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The aim of this study was to determine the physiological and biochemical effects of chronic exposure to 

whole body vibration on the lipid metabolism in 20 healthy young adults (mean age 23.6±2.33 years). 

Each subject was exposed 3 times per week for a total of 6 weeks, in sessions of 15 minutes, at diagonal 

stimuli, at 25 Hz, on a vibration platform. The protocol had a positive impact on the subjects’ body 

composition and serum lipid profile, with significant effects on lowering weight, body mass index, body 

fat percentage, total cholesterol and low-density lipoprotein-cholesterol (p < 0.017). 
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Body composition is an anthropometric indicator well correlated with direct chemical analysis commonly used in clinical 

practice to assess the nutritional status of the individual, but also the health and quality of life [1]. In clinical practice, 

conventional bioelectrical impedance analysis (BIA) is used to determine body composition. The bioelectrical properties of 

the tissue can be used to predict the total body water and from that the body fat mass, using regression equations [2]. The 

main parameter investigated by this method is fat mass, total body fat or percent body fat (PBF), which directly reflects the 

functioning of the lipid metabolism. From the biochemical point of view, important correlations have been established 

between the percentage of body lipids and the serum levels of the lipid fractions separated by laboratory methods (serum 

lipid profiles - SLP). Thus, by determining PBF through BIA, predictions can be made on total cholesterol (TC), low-density 

lipoprotein (LDL), high-density lipoprotein – HDL and triglycerides (TG) [3]. Therefore, to evaluate the lipid metabolic 

status, it is recommended to corroborate the anthropometric data obtained by analysing the body composition with those of 

the determinations of blood biochemical parameters, especially in obese patients [4]. 

Given the epidemiological importance of obesity and its associated metabolic disorders, there is currently an increased 

interest in validating therapeutic interventions with proven clinical efficiency for this type of pathology. The incidence of 

stroke is increasing in adolescents and young adults. Currently, 90% of all strokes can be prevented by influencing 

modifiable risk factors. Of these, body weight, body mass index (BMI), and lipid profile with abnormal values  represent 

such factors [5, 6]. For this reason, the use of the therapeutic effects of vibrations seems to be a promising solution. 

Mechanical vibrations have wide applicability in medical practice, especially in the form of vibration therapy in the 

expanding field of regenerative medicine, in conjunction with tissue engineering [7]. A widespread variant of vibration 

therapy is that of whole body vibration (WBV) exposure, in the form of different protocols such as duration, frequency 

(low, medium, high) and/or direction of the stimuli (horizontal, vertical, angular). Practically, WBV programs have been 

clinically validated in different domains, from performance to health, based on localized or global physiological effects. [8]. 

From a biochemical point of view, the effects of WBV on living tissues are attractive in terms of therapeutic efficacy, 

although there are some scientific controversies on this topic. Thus, at least in some animal studies (in mice), it appears that 

WBV training prevents senescence-associated biochemical and pathological alterations [9]. 

Based on the above considerations, we set as the objective of the research the determination of the physiological and 

biochemical effects of the chronic exposure to WBV on the lipid metabolism in healthy young adults, by investigating the 

changes in the BFP and SLP level. 
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Experimental part 

Twenty healthy young adults (mean age 23.6±2.33 years, mean height 170.61±9.25 cm, sex ratio 1/1) participated in this 

interventional before-and-after study as volunteers and completed the experimental conditions. To establish the criteria for 

inclusion and exclusion of the subjects in the experimental group, we used specialized psychological support. Thus, we 

selected healthy, normal-weight young subjects (21-25 years old), without present morbidity (diabetes, especially with 

complications, oncological disease) [10-13], with stable eating patterns, without a history of bulimia, anorexia, recent diets 

or other psychological disorders that interfere with the nutritional status. Also, only subjects who showed compliance with 

maintaining the lifestyle during the experiment in terms of nutrition, physical activity regime, and exposure to daily stress 

were included. The general recommendations were to maintain the diet and the physical activity regime in the manner to 

which the subject is accustomed. 

We investigated the effects of repeated exposure at WBV on BFP and SLP in the group of subjects. All the participants 

underwent three sessions per week on nonconsecutive days for a total of 6 weeks of 15 minutes WBV exposure to diagonal 

stimuli, at 25 Hz, on a vibration platform (SALUSSSTAR® Innoplate platform, designed by Saluto, Maxline Produkt, 

Design GmbH, Austria). The platform can generate mechanical vibrations (vertical or diagonal) at different frequencies (15, 

25 or 35 Hz), with variable amplitude from 0.5 mm in the centre of the platform to 4 mm in its outer parts [14]. Each 

participant was placed in orthostatic position in the centre of the platform during the WBV exposure, with the plants slightly 

diverging, with palmar support on the holding bars. We opted for 15-minute repeated exposure sessions at diagonal stimuli 

at 25 Hz starting from the reported WBV effects on reducing fat mass in the adult general population [15]. Our protocol is 

original and has no risk for the study participants’ health and safety. 

The recorded parameters in the experimental group were body weight (W), BMI, BFP and SLP (TC, LDL, HDL and 

TG). BMI was calculated as W (in kg) divided by height (H, in m) squared (kg/m2).  W and H were determined according 

to standard procedures with a portable digital scale (Omron HN-286, Omron Corporation, Kyoto, Japan) and a portable 

stadiometer (Seca 213, Seca GmbH & Co. Kg, Hamburg, Germany). We made 3 sets of data gathering: initial testing (T1) 

before the first WBV session, second testing (T2) after 3 weeks of WBV exposure and final testing (T3) after the last session 

of WBV, after 6 weeks. 

BFP was estimated with bioelectrical impedance analysis using the Omron body fat monitor, model HBF 306, Omron 

Healthcare Co., Ltd. Dalian, China. The device has good references for clinical use and provides results similar to the dual-

energy X-ray absorptiometry (DEXA) in the assessment of BFP [16]. The BFP is measured with the device placed in the 

hands, based on the electric resistance and personal data such as height, weight, age, and gender. According to producer’s 

instructions, the subjects were placed in orthostatic position, with both feet slightly apart and with both arms straight out, at 

a 90-degree angle to the body, the hands gripping the electrodes. During the measurement, no movements were allowed. 

All measurements were performed in the early morning, between 8 and 10 a.m., after an overnight fast (for at least 8 h) 

because food or beverage consumption may affect the values of BFP [17]. 

SLP parameters were measured from fasting blood samples, with a LipidPro Testing System (infopia Co., Ltd, Korea), 

which offers a reliable alternative to conventional laboratory methods for rapid lipid determination [18]. For TC, HDL and 

TG the device uses the spectroscopy method (the principle of enzyme chromophoric reaction) and for calculation of LDL 

the Friedewald’s formula: LDL = TC – HDL – (TG/5) [19]. 

For the statistical analysis of data, we used IBM SPSS for Windows 20.0. The analysis implied descriptive statistics for 

determining of mean, median and standard deviation (SD) and inferential statistics: the Shapiro-Wilk test for checking the 

normality of the distribution of data, the Friedman test, and the Wilcoxon signed-rank test for post-hoc paired comparison, 

with Bonferroni-corrected alpha level for three pairwise comparisons. Therefore, the dependent variables were the 

parameters W, BMI, BFP, TC, LDL, HDL, and TG, whilst the independent variable was time, with three related groups: 

before the WBV exposure – T1, after 3 weeks of WBV exposure – T2 and after 6 weeks of WBV exposure – T3. 

 

Results and discussions 

Following the anthropometric evaluations, we found that all subjects recorded values within normal limits, depending 

on age and sex for W, BMI, and BFP. For comparison, we considered the normal range for BMI between 18.5-24.9 [20], 

and BFP between 10-20% for men and 20-30% for women, according to the manufacturer's manual of the body fat monitor. 

Regarding the SLP, 3 subjects (15%) had initially some lipid parameters (TC, LDL, HDL and / or TG), in the borderline 

range. For 2 of them (10%), the borderline values, although slightly lower, persisted at the final recording. As normal 

reference values for SLP, we considered the current international recommendations according to age and sex [21]. 
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From Table 1 it is observed that all parameters registered a slight improvement between the three tests (decreases for the 

mean values of W, BMI, BFP, TC, LDL, and TG and increase for HDL respectively). 
 

Table 1 

STATISTIC INDICATORS FOR INVESTIGATED PARAMETERS IN THE EXPERIMENTAL GROUP 

         
 

Next, the data were analysed for normality through the Shapiro Wilk test and we found a non-normal distribution of all 

variables. Because the assumptions for ANOVA with repeated measures are not met, we processed the series of data with 

the non-parametric Friedman test with three repeated measures (Table 2) and we used the median for comparison between 

related groups.  

 
Table 2 

THE STATISTICALLY SIGNIFICANT DIFFERENCE BETWEEN THE MEAN RANKS OF THE RELATED  

GROUPS USING THE FRIEDMAN TEST (N=20, df=2) 

 
 

It can be observed that there is an overall statistically significant difference between the mean ranks of the related groups 

(data recorded at the three-time points T1, T2, and T3) for all investigated parameters. In other words, at least the distribution 

of one-time point is different from the other two for all investigated parameters. In order to in-deep examine where the 

differences actually occur, we repeatedly applied the Wilcoxon signed-rank tests as post-hoc analysis on the different 

combinations of related groups (T1-T2, T1-T3, and T2-T3). The analysis was conducted with a Bonferroni correction 

applied in a form of setting the significance level at p < 0.017 (0.05 divided by 3, where 3 is the number of running tests). 

From Table 3  it is observed that the results are statistically significant only for W, BMI, BFP, TC, and LDL.  
 

Table 3 

RESULTS OF POST-HOC ANALYSIS USING THE WILCOXON SIGNED-RANK TESTS 

 
 

The results for W, BMI and BFP are statistically significant in the case of T1-T3 and T2-T3 comparisons and for TC 

and LDL in all three related groups. The changes are not very large, especially since the participants are healthy people, but 

enough to justify the efficiency of the intervention in improving the nutritional status and the lipid profile of the subjects. It 

is noticeable that the effects become important through cumulation over time, the tendency being clearer in the case of TC 
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and LDL. Other authors have also shown small but significant decreases in body weight and fat mass after WBV exposure, 

eventually associated with exercise programs, in healthy individuals or with metabolic endocrine disorders [15, 22]. Based 

on the above analysis, we can propose the continuation of the research on obese subjects, considering that the success of a 

weight-loss program on obese people is closely linked to fat mass reduction [20]. 

It is important to mention that other animal studies have demonstrated metabolic effects of WBV on LDL concentrations 

in apolipoprotein E-deficient mice and the lack of effects on TC, TG, and HDL [23]. Also, another suggestive study 

mentions the beneficial impact of cycloid vibrations, produced in three perpendicular directions, with variable frequency, 

applied regularly for 21 days on TC and LDL cholesterol, in older women with hypercholesterolemia [24]. The catabolic 

effect of vibration on adipose tissue can be explained by the conversion of kinetic energy into thermal energy, under the 

friction forces [24, 25]. Also, studies in mice have shown that the exposure of the body to vibration simulates the effects of 

exercise on metabolism [26]. 

A limitation of our study refers to the fact that we did not extend the analysis of the evolution of the subjects according 

to sex, given the relatively small size of the study group. Further, future research may also consider other categorical 

variables, such as gender, age of subjects, type of diet, associated morbidity, exercise exposure etc. [27]. 

 

Conclusions 

The present study validated the efficiency of the WBV exposure program on improving the nutritional status and lipid 

metabolism of participants. Thus, the proposed therapeutic protocol had a beneficially impact on lowering the subjects’ W, 

BMI, BFP, TC and LDL (p < 0.017). Our results indicated that repeated WBV exposure at diagonal stimuli, at 25 Hz may 

be a useful and non-invasive means of prophylactic intervention on healthy people, with positive effects on body 

composition and SLP. Therefore, the method acquires potential applications in various metabolic or nutritional disorders, 

and this research may be a starting point for more extensive clinical studies on various target groups of patients. 
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