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Abstract
Physical activity is recommended in the management of individuals with metabolic syndrome (MetS), and recent studies have
suggested whole-body vibration exercise (WBVe) for this population. The aim of this study was to evaluate the functionality
through the Short Physical Performance Battery (SPPB) in individuals with MetS after WBVe. The SPPB evaluates the balance, the
gait speed, and the lower limb strength (five-chair stand [5CS] test). Forty-four individuals with MetS were divided into WBVe
(WBVeG) and control (CG) groups. The individuals of the WBVeG performed 10 sessions of WBVe in an oscillating/vibratory
platform (OVP), barefoot, for 3 minutes at the peak-to-peak displacements of 2.5, 5.0, and 7.5 mm, with a resting period of
1 minute (total time: 18 minutes/session). The frequencies ranged from 5 up to 14 Hz. The individuals of the CG performed all the
steps of the study, but the OVP was turned off. Before the first and after the tenth session, the individuals performed the SPPB.
Significant responses were found in the WBVeG, analyzing the total score of the SPPB (P ¼ .005), the balance test (P ¼ .01), the
gait speed (P ¼ .006), and the 5CS test (P ¼ .03), resulting in the improvement of the functionality of individuals with MetS.
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Introduction

Metabolic syndrome (MetS) is characterized by complex and

interconnected physiological, biochemical, clinical, and meta-

bolic factors that directly increase the risk of cardiovascular

disease (CVD) and type 2 diabetes mellitus (T2DM).1,2 Insulin

resistance, visceral adiposity, atherogenic dyslipidemia,

endothelial dysfunction, genetic susceptibility, elevated blood

pressure, hypercoagulable state, and chronic stress are clinical

conditions related to MetS.2 Body mass index (BMI), waist

circumference (WC), waist to hip ratio, and waist to height

ratio are relevant predictors of MetS.3

According to Beavers et al,4 the presence of MetS is signif-

icantly associated with poorer physical performance in older

adults. Moreover, other researchers5 reported that patients with

chronic diseases, as MetS, generally have a poor functional

capacity due to resistance to physical activity.
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Recently, whole-body vibration exercise (WBVe) has been

considered a type of physical activity to be used in the man-

agement of various populations,6,7 especially among individ-

uals who have a resistance to perform exercise. Whole-body

vibration exercise, produced throughout the exposition of

individuals to mechanical vibration generated in an oscillat-

ing/vibratory platform (OVP), is a suitable and safe interven-

tion. There are 2 main types of OVP, side alternating and

vertical (synchronicus and triplanar).8 Whole-body vibration

exercise is reported to be an efficient and conventional resis-

tance intervention to improve strength and speed of move-

ment in older women,9,10 which could be also important to

the MetS population.

Usually the WBVe protocols are defined from parameters

that establish greater control of their effects on the individual

and make them possible to compare with other studies previ-

ously performed in the same population. For this, biomechani-

cal parameters are determined as (1) frequency (f), measured in

Hz; (2) amplitude (A)/ peak-to-peak displacement (PPD), mea-

sured in mm, and (3) acceleration peak (pacel), measured in �g.

In addition, other adjustments should be considered such as

(1) time of exposure (work) to the OVP, (2) resting time, (3)

number of repetitions, (4) session numbers, (5) periodicity of

sessions, (6) positioning of the individual on the base of the

OVP, (7) association with other interventions/exercises, and (8)

the use and type of footwear or barefoot individuals.

The WBVe effects have been evaluated after acute and

chronic exposure using different protocols,10-12 with positive

effects being found in individuals with Parkinson disease,13

osteoarthritis,14 and multiple sclerosis (MS).15 There are sev-

eral studies that evaluate the effects of WBVe in individuals

with clinical conditions related to MetS,6,7 but it is still difficult

to define an ideal protocol for this population because different

f, PPD, and consequently, varied Pacel have been used.

The WBVe effects also have been investigated in the bio-

marker responses, such as growth hormone (GH) concentra-

tion.16 In view of the already defined, direct relationship

between GH deficiency and visceral obesity, which makes up

the diagnosis of MetS, WBVe has been strongly considered as a

proposal of intervention capable of reducing obesity, favoring

the stimulation of GH and consequently preventing MetS and

its complications.

As WBVe is a viable, easy, and safe exercise modality in the

management of individuals suffering from several dis-

eases,13,17-19 its potential application in patients with MetS

could represent a promising challenge, as an aerobic exercise

that can improve insulin sensitivity and functional parameters.

Considering functional impairments associated with MetS,

such as low muscle strength and performance and loss of mus-

cle mass,20 a growing scientific interest has been presented in

the investigation of the effects of WBVe on these functional

impairments in individuals with MetS.21,22 Carvalho-Lima

et al21 found the improvement of the quality of life of individ-

uals with MetS who have performed WBVe in a protocol with

10 sessions and with a progressive and increased frequency

(5-14 Hz). This same protocol has been used by Sá-Caputo

et al22 and found an increase in flexibility and a better

functional performance of individuals with MetS after WBVe.

So far only these 2 studies have investigated some kind of

effect involving MetS and WBVe.21,22 Strength and balance

were not highlighted in these previous studies, but they were

considered in the physical domain of a questionnaire of the

quality of life of these individuals, contributing to a significant

improvement.21

Beavers et al4 reported that MetS is predictive of lower

physical performance. Figure 1 shows the interconnection of

the factors causing the MetS.1,2,23 All these factors contribute

to hamper the practice of physical activity, thus leading to a

poor functionality.4 Whole-body vibration exercise could be

considered a safe and suitable kind of aerobic exercise for this

population21,22 jointly with a healthy lifestyle and a better

nutritional habit of these individuals. Moreover, it can be sug-

gested to prevent clinical conditions related to MetS such as

obesity and T2DM.

Various tools can be used to evaluate the functionality in

individuals with different diseases.24 An appropriate, simple

Figure 1. The interconnection of the factors that cause metabolic syndrome (MetS) with the whole-body vibration exercise (WBVe) as a
suggestion of exercise modality for individuals with MetS.
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discriminative tool for identifying risk for disability progres-

sion, particularly in routine clinical care,25 is the Short Physical

Performance Battery (SPPB).

Short Physical Performance Battery has gained popularity in

the past years since it is a standardized objective tool, rapid and

simple to conduct, and scarcely influenced by cultural and

educational backgrounds, compared with self-report mea-

sures.26,27 It can be used to measure lower extremity function28

and has high predictive ability in identifying those older

adults at greater risk for hospitalization and incidence of

disability.25,29,30 Due to the characteristics of the individuals

with MetS, the SPPB would be also relevant to evaluate the

functionality in this population.

The criteria for analyzing the functionality of this study

resemble the components evaluated in the Health ABC Study4

(balance, gait, and lower limb strength) to determine the func-

tionality in individuals with and without MetS.

Putting together all the previous considerations, the aim of

this study was to evaluate the functionality through the SPPB in

individuals with MetS after WBVe. The hypothesis of this

work is that the overall functionality of individuals with MetS

may show improvement after WBVe.

Materials and Methods

Design

This investigation is a pseudorandomized controlled trial

study with alternate allocation in 2 subgroups: the WBVe

group (WBVeG) and the control group (CG). The study pro-

tocol was approved by the Ethics Committee on Research

with Humans of the Hospital Universitário Pedro Ernesto,

Universidade do Estado do Rio de Janeiro—HUPE/UERJ

(CAAE 19826413.8.0000.5259). Trials registration: UTN:

U1111-1181-1177; Brazilian Registry of Clinical Trials-

ReBEC RBR-2bghmh.

The design of the current work was performed according to

the STrengthening the Reporting of OBservational studies in

Epidemiology criteria,31 as demonstrated in Figure 2.

Individuals

The population comprised 44 outpatients of the Serviço de

Clı́nica Médica, HUPE/UERJ, aged 47 to 69 years, suffering

from MetS according to the International Diabetes Federation

(IDF), selected by a physician from September 2014 up to

October 2016. The interventions were carried out in Labor-

atório de Vibrações Mecânicas e Práticas Integrativas,

UERJ. The principles embodied in the Declaration of Helsinki

were followed.

Inclusion and Exclusion Criteria

The inclusion criteria were (1) age over 40 years old and (2)

previous clinical diagnosis of MetS, based on the criteria

described by the IDF. The exclusion criteria were (1) very high

blood pressure (�180 � 110 mmHg); (2) coronary artery

disease or stroke; (3) neurological, musculoskeletal, or rheu-

matologic diseases hampering to perform WBV exercises; and

(4) refusal to sign the informed consent form for participation.

Sample Size

For a statistical power of 95% and significance level of 5%,

a sample size of 13 patients was calculated.32

Measurements

Anthropometric characteristics. In an interview, the supervisor

asked before the protocol to the individuals about smoking

habit, diseases (T2DM and hypertension), and practice of phys-

ical activity. The answer was “yes” or “no.”

The abdominal obesity is defined by WC and it was intro-

duced as a compulsory component of MetS by the IDF.33 Waist

circumference was measured with a flexible plastic rule, using

as reference the midpoint between the last rib and the iliac

crest.34 This measurement was performed before and after the

protocol (10 sessions).

Body mass and height were measured (before and after the

protocol) on a digital balance (MIC 200 PPA; Micheletti, São

Paulo, Brazil). The BMI was calculated in accordance with the

National Health and Nutrition Examination Survey criteria,

calculated with the body mass in kilogram (kg)/height in square

meters (m2).35

Figure 2. Flow diagram according to the Strengthening the Reporting
of Observational Studies in Epidemiology (STROBE) criteria.
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Evaluation of functionality throughout the SPPB. The SPPB com-

prises 3 tests: (1) the balance test, a hierarchical assessment of

standing balance; (2) the gait speed test, a short walk at the

usual pace; and (3) the five-chair stand (5CS) test, standing

5 times from a seated position in a chair.36

The total score of SPPB can be routinely used as primary

outcome measures in randomized controlled trials,37 since it com-

bines several outcomes useful to define physical impairment. In

the current study, the individuals were subjected to the SPPB for

functional assessment before the first and after the tenth session.

Figure 3 illustrates the 3 tests of the SPPB38 performed by

the individuals. In the first test (balance test), individuals are

instructed to perform 3 different positions: (1) side-by-side

stand (Figure 3A), when the feet are together, for 10 seconds.

The score is 0-1 depending on the time the patient is able to be

in this position (0 ¼ the individuals are unable to be in this

position for 10 seconds and 1 ¼ the individuals maintain this

position for 10 seconds); (2) semitandem stand (Figure 3B),

when the individual places one foot partially in front of

another, touching the heel of the partially front foot with hallux

from behind standing, also for 10 seconds. The score is 0-1

depending on the time the patient is able to stay in this position

(0 ¼ the individuals are unable to be this position for 10 sec-

onds and 1 ¼ the individuals maintain this position for 10

seconds); and (iii) tandem stand (Figure 3C), when the individ-

ual stands with one foot in front of the other one, touching the

toes, also for 10 seconds. The score is 0-1-2 depending on the

time the patient is able to be in this position (0¼ the individuals

stay less than 3 seconds; 1¼ the individuals stay between 3 and

9.99 seconds and 2 ¼ the individuals stay for 10 seconds). The

total score range of this first test is comprised between 0 and 4.

In the second test, the gait speed test (Figure 3D), individ-

uals are instructed to walk a defined distance (3 m) with normal

and usual walking speed from a specific point and to come

back. A chronometer was used to measure accurately the gait

time. This test was performed twice and the score considers the

smallest time of the 2 attempts: 1, more than 6.52 seconds; 2,

between 4.66 and 6.52 seconds; 3, between 3.62 and 4.65

seconds; and 4, less than 3.62 seconds. If the individual was

unable to perform the walk, the score is 0.

In the third test, the five-chair stand (5CS) test (Figure 3E),

the lower limb strength is analyzed and the individuals are

instructed to stand up from a chair without the aid of their arms

with 5 repetitions, without stopping. The score depends on the

time of execution: 0, more than 60 seconds; 1, 16.70 seconds or

more; 2, between 13.70 and 16.69 seconds; 3, between 11.20

and 13.69 seconds; and 4, 11.19 seconds or less.

A chronometer (Cronobio SW2018, Brazil[AW: Please pro-

vide city for “Cronobio SW2018.”]) was used evaluate the 3

tests. The results are evaluated in 4 steps: (1) analysis of total

score of the SPPB, (2) the score of the balance test, (3) the score

of the gait speed test and the time of execution of the gait, and

(4) the score of the 5CS test and the analysis of the time to

perform the 5CS test.

Interventions

The individuals of the WBVeG (n ¼ 22) and CG (n ¼ 22)

were positioned on the side-alternating OVP (Novaplate; Fit-

ness Evolution, São Paulo, Brazil), barefoot. In the first ses-

sion, the individuals were seated on a chair in front of the

OVP with the hands kept on their knees and the feet posi-

tioned on the base of the OVP corresponding to the PPD of

2.5, 5.0, and 7.5 mm with the gravitational force of 0.12, 0.25,

and 0.35 g, respectively. The frequency of 5 Hz was used in

the first session.21,22 The work time was 1 minute with

1 minute rest in each PPD. This procedure was performed

3 times with total time of WBV exercise of 18 minutes. From

the second to the last session, patients were subjected to the

same protocol, however standing on the base of the OVP with

a squat static position (knees flexed at 130�).39 The frequency

used in the second session was 6 Hz and was increased 1 Hz in

each session. Fourteen Hz was used in the last session. The

total number of sessions was 10.

The individuals of the CG were in all the same positions

(squat static position and the feet positioned on the base of the

Figure 3. The three tests of the Short Physical Performance Battery. (a) side-by-side stand; (b) semi tandem stand; (c) tandem stand; (d) the gait
speed test and (e) the five chair stand (5CS) test.
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OVP in the PPD of 2.5, 5.0, and 7.5 mm) for the same time of

the individuals of the WBVeG; however, the OVP was turned

off. This protocol was firstly used in studies involving WBVe

and MetS.21,22

Statistical Analysis

Forty-four individuals were recruited. Four did not complete

the protocol of intervention and 1 was unable to perform the

SPPB, thus being excluded from the study in the initial evalua-

tion. Consequently, 39 individuals participated in this study:

CG (n ¼ 17) and WBVeG (n ¼ 22).

Descriptive data are given as mean and standard deviation

(SD). Shapiro-Wilk normality test was used to assess the dis-

tribution of the variable. The total score of the SPPB and of the

3 tests was presented through median (minimum-maximum)

values and the time of execution of the gait speed test and of

the 5CS test was presented through mean and SD. Wilcoxon

rank test and unpaired t test were used. The results were ana-

lyzed with the GraphPad Prism 6 program and P � .05 was

considered statistically significant.

Results

Table 1 shows the main anthropometric data of the 2 subgroups

(CG and WBVeG), and no significant differences were found

between them (P < .05). This is justified due to the slight

difference in some anthropometric parameters, demonstrating

the homogeneity of the 2 groups. Considering the total number

of individuals in each group, similar percentages for smoking

habit, T2DM, hypertension, and physical activity were found.

Table 2 shows the median (min and max) values of baseline of

the SPPB total score. Comparing the total score, before and after

the protocol, no significant difference was found in the CG. How-

ever in the WBVeG, a significant difference was found. In general,

this may suggest that the performance of individuals with MetS

who underwent WBVe improved with the proposed protocol.

Tables 3, 4, 5, 6, and 7 show the score of each test of the

SPPB, before and after the protocol WBVe of the 2 subgroups, in

addition to the time of execution of the gait speed and 5CS test.

Table 3 shows the score of the balance test, which signif-

icantly increased for individuals of WBVeG (P ¼ .01), and a

significant difference was found between the 2 subgroups

(P ¼ .0017).

Table 4 shows the score of the gait speed test, which

increased in WBVeG (P ¼ .006). Table 5 shows the time of

execution of the gait speed test (in seconds). Although there

was reduction in time in both groups, no significant difference

was found.

Table 6 shows significant difference in the score of the 5CS

test in WBVeG (P ¼ .03), indicating improvement due to the

WBVe. Table 7 shows the results of the 5CS test time. No

significant effects were found in both subgroups.

Discussion

Effects of the WBVe on the functionality of individuals with

MetS have not yet been precisely established. However, this

study aimed to point out some functional considerations in

this population, based on previous findings described in indi-

viduals with MetS.21,22

Vieira et al32 reported that the evaluation of functionality

may help to determine the degree of physical decline in people

with the MetS, thus encouraging exercise prescription to coun-

teract this impairment. It was also demonstrated that individuals

with MetS had greater metabolic risk factors and less functional

capacity, related to their reduced limb power, muscle strength,

and relative leg lean mass. The decreased muscle strength and

power in elderly women with the MetS20,21 reinforces the impor-

tance of preventive programs, including exercise, in this popu-

lation. Sievänen et al40 demonstrated that WBVe performed in

the side-alternating OVP and low frequency (12 Hz) was feasible

among elderly people for increased physical function. Zhang

et al,41 using an amplitude of 1 to 3 mm and 6 to 26 Hz as

frequency, suggested beneficial effects of WBVe in improving

the mobility function of the lower extremity and general health

status in the frail elderly people. Cheung et al,42 using low-

magnitude high-frequency vibration, demonstrated its ability to

reduce fall incidences throughout an 18-month intervention;

other than improving balancing ability and muscle strength, this

type of exercise being of great potential to produce sustainable

effects on muscle among elderly people.

Cross-sectional observational study has shown that muscu-

lar strength is inversely associated with the prevalence of

MetS.43 Ilanne-Parikka et al44 and Phelan et al45 reported that

weight reduction alone or combined with lifestyle interven-

tion is associated with a significant reduction in the preva-

lence of MetS.

Effects of the WBVe as a Component of the
Interventional Strategy in MetS

Srikanth and Deedwania46 reported that lifestyle modifications

(weight loss and regular exercise) are essential components in

the management of patients with MetS. Whole-body vibration

exercise is a neuromuscular intervention modality used for

Table 1. Anthropometrics Data of the Individuals of Study.a

Variable CG (n ¼ 17)
WBVeG
(n ¼ 22)

P
Value

Height (m), mean (SD) 1.61 (0.08) 1.63 (0.07) .32
Body mass (kg), mean (SD) 87.43 (18.02) 83.65 (16.27) .42
BMI (kg/m2), mean (SD) 32.79 (6.94) 31.16 (5.35) .15
Age (years), mean (SD) 58.20 (9.11) 61.18 (8.39) .31
WC (cm), mean (SD) 108.33 (15.55) 103.17 (11.09) .22
Smoker (%) 2 (13.33) 1 (5.26) —
T2DM (%) 7 (46.66) 7 (36.84) —
Hypertension (%) 13 (86.66) 17 (89.47) —
Physical activity (%) 5 (33.33) 4 (21.05) —

Abbreviations: BMI, body mass index; CG, control group; SD, standard devia-
tion; T2DM, type 2 diabetes mellitus; WBVeG, whole-body vibration exercise
group; WC, waist circumference.
aP � .05.
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strength training.47-50 This intervention exhibits the greatest

impact on muscle strength in elderly individuals with limited

muscle function.51 However, in the current study, all

individuals submitted to WBVe were able to perform it cor-

rectly and negative effects were not reported. Additionally,

adherence to WBVe was found and only about 10% gave up.

Table 2. Baseline SPPB Total Score.a

SPPB Total Score Before Protocol, Median (Min-Max) After Protocol, Median (Min-Max) P Value P Value#, Before/After Protocol

CG (n ¼ 17) 9 (7-10) 8 (7-11) .56
WBVeG (n ¼ 22) 9 (6-11) 10 (6-12) .005 .82/.16

Abbreviations: CG, control group; SPPB, Short Physical Performance Battery; WBVeG, whole-body vibration exercise group.
aP Value #- intergroup, P � .05.

Table 3. Balance Test Score.a

Balance Test Score Before Protocol, Median (min-max) After Protocol, Median (min-max) P Value P Value#, Before/After Protocol

CG (n ¼ 17) 4 (3-4) 4 (3-4) .07
WBVeG (n ¼ 22) 3.5 (3-4) 4 (4) .01 .88/.0017

Abbreviations: CG, control group; WBVeG, whole-body vibration exercise group.
aP Value #: intergroup, P � .05.

Table 4. Gait Speed Test Score.a

Gait Speed Test Score Before Protocol, Median (Min-Max) After Protocol, Median (Min-Max) P Value P Value #, Before/After Protocol

CG (n ¼ 17) 4 (2-4) 4 (2-4) .57
WBVeG (n ¼ 22) 3 (2-4) 4 (3-4) .006 .96/.08

Abbreviations: CG, control group; WBVeG, whole-body vibration exercise group.
aP Value #: intergroup, P � .05.

Table 5. Gait Speed Test Time.a

Gait Speed Test Time (seconds) Before Protocol, Mean (SD) After Protocol, Mean (SD) P Value P Value#, Before/After Protocol

CG (n ¼ 17) 3.97 (0.34) 3.90 (0.33) .93
WBVeG (n ¼ 22) 5.05 (0.50) 4.62 (0.37) .43 .10/.17

Abbreviations: CG, control group; SD, standard deviation; WBVeG, whole-body vibration exercise group.
aP Value #: intergroup, P � .05.

Table 6. 5CS Test Score.a

5CS Test Score Before Protocol, Median (Min-Max) After Protocol, Median (Min-Max) P Value P Value#, Before/After Protocol

CG (n ¼ 17) 2 (0-2) 2 (0-3) .45
WBVeG (n ¼ 22) 1 (0-3) 2 (1-4) .03 .75/.15

Abbreviations: 5CS, five-chair stand; CG, control group; WBVeG, whole-body vibration exercise group.
aP Value #: intergroup, P � .05.

Table 7. The 5CS Test Time in Control and WBVe Groups.a

5CS Test Time (seconds) Before Protocol, Median (SD) After Protocol, Median (SD) P Value P Value#, Before/After Protocol

CG (n ¼ 17) 15.27 (1.51) 14.50 (1.43) .10
WBVeG (n ¼ 22) 17.61 (0.87) 17.34 (1.14) .82 .16/.12

Abbreviations: 5CS, five-chair stand; CG, control group; SD, standard deviation; WBVeG, whole-body vibration exercise group.
aP Value #: intergroup, P � .05.
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The SPPB

This is the first pseudorandomized controlled trial study eval-

uating the functionality of individuals with MetS exposed to

WBVe using the SPPB. Simple objective measures of physical

performance (standing balance, gait time and sitting to rising)

and muscle strength have been used to predict the onset of

disability in older community-dwelling populations,52 which

present comorbidities that characterize MetS. For Hanson

et al,53 the 5CS test (1 of the 3 test that composed the SPPB)

is one of the best predictors of functional performance.

Total Score of the SPPB

The total score of the SPPB of this current study was signifi-

cantly changed after the intervention in the WBVeG, which

shows that, in general, the functionality of these individuals

increased due to the WBVe.

Score of the SPPB to Evaluate Effects of the WBVe on the
Balance

The score of the balance test significantly increased in individuals

exposed to WBVe (WBVeG), with a significant difference being

found between these patients and the controls. This indicates

an improvement in the balance of these individuals with MetS.

This finding is in line with previous studies, reporting pos-

itive effects of WBVe intervention in improving the balance in

individuals with anterior cruciate ligament injury,54 chronic

stroke,55,56 MS,57 elderly patients with diabetic neuropathy,49

and elderly individuals.41,58 As in all of these clinical condi-

tions mentioned, there is a loss of mobility and functional

independence, and to promote an improvement in the balance

becomes a good strategy to rescue this independence and main-

tain the quality of life of these individuals.

Score of the SPPB to Evaluate Effects of the WBVe on the
Gait

Whole-body vibration exercise is reported to improve the gait

time in different clinical conditions: Parkinson disease;59 post-

menopausal women;60 osteogenesis imperfecta;61 patients with

stroke,55,56 and children with disabling conditions.62

In the current study, the WBVeG presented a significant

increase in the score (P ¼ .006) and a decrease in the time of

execution of the gait speed test (P < .05). It suggests that the

WBVe would be relevant to the management of individuals

with MetS, particularly those with some limitation in mobility.

Whole-body vibration exercise is safe, feasible, and without

negative effects on health.

Score of the SPPB to Evaluate Effects of the WBVe on the
Lower Limb Muscle Strength

The evaluation of the 5CS test using the SPPB permits to have

information about the lower limb muscle strength.25

Bernabeu-Mora et al25 reported that the 5CS test had the

highest value for assessing mobility limitations, because stand-

ing up from a sitting position is a very common, essential

activity that reflects the potential for other daily life activities,

such as walking. Brochu et al63 also reported that lower limb

muscle strength is one of the factors correlated with postural

control in aging population.

The 5CS test has been cited in other studies with different

denominations: sit-to-stand test (Hilgers et al64; Spielmanns

et al65), “chair stand” (Coqueiro et al66), and 5-repetition sit-

to-stand test (Patel et al26). All these denominations described

an identical way of performing this test.

Authors reported significant results of this test in protocols

involving WBVe. Kawanabe et al67 found that the lower limb

muscular strength and balance performance improved signifi-

cantly in elderly people receiving 12 to 20 Hz vibration train-

ing. Hilgers et al64 found significant results to 3-week WBV

training in addition to a standard rehabilitation program that

improves walking ability in patients with MS.

Spielmanns et al65evaluated the exercise capacity in patients

with chronic obstructive pulmonary disease (COPD) through

this same test and no significant effects were found with the

training protocol used. Similarly, in this current study, no sig-

nificant values were found in the 5CS test score, also in the

time of this test. However, the increase in the time of the

execution of this test does not present impairment of the func-

tionality of the lower limbs of this population.

For the individuals with MetS evaluated in this study, the

group that performed this exercise modality presented signifi-

cant results in the 5CS test (P ¼ .03), representing an improve-

ment in the strength of lower limbs.

Although no statistical difference was found, the execution

time of this test was reduced in both groups, after the execu-

tion of the protocol. This may suggest that SPPB is an easy

execution tool for this population, which notably has poor

functionality.

Some limitations can be declared in this study. The mod-

ality, the frequency and the intensity of physical activity, and

the presence of CVD risk factors (smoking, blood pressure,

diabetes, and age) may influence the performance of the indi-

viduals during the evaluation of functionality. In this study,

the vibration wasn’t controlled by weight with no tailoring of

intervention based on patients comorbidities or tolerance.

In conclusion, the protocol proposed in this study showed the

WBVe is a feasible physical activity for individuals with MetS.

Through the adhesion to this type of aerobic activity, some

functional parameters such as balance, gait, and lower limb

strength are improved. Consequently, a better quality of life can

be offered to these individuals, contributing to what is advocated

as intervention strategy in this syndrome: a change to a better

lifestyle. However, larger and higher quality trials are needed to

determine the influence of other factors on functional effects.
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