7 and middle-aged women.32 Nonetheless, the only study that
has observed decreases in faPWV, but not in cfPWV, following high-
intensity RT was conducted for 8 weeks in young overweight
prehypertensive adults,34 a population with high cardiovascular risk
and are, consequently, more prone for improvements in vascular
parameters. In general, RT has shown neither negative nor positive
influence on PWV.33 Therefore, our findings are important because
WBVT is an effective low-intensity strength exercise modality with
positive effects on central and peripheral arterial stiffness in young
women with obesity, a population at risk for early arterial aging.35

Higher aortic AIx and BP have been reported in women than in
men as well as in obese than in lean individuals.36,37 However, it is
important to note that a current controversy exists on the impact of
obesity on AIx.6,7 Although obesity may increase AIx@75 in adoles-
cents and young adults, it does not coexist with hypertension.37

Women in this study were normotensive and exhibited an elevated
AIx@75 (~13%) at baseline. These findings confirm previous reports
from our group indicating that WBVT is effective in decreasing
AIx@75 following 6 weeks of WBVT in young and older women with
obesity.11,38 This hemodynamic effect of WBVT has not been observed
in most of the studies following high-intensity RT in young men7,15

and older adults.39 Only high-intensity aerobic training, but not high-
intensity RT, has shown effectiveness in reducing AIx.33 The exception
was a study by Beck et al.34 who reported that high-intensity RT
reduced AIx@75 by 5.7% in young overweight prehypertensive adults.
Interestingly, men in the previously addressed studies had negative
AIx,7,15 whereas Beck et al.34 and the current study exhibited baseline
values of 4% and 15%, respectively. Consistent with the previous study
in young adults (26.7% women),34 short-term strength training
decreases AIx@75 mainly through reductions in leg arterial stiffness.
In this study, the WBVT protocol reduced aSBP that more

accurately reflect the loading conditions of the left ventricle than
brachial SBP.8 The decline in aSBP in this study is consistent with
findings observed following high-intensity RT in young men with
overweight and obesity.7,15 Interestingly, these studies demonstrated
no decreases in AIx or cfPWV, suggesting that reduction in central BP
may precede changes in cfPWV in young adults.5 We found that
decreases in aSBP, augmented pressure and AIx@75 (measures of wave
reflection) were related to the decrease in baPWV, a more peripheral
measure of PWV. The constant mechanical stimulus to the leg arteries
during the vibration exposure could explain the improvements in
faPWV and AIx@75 via greater shear stress-mediated increases in
circulating nitric oxide, as observed in young active women40 and
postmenopausal women with obesity.13 It is pivotal to note that the

Table 2 Participant characteristics, body composition and muscle

strength before and after 6 weeks

CON (n=13) WBVT (n=25)

Variable 0 Weeks 6 Weeks 0 Weeks 6 Weeks

Age 21±1 — 20±1 —

Height (m) 1.62±0.02 — 1.64±0.01 —

Weight (kg) 82.1±2.8 82.0±3.0 82.1±2.0 82.2±1.8

BMI (kg m−2) 31.3±1.1 31.3±1.1 30.7±0.7 30.7±0.6

WC (cm) 102.2±1.5 102.4±1.4 100.7±1.4 100.3±1.3

Body fat (%) 44.8±1.6 44.4±1.8 43.6±0.8 43.4±0.7

Arm LM (kg) 4.6±0.2 4.7±0.2 4.7±0.2 4.7±0.2

Leg LM (kg) 15.8±0.7 15.8±0.7 15.9±0.5 16.2±0.4

Leg 1RM (kg) 369±27 367±27 364±13 425±11a,b

Abbreviations: BMI, body mass index; CON, overweight/obese control; LM, lean mass; 1RM,
one-repetition maximum; WBVT, whole-body vibration training; WC, waist circumference.
Data are mean± s.e.m.
aPo0.001 different than baseline.
bPo0.001 different than CON.

Table 3 Hemodynamics and arterial function measurements before

and after 6 weeks

CON (n=13) WBVT (n=25)

Variable 0 Weeks 6 Weeks 0 Weeks 6 Weeks

baPWV (m s−1) 10.6±0.1 10.5±0.1 10.9±0.2 10.3±0.1‡b

cfPWV (m s−1) 7.7±0.1 7.8±0.1 7.8±0.2 7.6±0.1*a

faPWV (m s−1) 8.6±0.1 8.6±0.1 8.9±0.1 8.6±0.1†b

bSBP (mm Hg) 108±3 109±3 108±1 104±1†b

bDBP (mm Hg) 69±2 70±2 70±1 69±1

HR (b.p.m.) 63±2 67±2 69±2 66±2*b

aSBP (mm Hg) 100±2 100±2 100±1 95±1‡b

aDBP (mm Hg) 72±1 73±2 72±1 69±1†b

AIx (%) 15.0±2.7 15.0±2.4 15.8±1.0 12.3±1.0†a

AIx@75 (%) 9.5±2.7 11.2±3.2 12.7±1.0 7.8±1.0‡b

Tr (ms) 144±3 153±6 146.3±3 152.0±3*

Abbreviations: aDBP, aortic diastolic blood pressure; AIx, augmentation index; AIx@75, AIx
adjusted at a heart rate of 75 beats per min; aSBP, aortic systolic blood pressure; baPWV,
brachial-ankle pulse wave velocity; bDBP, brachial diastolic blood pressure; bSBP, brachial
systolic blood pressure; cfPWV, carotid-femoral PWV; CON, overweight/obese control; faPWV,
femoral-ankle pulse wave velocity; HR, heart rate; Tr, reflection time; WBVT, whole-body
vibration training.
Data are mean± s.e.m.
*Po0.05, †Po0.01, ‡Po0.001 different than baseline.
aPo0.05, bPo0.01 different than CON.

Figure 2 Changes in aortic stiffness after 6 weeks of whole-body vibration
training (WBVT, n=25) and control (CON, n=13). cfPWV, carotid-femoral
pulse wave velocity. *Po0.05 different than CON.

Vibration on arterial and muscle strength
S Alvarez-Alvarado et al

490

Hypertension Research



clinical usefulness of wave reflection is more prominent in younger
adults, especially in women because of higher AIx than men.25

Our finding of leg muscle strength increases following WBVT is in
accordance with previous studies in untrained pre- and post-
menopausal women with obesity following 6 to 12 weeks of
WBVT.11,18,38 Muscle strength is essential in the successful perfor-
mance of daily-living tasks. Because various daily (for example,
walking) and recreational (for example, running) activities involve
repetitive contractions of the thigh muscles and individuals with
obesity fatigue at a greater rate,41 overall motor performance may be
hindered. In addition, the increases in muscle strength seen in this
study may have important clinical implications as muscle strength
tends to decline at a faster rate than muscle mass with aging.42

Therefore, incorporating a safe, time-efficient and low-intensity
exercise modality to previously sedentary young women could not
only serve as an alternative in the prevention and treatment of obesity-
related vascular complications but also early muscle dysfunction. In
this study, we noted that increases in leg muscle strength (~17.7%)
were related to decreases in cfPWV. In contrast, Croymans et al.7 did
not observe decreases in cfPWV following a 12-week high-intensity RT
in young obese men despite increases in leg muscle strength (~31.3%).
Our findings suggest that WBVT leads to concurrent improvements in
muscle strength and aortic stiffness in young obese women.

Our study has certain limitations. The effects of longer duration
WBVT in young women remain to be elucidated. Because participants
of this study were young women, measurements were scheduled based
on their self-reported first day of the menstrual cycle. We minimized
the confounding effects of menstrual cycle by only including
women with regular menstrual cycle duration over at least the past 2
months.21 Moreover, a clear mechanism to explain the results cannot
be proposed because of lack of measurements of endothelial function
that are valuable in the interpretation of vascular adaptations following
exercise interventions. In addition, the protocol utilized in this study
had unique characteristics and, therefore, limits its comparability to
other studies utilizing conventional exercise modalities.

CONCLUSIONS

In conclusion, our findings demonstrate that dynamic WBVT is
effective in improving arterial stiffness, wave reflection, aortic BP and
muscle strength. Dynamic WBVT may be considered an efficient
strength exercise modality at a young age for the prevention of future
cardiovascular events. In addition, dynamic WBVT seems to be a safe
and time-efficient exercise modality for young sedentary women with
obesity.
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