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Abstract This study aimed at examined the effect of a

12-week whole body vibration (WBV) training program on

leg blood flow and body composition in people with type 2

diabetes mellitus (T2DM). Forty participants were ran-

domly assigned to either a WBV training group (WBV;

n = 20) or usual-care control group (CON; n = 20). Body

composition [waist circumference, waist to hip ratio

(WHR), weight, height, percentage of body fat and fat-free

mass], heart rate, and blood flow [femoral artery diameter,

maximum systolic velocity, maximum diastolic velocity

(DV), time averaged mean, pulsatility index and resistance

index (RI), mean velocity (Vmed), and peak blood velocities

(PBV)] were assessed at baseline and after 12 weeks.

There were significant increases in the blood flow

(p = 0.046), Vmed (p = 0.050), and DV (p = 0.037) after

WBV compared with CON. Within-group analysis showed

significant differences in Vmed, PBV, and DV in the WBV

group. Significant decreases after the intervention in weight

(p \ 0.001), waist circumference (p \ 0.001), WHR

(p \ 0.05), and body fat (p \ 0.05) were also found, with

significant between-groups decreases in all these outcomes

in the WBV group. Significant correlations existed between

changes in percent body fat and blood flow [blood flow

(-0.761), Vmed (-0.607), PBV (-0.677), and RI (0.0510)].

WBV training can be considered an effective means to

increase leg blood flow and to reduce adiposity in patients

with T2DM.

Keywords Doppler ultrasound � Femoral artery � Body

fat � Fat-free mass � Vibration training

Introduction

The prevalence of type 2 diabetes mellitus (T2DM) is

increasing and is reaching epidemic proportions world-

wide. Obesity, hypertension, insulin resistance, and

hyperglycemia may contribute to the impaired arterial

function in T2DM (Chudyk and Petrella 2011; Gerich

2007). Reduction in peripheral blood flow in T2DM is

endothelial dependent (Lalande et al. 2008; Lohman et al.

2007). Arteries in lower extremities develop more severe

dysfunction than those in upper extremities in middle-aged

adults with T2DM (Silber et al. 2007).

Exercise therapy has been reported to reduce hyper-

glycemia, insulin resistance, dyslipidemia, and hyperten-

sion which lead to improved vascular function in T2DM

(Sato et al. 2007) and, therefore, is recognized as a cor-

nerstone of diabetes management (Chudyk and Petrella

2011). Evidence of vasodilation following aerobic and

resistance exercise training in individuals with T2DM

(Okada et al. 2010) suggests that exercise increases arterial
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diameter and skeletal muscle glucose uptake which con-

tribute to favorable arterial and metabolic outcomes (Bloor

2005). Recent studies have shown that aerobic exercise

training improves femoral artery blood flow (Mikus et al.

2011) and intra-abdominal adipose tissue in individuals

with T2DM (Terada et al. 2013). Resistance training also

has been shown to improve endothelial function in over-

weight women (Olson et al. 2006) and likewise to improve

insulin sensitivity in elderly subjects with or without

T2DM (Dela and Kjaer 2006). Unfortunately, patients

suffering from T2DM are characterized by a compromised

exercise tolerance (Regensteiner 2004) and not all patients

are able to lift heavy loads (Egger et al. 2012).

Alternatively, whole body vibration (WBV), which is a

novel training intervention, has been proven to be a safe

and effective exercise modality for improving body com-

position and muscle strength in deconditioned individuals

who cannot perform conventional exercise, even in those

with T2DM (Behboudi et al. 2011). Some studies have

suggested that WBV alone or in combination with other

methods can decrease fat mass and increase muscle mass

(Fjeldstad et al. 2009; Milanese et al. 2012; Machado et al.

2010; Bogaerts et al. 2007). However, the effect of WBV

exercise on arterial function is poorly understood.

A single bout of WBV exercise was found to increase

leg muscle blood flow (Kerschan-Schindl et al. 2001;

Lythgo et al. 2009) and reduce leg arterial stiffness (Fig-

ueroa et al. 2012). Recent studies reported that repeated

bouts of WBV (Maloney-Hinds et al. 2009; Devereux et al.

2010) upregulate the nitric oxide dilator system and

improve endothelial function. However, while positive

results in vascular function were reported after acute

intermittent vibration protocols (Lohman et al. 2007;

Kerschan-Schindl et al. 2001; Lythgo et al. 2009; Maloney-

Hinds et al. 2009), others have not (Hazell et al. 2008;

Button et al. 2007) and to date, no studies have explored

the chronic effects of WBV exercise training on leg arterial

blood flow. Evidence of reduced arterial stiffness and wave

reflection in young overweight or obese non-diabetic

women following WBV exercise training (Figueroa et al.

2012) suggests that WBV may be an effective training

mode for improving leg artery blood flow.

Therefore, the aim of the current investigation was first

to measure the effect of a 12-week WBV training program

on leg blood flow in individuals with T2DM and second, to

determine whether changes in blood flow parameters after

WBV training are associated with improvements in body

composition. As WBV increases leg blood flow and redu-

ces fat mass, we hypothesized that it would provide ther-

apeutic benefits to people with diabetes characterized by

impeded leg blood flow and abdominal obesity.

Methods

Participants

Fifty-seven volunteers completed detailed medical history

questionnaires and underwent a medical examination to

determine eligibility. Participants had T2DM confirmed by

a primary care provider based on the American Diabetes

Association diagnostic criteria. Exclusion criteria included

history or evidence of advanced cardiovascular, renal or

hepatic diseases, retinopathy, nephropathy, or neuropathy,

insulin use, orthopedic, or other limitations that may

interfere with their ability to exercise safely. Participants

with HbA1c [10 % also were excluded. Moreover, par-

ticipants receiving physical therapy were excluded to avoid

possible interactions with the present intervention. Seven

patients were excluded (cardiovascular diseases n = 2;

musculoskeletal diseases n = 5) and 50 participants were

randomly assigned using a computer-generated random

number sequence to either a WBV group (WBV; n = 25)

or usual-care control group (CON; n = 25). Randomiza-

tion was undertaken by a member of the research team not

directly involved in the recruitment or assessment of

patients. The randomization sequence was not disclosed to

the researcher responsible for the day-to-day running of the

trial until patients had completed their baseline assess-

ments. All subjects provided informed consent prior to

their participation in this study, and the study was approved

by the institutional ethics committee and conducted in

accordance with the Declaration of Helsinki (2008).

Outcome measures

At baseline and after the 12-week intervention demo-

graphic information, clinical details including subject age,

weight, height, waist and hip circumference, body com-

position, duration of T2DM, and vascular function out-

comes were collected. Laboratory personnel were blinded

to group allocation. Participants were asked not to alter

their normal exercise and eating habits during the inter-

vention period (simply instructed to ‘‘eat as usual’’). In

addition, participants were instructed to describe their

dietary intake patterns during the previous 3 months.

Ultrasound measurements

Vascular function assessments were conducted in a quiet,

temperature-controlled environment. Measurements were

performed at the same time of day for individual subjects.

Subjects fasted for 8 h, abstained from alcohol and caffeine

for 12 h, and did not perform any exercise for 24 h before
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assessments. Prior to the session, subjects lay in a prone

position for a period of 5 min. Following this period, the

artery diameter and blood cell velocity outcomes of the

common femoral artery of each subjects’ right leg (about

2 cm proximal to the bifurcation of the common femoral

artery) were recorded by a pulsed color-coded Doppler

ultrasound Scanner (Philips EnVisor; Philips Medical,

Andover, MA, USA) with a 5–10 MHz broadband linear

array transducer (Philips EnVisor C, L12-3, Andover, MA,

USA). All measurements were taken by DG, and during the

recording of these variables the investigator was holding

the probe positioned parallel to the vessel with an inson-

ation angle of 60� and used the screen of the ultrasound

system as feedback to maintain the measure point in the

middle of the vessel.

All data were calculated as the average of five consec-

utive measurements. Blood flow outcomes measured were

maximum systolic velocity (SV), maximum diastolic

velocity (DV), time averaged mean (TAM), heart rate

(HR), pulsatility index (PI), which is the result of [systolic

frequency (FS) - diastolic frequency (FD)]/TAM and

resistance index (RI) which is the result of (FS - FD)/FS.

For blood cell velocity measurements, intensity weighted

mean velocity (Vmed), peak blood velocities (PBV), and

acceleration time to peak flow (Tacel) were calculated.

Finally, blood flow = Vmedp(diameter/2)2 9 60 was

determined. In order to establish the reliability of the

measurement protocol and baseline values, intraclass cor-

relation coefficients (ICC3,1) were calculated for the com-

mon femoral artery in two separate visits. These values

were found to demonstrate excellent reliability with all

ICCs above 0.86 (0.86–0.99; p \ 0.001).

Anthropometric and body composition measurements

The height and weight of the subjects were measured and

body mass index (BMI) was then calculated by dividing

weight (kg) by height squared (m2). Waist circumference

was measured at the midpoint between the lower border of

the ribs cage and the iliac crest using a non-elastic measuring

tape to the nearest 0.1 cm. Bio-electrical impedance was

used to determine body composition using Bodystat �1500

(Bodystat Ltd, Douglas, Isle of Man, UK), which is a four

terminal single frequency (500 lA at 50 kHz) analyzer.

Resistance and reactance were measured between the right

wrist and the right ankle and total body fat, fat-free mass, and

their percentages were estimated from the manufacturers’

equations. The device was tested for validity and reliability

with results showing good to excellent fat and fat-free mass

test–retest reliability within-device and between-device

when comparing the Bodystat and hydrodensitometry, dual

energy X-ray absorptiometry, and air displacement pleth-

ysmography data (Meeuwsen et al. 2010).

Whole body vibration program

All subjects underwent three supervised training sessions

per week separated by at least 48 h for 12 weeks. The

WBV training included leg exercises standing on a WBV

platform (Physio Wave 700, Globus, Italy). A training

session consisted of eight different dynamic and static

exercises (lunge, step up and down, squat, calf raises, left

and right pivot, shoulder abduction with elastic bands,

shoulder abduction with elastic bands while squatting, arm

swinging with elastic bands; ESM Appendix). During the

isometric squat exercise the participants were instructed to

stand with bent knees and hips on the platform with a 100�
knee flexion (considering 180� as full knee extension). The

dynamic exercises were performed with slow movements

at a rate of 2 s for both concentric and eccentric phases.

The vibration intensity was progressed by increasing the

frequency (12–16 Hz) and keeping a peak-to-peak dis-

placement of 4 mm. The duration of the sets was pro-

gressively increased (30–60 s) with rest periods of 30 s.

The total duration of the training session ranged from 12 to

20 min depending on the phase of periodization of the

training program.

Data analysis

The normality of the data was evaluated by the Kol-

mogorov–Smirnov test, whereas non-parametric distribu-

tion, differences between groups at baseline, and after

treatment were tested using Mann–Whitney’s. 1,000

bootstrap technique (1,000 replicates) was used for non-

parametric analysis. For intra-group comparisons (baseline

and after 12 weeks), the Wilcoxon test was used. Whereas

parametric distribution and differences between groups at

baseline were tested using t test for independent measures,

the time effects and the interaction effect (time 9 group)

were tested using repeated measures ANOVA followed by

Bonferroni’s post hoc test adjusted for age. Chi-squared

analysis was used for categorical variables in any case.

Spearman Rho correlations were used to find the relation-

ship between changes in two variables. Values are shown

as mean ± SD and statistical significance was set at

p B 0.05. All statistical analyses were performed with

SPSS version 17.0 (SPSS Inc., Chicago, IL, USA). A

previous study was used to estimate that ten subjects would

enable 80 % power to detect a 13 % increase in Vmed

(Kerschan-Schindl et al. 2001).

Results

The total number of patients who completed the trial was

40 (WBV group n = 20 and CON group n = 20). Five
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patients in the WBV did not complete the study. One

participant dropped out because of work incompatibilities,

another four could not participate due to personal reasons.

In the CON group, five participants were lost to follow-up.

Attendance at the exercise session was at least 80 %.

Characteristics of study participants are reported in

Table 1.

Table 2 shows the effects of the training program on

vascular function in both groups. There were no significant

differences in all measurements between CON and WBV

groups at baseline. Significant group interactions were found

for blood flow (p = 0.026), Vmed (p = 0.027) and DV

(p = 0.017) after the 12-week intervention. Intra-group

analysis showed significant differences in Vmed (p = 0.048),

PBV (p = 0.041) and DV (p = 0.045) in the WBV group.

The effect of the exercise program on body composition

is reported in Table 3. No significant inter-group differ-

ences before the intervention were found. Significant

group-by-time interactions in weight (p \ 0.001), BMI

(p = 0.013), waist to hip ratio (WHR) (p \ 0.05), waist

circumference (p \ 0.001), and percentage of body fat

(p \ 0.05) were found. Inter-group differences in weight

(p \ 0.001), WHR (p = 0.052), waist circumference

(p \ 0.001), and body fat (p = 0.047) were found in the

WBV group. Dietary intake and physical activity (self-

reported) were not modified during the study. As illustrated

in Table 4, Spearman’s correlation coefficients between

changes in blood flow and body composition after the

12-week intervention were significant for blood flow, Vmed,

PBV, and PI when correlated with the percentage of body

fat and the percentage of fat-free mass. There was no

significant association between changes in arterial diame-

ter, SV, DV, or Tacel with changes in the body composi-

tion outcomes. When the data were adjusted for age,

additional correlation between the changes in RI and

changes in both body fat (r2 = -0.555, p \ 0.05; Fig. 1)

were found.

Discussion

To our knowledge, this study is the first to determine the

impact of WBV training on femoral artery blood flow and

body composition in T2DM patients. The primary finding

of this study was that a 12-week WBV program can sig-

nificantly increase leg blood flow velocity and reduce DV

and PI in T2DM patients. Moreover, the WBV intervention

was effective in reducing weight, waist circumference,

WHR and the percentage of body fat. Finally, this study

provides evidence that the changes obtained in body

composition after the low-frequency vibration program are

positively associated with the changes in Vmed, PBV, PI, or

RI, mainly when data were adjusted for age.

The present study investigated the influence of a

3-month vibration-exercise program on parameters of

blood flow in T2DM patients. A major finding of the

present study is that vibration training lead to an increment

in the blood flow of the common femoral artery. To the

best of our knowledge, the current study is the first to

demonstrate the chronic effect of WBV on blood flow in a

muscular artery. In support to our result, Kerschan-Schindl

et al. (2001) reported that acute WBV (26 Hz–3 mm)

increased blood flow of the popliteal artery. Furthermore,

Lythgo et al. (2009) found that the same type of vibration

(20–30 Hz) also increased femoral artery blood flow.

However, when higher frequencies are assessed

(45–60 Hz) no increases in femoral artery blood flow were

reported in healthy people (Hazell et al. 2008; Button et al.

2007). One possible explanation to these discrepancies was

that participants were seated with knees and ankles at 90�,

which suggests that vibration transmission may have been

damped, attenuating the effect of WBV on blood flow.

Previous studies have shown that passive vibration can

acutely increase skin blood flow in the exposed limbs

(Kerschan-Schindl et al. 2001; Maloney-Hinds et al. 2009),

suggesting that part of the effect of WBV exercise on blood

Table 1 Characteristics of the participants in the study (n = 40)

Control group (n = 20) WBV group (n = 20) pa

Variables

Age (years) 67 (11) 72 (8) 0.752

Gender (% females) 50 45

Clinical variables

Years since diagnosis 8.37 (8.00) 10.11 (7.29) 0.492

T2DM-related drugs 2.10 (1.58) 2.12 (1.62) 0.961

Systolic blood pressure (mmHg) 150 (17.0) 149 (22) 0.933

Diastolic blood pressure (mmHg) 71 (13) 67 (8) 0.323

Heart rate (beats/min) 78 (12) 76 (11) 0.601

Values are mean (SD) unless otherwise indicated
a p value from Student-t for independent measurement or Chi-square analysis
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flow is due to vibration. Therefore, the possible mecha-

nisms underlying the vasodilation effects of WBV exercise

may be related to an acute increase in the production of

vasodilatory substances including metabolites (Herrero

et al. 2011a) and nitric oxide (Maloney-Hinds et al. 2009).

Another possible explanation was suggested by Lohman

et al. (2007) who reported that skin blood flow might also

increase due to friction forces applied by the mechanical

vibration on the endothelial cells at the cellular level.

Despite this, the evidence in the literature regarding

WBV on blood flow is from acute studies and to our

knowledge no study has been conducted to analyze the

impact of WBV training on arterial function. Only Figue-

roa et al. (2012) assessed the effectiveness of a 6-week

WBV training program on arterial function in young

overweight/obese women and showed significant decreases

in systemic arterial stiffness (brachial to ankle pulse wave

velocity), wave reflection, and systolic blood pressure.

Table 2 Effects of a 12-week WBV training program on vascular function in T2DM patients

Outcome Pre-test Post-test

CON (n = 20) WBV (n = 20) Inter-group

differences (pa)

CON (n = 20) WBV (n = 20) Inter-group

differences (pa)

Diameter (cm) 0.62 (0.22) 0.59 (0.23) 0.670 0.62 (0.18) 0.60 (0.22) 0.613

Blood flow (ml/min) 123.33 (81.71) 148.88 (104.58) 0.194 132.49 (68.43) 182.57 (134.02) 0.026

Vmed (cm/s) 5.57 (6.80) 8.05 (4.33) 0.107 6.70 (5.15) 11.25 (6.20)b 0.027

PBV (ms) 5.30 (4.90) 7.55 (3.61) 0.207 6.60 (4.75) 8.48 (4.99)b 0.097

SV (cm/s) 73.50 (22.66) 85.05 (37.70) 0.132 83.70 (20.21) 80.35 (30.30) 0.439

DV (cm/s) 1.44 (0.02) 1.44 (0.05) 0.392 1.45 (0.04) 1.41 (0.01)b 0.017

Tacel (ms) 0.07 (0.02) 0.08 (0.02) 0.182 0.08 (0.01) 0.08 (0.02) 0.305

VS/VD 50.75 (14.75) 56.00 (31.50) 0.224 56.25 (10.00) 53.50 (21.00) 0.381

PI 12.25 (8.11) 8.65 (5.05) 0.302 9.96 (5.27) 8.29 (6.96) 0.053

RI 0.98 (0.01) 0.99 (0.01) 0.196 0.97 (0.01) 0.98 (0.01) 0.241

Vmed mean velocity, PBV peak blood velocity, SV maximum systolic velocity, DV maximum diastolic velocity, Tacel acceleration time to peak

flow, PI pulsatility index (result of [systolic frequency (FS) - diastolic frequency (FD)]/time averaged mean), RI resistance index (result of

[FS - FD]/FS)
a p value from U Mann–Whitney analysis
b Intra-group differences in WBV following a Wilcoxon test

Table 3 Effects of a 12-week WBV training program on body composition in T2DM patients

Outcome Baseline After treatment Between-groups

differences (pc)
CON (n = 20) WBV

(n = 19)

Inter-group

differences (pa)

CON (n = 20) WBV

(n = 19)

Inter-group

differences (pb)

Weight (kg) 83.41 (19.52) 80.41 (15.02) 0.595 83.38 (19.15) 77.93 (15.48) <0.001 <0.001

BMI (kg/m2) 31.96 (5.18) 30.95 (6.89) 0.606 32.66 (5.41) 29.95 (6.84) 0.619 0.013

WHR 0.92 (0.08) 0.92 (0.09) 0.857 0.92 (0.06) 0.87 (0.06) 0.052 0.044

Waist

circumference

(cm)

108.84 (13.51) 108.02 (12.26) 0.847 108.63 (12.07) 101.83 (13.24) 0.001 0.001

Body fat (%) 37.66 (10.05) 36.59 (9.91) 0.741 38.03 (9.53) 34.29 (9.62) 0.067 0.017

Body fat (kg) 33.12 (11.23) 29.68 (1.69) 0.355 33.51 (11.32) 27.54 (11.22) 0.047 0.009

Fat-free mass

(%)

51.54 (16.03) 49.16 (11.08) 0.596 50.83 (14.74) 48.73 (10.60) 0.763 0.215

Fat-free mass

(kg)

10.46 (4.92) 8.72 (4.46) 0.306 10.05 (4.73) 8.95 (0.26) 0.130 0.501

BMI body mass index, WHR waist-to-hip ratio
a Inter-group differences at baseline following a t test for independent measures
b Inter-group differences after treatment using repeated measures ANOVA followed by Bonferroni’s post hoc
c Between-group differences after treatment following an ANOVA (group 9 time) adjusted by age test
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Increased pulse wave velocity was positively associated

with popliteal artery RI, indicating increased leg artery

resistance to blood flow in T2DM patients (Suzuki et al.

2001). In the current study, pulse wave velocity and the

augmentation index were not assessed. However, signifi-

cant improvements in Vmed and PBV were found in the

WBV group. These findings are in accordance with pre-

vious studies indicating that Vmed is increased after acute

WBV in different populations (Herrero et al. 2011a, b).

Kerschan-Schindl et al. (2001) reported statistically sig-

nificant increments of the mean speed of blood flow in the

popliteal artery in healthy individuals while Herrero et al.

(2011b) reported that leg blood flow velocity was increased

during the application of WBV in Friedreich’s ataxia

patients. The same research group also showed an increase

in femoral artery blood flow after three 3-min sets of

vibration in patients with paraplegia (Herrero et al. 2011a).

The magnitude of blood flow response observed in our

study is lower than that in previous studies (Kerschan-

Schindl et al. 2001; Lythgo et al. 2009). These greater

responses in comparison with our results could be due to

the fact that the frequency employed in the current study

(12–16 Hz) was lower than the one used previously. In this

sense, Lythgo et al. (2009) aimed to investigate the effect

of WBV on leg blood flow velocity when delivered at

different dosage levels (frequency and amplitude) by a

oscillating platform and found an increment close to 80 %

in femoral artery mean blood flow velocity (1 min, 30 Hz–

4 mm). Moreover, Kerschan-Schindl et al. (2001) found a

46 % increase in mean blood flow velocity in the popliteal

artery (9 min, 26 Hz–3 mm). These inconsistencies may be

attributable to differences in the populations studied,

interventions employed, methods used to measure blood

flow, and/or the duration of the intervention. More

importantly, as our measurements were recorded at least

24 h after the last bout of WBV, the improved blood flow

in the femoral artery may be primarily attributed to endo-

thelial factors and not to contraction-related vasodilatory

metabolites.

Another notable finding in our study is the change in

adiposity observed after WBV training. The effects of

WBV on percent body fat and fat-free mass has not been

well documented in the literature, and no-study has been

performed in patients with T2DM even though T2DM

patients are frequently obese and have abnormal amounts

of abdominal fat which may increase the risk of developing

metabolic and cardiovascular diseases (Iannucci et al.

2007). In the current study, we found a significant decrease

(7.2 %, p \ 0.01) in body fat, which is in agreement with a

3.2 % decrease in body fat reported by Fjeldstad et al.

(2009) in sedentary post-menopausal women who per-

formed WBV (30/40 Hz–3 mm) combined with resistance

training (3 sets 10 repetitions 80 % strength) for 8 months

(3 days/week) while Vissers et al. (2010) also demon-

strated that adding WBV to a hypocaloric diet lad to a

significant decrease in the percentage of body fat after 3

(4.8 %), 6 (7.0 %) and 12 (5.5 %) weeks of WBV training.

Recently, Milanese et al. (2012) concluded that an 8-week

WBV training is effective in inducing positive body com-

position changes (fat mass decreased) in women. Finally,

we reported that the WBV intervention was effective in

reducing waist circumference by 6 cm. This is in agree-

ment with the decrease in 2 cm reported by Song et al.

(2011) after 8-week WBV training. This is an important

finding as central body fat was reported to the development

of insulin resistance and the metabolic syndrome (Piche

et al. 2008).

Finally, a major finding of the present study was that

changes in blood flow were significantly associated with

changes in fat mass. While previous studies indicated that

Table 4 Spearman’s correlation coefficients between changes in

blood flow and changes in body composition

Outcomes Body Fat_dif (%) Body Fat_dif (kg) BMI_dif

Diameter (cm) -0.170 0.092 0.041

Blood flow (cm/s) -0.761** -0.718** -0.101

Vmed (cm/s) -0.607** -0.503* -0.030

PBV (ms) -0.677** -0.581* -0.026

SV (cm/s) -0.360 -0.378 0.072

DV (cm/s) -0.246 -0.192 -0.148

Tacel (ms) -0.415 -0.330 -0.024

SV/DV -0.230 -0.238 0.107

PI 0.510* 0.516* 0.584*

RI -0.349 -0.224 0.138

Vmed mean velocity, PBV peak blood velocity, SV maximum systolic

velocity, DV maximum diastolic velocity, Tacel acceleration time to

peak flow, PI pulsatility index [result of systolic frequency (FS) -

diastolic frequency (FD)/time averaged mean], RI resistance index

(result of FS - FD/FS)

Correlation is significant at * p \ 0.05, ** p \ 0.01

Fig. 1 Correlation between changes in RI and changes in the

percentage of body fat
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visceral fat is associated with arterial stiffness (Maple-

Brown et al. 2005; Snijder et al. 2004), this is the first study

to show significant associations between improvements in

blood flow and percent fat mass after WBV training.

Besides the metabolic action, insulin increases peripheral

blood flow through stimulation of nitric oxide production

(Steinberg et al. 1994). It is possible that abdominal fat loss

may contribute to the improved blood flow by enhancing

insulin-mediated vasodilation. Thus, abdominal fat reduc-

tion may be the main determinant for the improved insulin

sensitivity associated with exercise training in T2DM

patients (Bacchi et al. 2012). The findings of the present

study may be of clinical importance as increased femoral

artery blood flow improves insulin-mediated glucose

uptake in the skeletal muscle (Baron et al. 1995), which

may explain the beneficial effect of WBV training on

glucose control in men with T2DM (Behboudi et al. 2011).

Based on these results, it may be concluded that WBV is

an effective method to increase leg blood flow and to

improve adiposity in patients with T2DM. In addition,

there were several associations between the changes in

both outcomes; therefore, WBV training would be an

alternative exercise modality for individuals with T2DM.
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