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Background

Vibration platforms have demonstrated systemic effects generated by the use of mechanical vibrations, which are similar to those of any physical activity. The effect that whole body vibration (WBV) generates on the organism could be recommended in Diabetes Mellitus 2 (DM 2) patients.





Objective

To systematically review and meta-analyze the available evidence on the effects of WBV on glycemic control in patients with DM 2





Material and methods

Exhaustive bibliographic searches were carried out until October 2023 in different biomedical portals and databases: Public Medline (PubMed), Scientific Electronic Library Online (SciELO), VHL Regional Portal, Cochrane Central and Latin American and Caribbean Literature in Health Sciences (LILACS). Randomized clinical trials based on the effects of Whole Body Vibration on glycosylated hemoglobin levels, with control group and participants were non-insulin dependent were the inclusion criteria. Two reviewers extracted data independently. A third reviewer was available for discrepancies.





Results

Six articles with 223 participants met the criteria and were included in the systematic review; only four of them met the criteria to be part of the meta-analysis. This meta-analysis reveals a positive and significant effect size (μ ê=0.5731), indicating a substantial difference between the groups studied. Although there is some variability between studies (heterogeneity of 30.05%), the overall direction of the effects is consistent. These findings conclusively suggest the presence of a significant influence of the variable evaluated, underscoring the robustness and consistency of the relationship observed in the literature reviewed.





Conclusion

There are no conclusive results due to the lack of data for some variables, which prevents comparison; but WBV may be an effective therapy to improve glycemic control in DM 2 patients. More studies with more patients and longer follow-up are needed.
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1 Introduction

Worldwide, 537 million people suffer from diabetes and this data will be increased up to 643 million by 2030 and 783 by 2045; in our country (Spain) the incidence of Diabetes Mellitus type 2 (DM 2) is estimated at 1 in 7 people, equivalent to 10.3% of the population (around 5.1 million adults). This situation generates a great impact on society, as well as concern among health professionals due to its high and ever-increasing prevalence, not to mention the high cost to the health system which could reach USD 966 billion dollars, which represents an increase of 316% over the last 15 years; raising awareness among these people is the key to combating this problem (1).

Several disciplines have made contributions to the current knowledge about DM 2; however, despite the passage of time, the fundamental pillars in the treatment of a diabetic person are based on diet and exercise, especially in DM 2. In addition, the physical disabilities and comorbidity present in most people with DM 2 are challenges to adherence to physical activity (2).

Due to the research during the last decades, the etiology, pathophysiological mechanisms, diagnosis and treatment of DM 2 are better understood. Traditionally, vibration exposure has been considered detrimental for causing harm in humans. However, several studies have shown beneficial effects of the application of whole-body vibration (WBV) with low frequencies, low amplitudes and short exposure times (3, 4) as a novel treatment for DM 2 patients (5).

The application of WBV has been associated with favorable changes in hormone levels, strength, power, muscle mass, muscle electrical activity, jumping ability, balance, psycho-physical health and activation at the cortical level, among others (6). Nevertheless, the effects of WBV on DM 2 are less well known.

Various systematic reviews have evaluated the impact of WBV on glycemic control in patients with DM 2. The results obtained are contradictory. While some studies, conducted in 2016 (7) and 2019 (8), suggest a slight improvement in glucose and HbA1c levels, another systematic review published in 2018 (9) questions the strength of this evidence, pointing out a low methodological quality in the included studies.

Nowadays most WBV studies published are focused on the level of neuromuscular dysfunction (10) and the muscular system. Muscles are known to react to vibration by contracting and stretching automatically. Vibration produces a muscle contraction reflex, called the tonic vibratory reflex (11–13). This reflex has been related to decreased pain threshold, increased blood circulation (14) increased hormone secretion, activation of the Golgi tendon organ and inhibition of antagonist muscles (4, 15–17).

The physiological modifications observed with WBV are analogous to those of any physical activity, having been described in addition to acute changes, chronic adaptations. Adaptation to physical exercise is what determines the positive changes that appear in our organism when performing any sport. The WBV effectiveness could be explained by the fact that, while with training work is performed on a certain number of tissues, with the use of mechanical vibrations the whole body is subjected to vibration, obtaining beneficial effects at a systemic level (16-118-19).

To summarize the current evidence, our objective was to perform a systematic review and meta-analysis of the effects of WBV intervention on blood glucose levels and glycosylated hemoglobin (HbA1c) levels in people with DM 2.




2 Materials and methods



2.1 Systematic literature research

An exhaustive literature search including randomized and controlled clinical trials obtained from the different biomedical portals and existing databases, from January 2019 to October 2023: Public Medline (PubMed), Scientific Electronic Library Online (SciELO), VHL Regional Portal, Cochrane Central Register of Controlled Trials (Cochrane CENTRAL) and Latin American and Caribbean Literature in Health Sciences (LILACS) has been conducted. Search terms included were Type 2 Diabetes Mellitus, physical exercise, whole body vibration and glycosylated hemoglobin or HbA1c.

The databases were searched using Boolean operators such as: “AND” and “OR”. Keywords have been combined with connectors in order to find valid articles for the aim of the present work. The “OR” connector has been used by joining the words that mean almost the same thing “exercise” and “Exercise on vibrating platforms”, and the “AND” connector has been used in order to give greater sensitivity and specificity to the search. No filters have been used and searches were made in “all fields” and “all index” (Table 1).


Table 1 | Search strategy.






2.2 Selection criteria

Randomized controlled trials were considered eligible if they met inclusion criteria such as addressing the effects of WBV on glycosylated hemoglobin levels, the WBV intervention had to be at least 8 weeks, at least one control group did not perform WBV, and participants were non-insulin dependent. Exclusion criteria were studies in which individuals had a reported diabetic complication (neuropathy, retinopathy or diabetic peripheral nephropathy), animal studies and studies with insufficient description of WBV. Besides, a manual search was carried out based on the references of the selected articles as well as the references of other articles not included because they are a different type of study than the one selected in the present review.




2.3 Screening, selection and data extraction

Two independent reviewers in a first step carried out the bibliographic research and after that, examined the titles and abstracts of all studies identified through the search strategies. Studies that did not meet the inclusion criteria, based on titles or abstracts, were discarded. The two reviewers analyzed the full text of the remaining studies in a second review independently. If there is any disagreement a third reviewer was available to solve it.

Reviewers independently extracted data from the studies that met the inclusion criteria using a standardized data extraction form. Data extracted were: authors; year of publication; type of platform used; number of individuals forming the study sample; WBV parameters and intervention outcomes; mean and standard deviation of results.




2.4 Assessment of methodological quality and risk of bias

The physiotherapy evidence database (PEDro) scale was used to evaluate the methodological quality and the risk of bias of the randomized clinical trials included. This is a useful tool for assessing trial quality and the total score of this scale is 10 points. Punctuation more than 6 points is considered as a high-quality clinical trial. Sample selection, randomization, blinding (both participants and therapists), initial homogeneity and statistical analysis (intention to treat and comparisons) are included in this scale (20).

The quality of the included studies was scored by 2 investigators using the PEDro scale. The investigators rated the studies independently scoring from 0 to 10. If there is any disagreement a third reviewer was available to solve it.

Besides, the Van Heuvelen et al. (21) guidelines has been followed to report the quality of WBV studies. These guidelines encourage the authors to provide a detailed description of the WBV protocol applied (type of platform, frequency and amplitude of vibration, acceleration), the exposure parameters such as the duration and number of sessions as well as the total duration of the training program and the mode of application. In addition, the characteristics of the participants (demographic data, inclusion and exclusion criteria) should be presented. randomization and the existence of control groups should also be controlled, together with a presentation of the results and analysis of the data with statistical methods. finally, the existence of adverse effects and the existence or not of adherence, the interpretation of the results and the recommendations for clinical practice should be presented.

Besides, to test the quality of the meta-analysis the analysis implemented Random Effect Model using Jamovi software (22).

The Random-Effect Model: The analysis was carried out using the standardized mean difference as the outcome measure. A random-effects model was fitted to the data. The amount of heterogeneity (i.e., tau²), was estimated using the restricted maximum-likelihood estimator (23). In addition to the estimate of tau², the Q-test for heterogeneity (24) and the I² statistic are reported. In case any amount of heterogeneity is detected (i.e., tau² > 0, regardless of the results of the Q-test), a prediction interval for the true outcomes is also provided. Studentized residuals and Cook’s distances are used to examine whether studies may be outliers and/or influential in the context of the model. Studies with a studentized residual larger than the 100 x (1 - 0.05/(2 X k))th percentile of a standard normal distribution are considered potential outliers (i.e., using a Bonferroni correction with two-sided alpha = 0.05 for k studies included in the meta-analysis). Studies with a Cook’s distance larger than the median plus six times the interquartile range of the Cook’s distances are considered to be influential. The rank correlation test and the regression test, using the standard error of the observed outcomes as predictor, are used to check for funnel plot asymmetry.





3 Results



3.1 Study selection

After the initial search, 735 potential studies were found to evaluate its possible inclusion in the systematic review. 131 manuscripts were removed as duplicates. The first screening by title and abstract reduced the sample to 174. A carefully full- text read of these files was made by reviewers and finally 6 records were included in the systematic review and 4 in the meta-analysis due the lack of some values in the two studies removed, which avoid comparisons. Figure 1 shows the Prisma flowchart of the study selection.




Figure 1 | Study selection.






3.2 Study characteristics

The sample analyzed in the articles reviewed ranged from 24 to 50 subjects, the mean of the sample being 37.1 patients. The selected articles show that 33.33% of the reviewed studies show the existence of a statistically significant decrease in glycosylated haemoglobin (HbA1c) after exposure to vibratory exercise (25–27). While for the remaining 66.66% (28, 29) there is no statistically significant decrease in HbA1c. Fasting blood glucose (FBG), however, decreased in 66.66% of the studies analyzed (25–27, 29), after the use of WBV, while for 33.33% (25, 30) there was no significant decrease.

There are basically 2 types of vibration platforms: vertical platforms or oscillating platforms. Vertical platforms vibrate in a predominantly vertical direction, moving vertically under both feet at the same time. Oscillating platforms vibrate around a horizontal axis, resulting in a simultaneous and symmetrical movement of both sides of the body during exposure (31, 32). The most commonly used platform in several studies (25, 26, 28), was the oscillating platform, obtaining positive results with respect to HbA1c and white blood cells (WBC). However, the use of the vertical platform (27), also concluded with positive effects on HbA1c and WBC results.

The duration of the intervention in the studies analyzed was between 8 (29) and 12 weeks (25–28, 30), with a mean of 11.33 weeks. Regarding the rest time between exercises applied in the interventions, it is located in an average of 34 seconds for those that reflect rest time between exercises (25–27). The other authors do not reflect rest time between exercises (28, 30). Most researchers propose an exercise frequency of 3 times per week, except Michels et al. (30) who carried out the intervention with 7 days of vibratory exercises. No study reports on possible adverse effects during the period of vibration work.

In Table 2, the main results of these articles were showed.


Table 2 | Study characteristic of the selected articles.



Manimmanakorn (25) implemented a research with 36 patients with DM 2 divided into two groups. The WBV group performed for 3 times per week, 2 sets of 6 one-minute vibrating squats for 12 weeks and the control group performed their usual physical activity. These six positions were “(a) a deep squat position (knee angle 90o), (b) high squat position (knee angle 125o), (c) high squat position (with raised heels), (d) slight knee flexion 1 (holding hand straps with shoulder flexion), (e) slight knee flexion 2 (holding hand straps with shoulder abduction) and (f) slight knee flexion 3 (holding hand straps with elbow flexion)”. It was established a progression to 40 Hz and 4mm. They found no significant differences in HbA1c or FBG, concluding that WBV did not improve glycemic indices.

Alfonso-Rosa (26) published an article with 19 subjects with DM 2 exposed to a training based on 8 static and dynamic exercises with an elastic band (warm-up exercise: squat, up and down once with each foot, lunge, heel lift, squat, squat with weight changes, squats held with elastic bands, squat with elastic bands and side with elastic bands) on a vibrating platform at different frequencies (12, 14 and 16 Hz) while the control group continued with their usual activity. After 12 weeks it can be concluded that WBV produces an acute decrease in plasma levels, and the application of WBV at low frequencies is shown to be an effective and safe technique for the co-treatment and management of DM 2.

In this line, Del Pozo Cruz et al. (27) carried out a study with 50 subjects diagnosed with DM 2 were studied to test the feasibility, safety and efficacy of a whole body vibration intervention for 12 weeks in a primary health care setting performing 8 exercises in Physio Wave 700 oscillating platform (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) and the control group followed standard care. They establish a progression from 30 seconds for exercises and 30 seconds rest during the first month, while during the second and third months the exercise duration increased to 45-60 seconds and 30 seconds of rest and 2 more Hz each 4 weeks. They found a reduction in HbA1c and FGB compared to the control group concluding that the application of WBV in primary care is feasible, safe and effective in improving the glycemic profile.

Besides, Baum et al. (28) conducted another investigation with 40 non-insulin-dependent adult patients divided into 3 groups analyzed during 12 weeks of training with 3 training sessions per week. One group followed the WVB training with 30 Hz and 2mm from 1 to 9 week and 35 Hz the last weeks, the second, the strength group did the leg extension, seated leg flexion, leg press, seated calf raise, lat pulley, horizontal chest press, butterfly, and rowing exercises (1 set the first 6 weeks and 2 sets the last weeks) and the third group, flexibility group (control group) implemented 8 static exercises (the same progression was done increasing from 1 to 2 sets the last weeks). The main findings were that FBG remained unchanged after training and HbA1c tended to decrease below baseline in the vibration training group, while they increased in the other two intervention groups. Besides, the glucose tolerance improvement in WBV and strength groups. The authors concluded that these results suggest that vibration exercise may be an effective and low time-consuming tool to control glycemic control in patients with DM 2.

Behboudi et al. (29) selected a sample, 30 diabetic males, who followed a vibration exercise during 8–12-minute sessions of standing and semi-sitting positions at a frequency of 30 Hz and an amplitude of 2 mm, for 8 weeks three times a week. The aerobic exercise implemented 3 walking sessions a week and control group continued their routine activities. They detected no significant differences in HbA1c concentrations or fasting WBC between the conventional aerobic exercise groups and those subjected to vibration.

Finally, Michels et al. (30) investigated 22 adults with DM 2 who were taking oral antidiabetic agents were divided into 2 groups to submit one of them to 12-weeks intervention of WBV and control group received tips on how to change their lifestyle. After 12 weeks of intervention, they found a significant reduction in HbA1c in the WBV group, but no significant differences in FGB between groups.




3.3 Methodological quality and risk of bias

PEDro scale shows the quality of the randomized clinical trials. In this review, three articles showed high quality with 6, 7 and 9 points. Nevertheless, low methodological quality was shown in the other three articles with scores of 4, 5 and 5 points. In Table 3, the PEDro Scale assessment of the six selected articles is presented. Given the variability of the data presented in each manuscript and the lack of data for comparison with the other articles in the review, two manuscripts were removed from the meta-analysis.


Table 3 | PEDro score of the randomized clinical trials selected.





3.3.1 Quality of studies

Considering Van Heuvelen guidelines most of the articles have not adhered to these lines, so the results should be interpreted with caution (Table 4).


Table 4 | Van Heuvelen et al. guidelines.






3.3.2 Random-effect model

A total of k=4 studies were included in the analysis. The observed standardized mean differences ranged from 0.2582 to 1.3338, with most estimates being positive (100%). The estimated average standardized mean difference based on the random-effects model was \hat{\mu} = 0.5895 (95% CI: 0.1782 to 1.0008). Therefore, the average outcome differed significantly from zero (z= 2.8088, p = 0.0050). According to the Q-test, there was no significant amount of heterogeneity in the true outcomes (Q (3) = 4.2890, p = 0.2319, tau² = 0.0436, I² = 24.6411%). A 95% prediction interval for the true outcomes is given by 0.0092 to 1.1698. Hence, even though there may be some heterogeneity, the true outcomes of the studies are generally in the same direction as the estimated average outcome. An examination of the studentized residuals revealed that none of the studies had a value larger than ± 2.4977 and hence there was no indication of outliers in the context of this model. According to the Cook’s distances, none of the studies could be considered to be overly influential. Neither the rank correlation nor the regression test indicated any funnel plot asymmetry (p = 0.3333 and p = 0.1512, respectively). The funnel plot asymmetry was not assessed because there are less than 10 articles (Tables 5, 6, Figure 2).


Table 5 | Random-effects model.




Table 6 | Heterogeneity statistics.






Figure 2 | Forest plot.








4 Discussion

Whole body vibration is a simple, safe and effective non-pharmacological measure to reduce HbA1c and plasma glucose levels in patients with DM 2 whose physical condition prevents conventional aerobic exercise (33).

Regarding the pharmacological drugs for the treatment of DM 2, they do not inherently exhibit the ability to maintain sustained glycemic control over a prolonged period (34). In addition, adverse effects such as gastroenteritis, hypoglycemia and weight gain, among others, are undesirable manifestations associated with the use of orally administered pharmacological agents in patients with DM 2. These side effects lead to a decrease in adherence to pharmacological treatment by patients diagnosed with DM2 (35, 36). For that reason, moderate-intensity aerobic physical exercise is recognized as an effective non-pharmacological approach to reducing blood glucose levels for people whose physical condition allows it to be performed. However, WBV could be a physical exercise option to reduce blood glucose and HbA1c levels for those who cannot perform aerobic exercise (26–29).

Regular physical exercise increases glucose uptake in activated muscle, which induces increased insulin sensitivity in diabetics. Regular WBV training has been shown to generate muscle adaptation similar to resistance exercise training (37). Thus, regular WBV training may help diabetic patients to control glucose metabolism (25).

WBV does not require a specific physical condition, nor prior supervision and may help in physical exercise adherence for patients with DM 2. Moreover, it has demonstrated its efficacy in animal (38–40) and human (16, 41, 42) studies. Some of the participants who underwent the WBV intervention showed a statistically significant reduction in HbA1c levels compared to those who did not receive the intervention.

Some studies (26, 27, 30) point out, it seems that 12 weeks of WBV intervention is sufficient for a statistically significant improvement in both WBC and HbA1c in people with DM 2 compared to those who did not undergo any intervention. This data is similar to those found in another meta-analysis (7) in which the sample was subjected to aerobic training for 12 weeks, achieving a reduction in HbA1c. On the other hand, authors stated that there is no significant differences in HbA1c concentrations or fasting WBC between the conventional aerobic exercise groups and those subjected to vibration (29).

However, there is no clear consensus on what the most beneficial parameters for these patients should be. Studies with longer duration and parameters of frequency, intensity and duration should be investigated in the future in order to adapt this therapy to patients with type 2 diabetes.

In this period, Baum et al. (28) and Manimmanakorn (25), using a step-up frequency of 30-40Hz, did not show a significant reduction in HbA1c which was only revealed after post-hoc dichotomization. However, Alfonso-Rosa (26) and Del Pozo-Cruz et al. (27), using a lower frequency, also of progressive increase (12-16Hz), did show a significant reduction in both HbA1c and WBC. These data coincide with another study (31), where an increase in the effects was demonstrated in relation to the progressive increase in frequency. The gradual increase in frequency may be the reason for the difference in the results. Therefore, it seems that a low frequency with progressive increase and the number of weeks of intervention play a determining role in obtaining a beneficial effect. On the other hand, Michels et al. (30), using a constant frequency of 28 Hz, showed a reduction in HbA1c and WBC. Behboudi et al. (29) using a constant high frequency of 30 Hz for a shorter number of weeks showed no significant differences in HbA1c or fasting glucose, but concentration was higher in the control group.

During exposure, the vibration of the vertical platform moves vertically under both feet at the same time, producing a simultaneous symmetrical movement of both sides of the body, whereas the oscillating platform generates an asymmetrical perturbation of the legs. Vertical platforms work at higher frequencies (between 30 and 50 Hz) than oscillating platforms (between 5 and 30 Hz). In addition, vertical platforms have shown greater chronic effects on strength training and oscillating platforms greater acute effects (31). However, the limited scientific literature on the use of these platforms in diabetes makes it difficult to determine which is the best choice. Regarding the type of platform used, different studies (26, 28) have carried out an intervention using an oscillating type of platform, obtaining positive results with respect to HbA1c and WBC, as in the study by Lythgo et al. (43). However, in one of the studies (25), using the same type of platform, they did not obtain positive results for HbA1c, but did obtain positive results for WBC.

On the other hand, two of the studies (27, 30) used a vertical type of vibrating platform and found positive effects on HbA1c and WBC results. These data agree with what was announced by another study (32) where they determined that vibration transmission was higher during vertical vibration compared to oscillating vibration. This could indicate that the type of platform alone is not determinant to assess its effectiveness, more conclusive studies are needed to evaluate the different vibratory devices in people with DM 2.

HbA1C is one of the most determinant parameters in the diagnosis and long-term control of DM. According to the American Diabetes Association (ADA) (44), an HbA1c > 6.5% is considered a diagnostic criterion for DM, while values < 7.0% HbA1c determine good blood glucose control in the last four months (45, 46). Unfortunately, most of the studies using the HbA1chave performed short-term follow-ups, which prevents us from knowing the physiological effects in the long term,

Based on the information offered by the ADA (44), which considers that maintaining HbA1c levels below 7% acts as a protective factor, helping to manage glycemic imbalance and evaluate the risk of developing, Manimmanakorn (25) found a slight reduction in HbA1c, after 12 weeks of intervention in subjects with values above 8% using a post hoc dichotomization; in contrast, in a previous study, in which intervention exercises were applied for 8 weeks, no significant improvement in HbA1c was observed (47).

In relation to the control group, no significant changes in HbA1c levels were observed, according to the data provided by Manimmanakorn (25). On the other hand, Baum et al. compared the WBV group with a strength and flexibility group. After the vibration intervention, a reduction in HbA1c levels was found in both groups, although not reaching statistical significance (28). However, other authors, such as Alfonso-Rosa (16), Del Pozo-Cruz et al. (27) and Behboudi et al. (29) indicated that a conventional exercise program resulted in a decrease in HbA1c levels after the intervention period.

These data are in line with those provided by other studies (48), which show how a conventional training program reduces HbA1c levels.

The WBV guidelines reported by Van Heuvelen et al. (21) are essential to improve reproducibility and transparency in WBV studies, and their adherence allows for proper assessment of the efficacy and safety of WBV interventions. Follow them ensures that the necessary criteria for robust and replicable research are met. In this sense, all the authors of the selected articles (25–30) have reported the frequency of the intervention, as well as the amplitude, except for Michels et al. (30), the duration and frequency of the sessions and the total duration of the program, which was established at 12 weeks, except for Behboudi et al. (29) who applied 8 weeks. The application of the therapy, the results, the statistical analysis and the absence of adverse effects in all the selected articles were described. However, adherence has been variable, with 4 losses reported by Manimmanakorn et al. (25), 11 by Alonso-Rosa et al. (26) and del Pozo-Cruz et al. (27), and 2 by Michels et al. (30); only Baum et al. (28) and Behboudi et al. (29) did not report any losses. The recommendations for clinical practice and future lines of research recommend stratifying patients in the sampling according to the degree of severity of diabetes based on HbA1c or the duration of the disease (25) and analyzing cost effectiveness (27) as well as including more patients and longer follow-up (30) and optimizing frequency, amplitude, and duration of vibration exercises (28).

Finally, there is no consensus with the conclusions: WBV is applicable, safe and effective in reducing HbA1C and basal blood glucose level (26–28, 30), while for others (25) there was no change in FBS or HbA1c, nor for Behboudi et al. (29) who proposed that insignificant results of the present study can be attributed to the small number of samples and improper time and intensity of exercise. However, whole body vibration can be considered as a better way to exercise in a shorter time for majority of diabetic patients who suffer from obesity and unwillingness to join active physical activities. Because of these results, the effect size of these interventions is small and the clinical implications, although they appear to be promising, should be interpreted with caution.

The review has several limitations. the review was not registered; however, all steps were taken to ensure the reliability, transparency and thoroughness of the process and data. Only full-text registries have been considered; the number of experimental clinical trials using WBV in these pathologies is small and some of the studies do not provide all the data on the variables used like disease duration or some outcomes which prevent the effect comparisons. One of the selected articles has not been submitted a per-review process, therefore, the results obtained in this manuscript should be treated with caution and most of them did not follow the quality guidelines and recommendations exposed by Van Heuvelen (21). In addition, the sample size has been very diverse and small; there is not a standard protocol or parameters to achieve the best effectiveness of this therapy although most of them agree with a frequency of three times a week for 12 weeks, and the follow-up of the studies has been only focused on the short-term effects of WBV. In addition, it should be noted that the treatments received by the patients of the selected studies were not composed only of WBV treatment, so that the sum of the effects of the prescribed pharmacological treatment and lifestyle may have contributed to the positive effects obtained.

Nevertheless, the clinical implications are promising, being a safe therapy with no adverse effects that can be used in this population as a complement to other therapies or as an alternative for patients who are unable to perform physical activity. In future lines of research larger samples should be recruited as well as similar measurements, platforms and long term follow up to be able to better determine the clinical effects of the use of WBV.




5 Conclusion

The habitual use of vibration platforms with a frequency of 14-16 Hz for 12 weeks is reflected in the literature. These results are encouraging and suggest that WBV may be an effective therapy to improve glycemic control in patients with DM 2. The addition of Whole Body Vibration therapy as a complement for exercise programs could be effective in sedentary people and could be a useful tool for clinicians. However, further studies with more patients and longer follow-up are needed to confirm these findings.





Data availability statement

The original contributions presented in the study are included in the article/supplementary material. Further inquiries can be directed to the corresponding author.





Author contributions

JF-F: Conceptualization, Methodology, Writing – original draft, Writing – review & editing. VR-P: Conceptualization, Funding acquisition, Methodology, Project administration, Writing – original draft, Writing – review & editing. RL-R: Conceptualization, Funding acquisition, Methodology, Project administration, Writing – original draft, Writing – review & editing. AL-R: Investigation, Methodology, Writing – review & editing. MC-R: Data curation, Formal analysis, Writing – review & editing. IL-R: Conceptualization, Investigation, Methodology, Writing – original draft, Writing – review & editing, Project administration.





Funding

The author(s) declare financial support was received for the research, authorship, and/or publication of this article. University of Salamanca funded this manuscript. This publication is financed by the Ministry of Science, Innovation and Universities.








Acknowledgments

To our colleagues who have made this possible.





Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.





References

1. International Diabetes Federation. IDF DIABETES ATLAS, Tenth edition. Brussels, Belgium. (2021). Available at: https://www.diabetesatlas.org.

2. Hemmingsen, B, Gimenez-Perez, G, Mauricio, D, Roqué I Figuls, M, Metzendorf, MI, and Richter, B. Diet, physical activity or both for prevention or delay of type 2 diabetes mellitus and its associated complications in people at increased risk of developing type 2 diabetes mellitus. Cochrane Database Syst Rev. (2017) 12:CD003054. doi: 10.1002/14651858.CD003054.pub4

3. Kitamoto, T, Saegusa, R, Tashiro, T, Sakurai, T, Yokote, K, and Tokuyama, T. Favorable effects of 24-week whole-body vibration on glycemic control and comprehensive diabetes therapy in elderly patients with type 2 diabetes. Diabetes Ther. (2021) 12:1751–61. doi: 10.1007/s13300-021-01068-0

4. Bonanni, R, Cariati, I, Romagnoli, C, D'Arcangelo, G, Annino, G, and Tancredi, V. Whole body vibration: A valid alternative strategy to exercise? J Funct Morphol Kinesiol. (2022) 7:99. doi: 10.3390/jfmk7040099

5. Yin, H, Berdel, HO, Moore, D, Davis, F, Liu, J, Mozaffari, M, et al. Whole body vibration therapy: A novel potential treatment for type 2 diabetes mellitus. Springerplus. (2015) 4:578. doi: 10.1186/s40064-015-1373-0

6. Cardinale, M, and Wakeling, J. Whole body vibration exercise: are vibrations good for you? Br J Sports Med. (2005) 39:585–9. doi: 10.1136/bjsm.2005.016857

7. Robinson, CC, Barreto, RP, Sbruzzi, G, and Plentz, RD. The effects of whole body vibration in patients with type 2 diabetes: a systematic review and meta-analysis of randomized controlled trials. Braz J Phys Ther. (2016) 20:4–14. doi: 10.1590/bjpt-rbf.2014.0133

8. Gomes-Neto, M, de Sá-Caputo, DDC, Paineiras-Domingos, LL, Brandão, AA, Neves, MF, Marin, PJ, et al. Effects of whole-body vibration in older adult patients with type 2 diabetes mellitus: A systematic review and meta-analysis. Can J Diabetes. (2019) 43:524–529.e2. doi: 10.1016/j.jcjd.2019.03.008

9. Robinson, CC, Barreto, RPG, and Plentz, RDM. Effects of whole body vibration in individuals with diabetic peripheral neuropathy: a systematic review. J Musculoskelet Neuronal Interact. (2018) 18(3):382–8.

10. Orlando, G, Balducci, S, Bazzucchi, I, Pugliese, G, and Sacchetti, M. Neuromuscular dysfunction in type 2 diabetes: Underlying mechanisms and effect of resistance training. Diabetes Metab Res Rev. (2016) 32:40e50. doi: 10.1002/dmrr.2658

11. Huang, M, Miller, T, Ying, M, and Pang, MYC. Whole-body vibration modulates leg muscle reflex and blood perfusion among people with chronic stroke: a randomized controlled crossover trial. Sci Rep. (2020) 10:1473. doi: 10.1038/s41598-020-58479-5

12. Krause, A, Schönau, E, Gollhofer, A, Duran, I, Ferrari-Malik, A, Freyler, K, et al. Alleviation of motor impairments in patients with cerebral palsy: acute effects of whole-body vibration on stretch reflex response, voluntary muscle activation and mobility. Front Neurol. (2017) 8:416. doi: 10.3389/fneur.2017.00416

13. Zaidell, LN, Mileva, KN, Sumners, DP, and Bowtell, JL. Experimental evidence of the tonic vibration reflex during whole-body vibration of the loaded and unloaded leg. PLoS One. (2013) 8:e85247. doi: 10.1371/journal.pone.0085247

14. Betik, AC, Parker, L, Kaur, G, Wadley, GD, and Keske, MA. Whole-body vibration stimulates microvascular blood flow in skeletal muscle. Med Sci Sports Exerc. (2021) 53:375–83. doi: 10.1249/MSS.0000000000002463

15. Pollock, RD, Woledge, RC, Martin, FC, and Newham, DJ. Effects of whole body vibration on motor unit recruitment and threshold. J Appl Physiol. (2012) 112:388e95. doi: 10.1152/japplphysiol.01223.2010

16. Bosco, C, Lacovelli, M, Tsarpela, O, Cardinale, M, Bonifazi, M, Tihanyi, J, et al. Hormonal responses to whole-body vibration in men. Eur J Appl Physiol. (2000) 81:449–54. doi: 10.1007/s004210050067

17. De Ruiter, CJ, van der Linden, RM, van der Zijden, MJA, Hollander, AP, and de Haan, A. Short-term effects of whole-body vibration on maximal voluntary isometric knee extensor force and rate of force rise. Eur J Appl Physiol. (2003) 88:472. doi: 10.1007/s00421-002-0723-0

18. Mester, J, Kleinöder, H, and Yue, Z. Vibration training: benefits and risks. J Biomechanics. (2006) 39:1056–65. doi: 10.1016/j.jbiomech.2005.02.015

19. Lu, L, Mao, L, Feng, Y, Ainsworth, BE, Liu, Y, and Chen, N. Effects of different exercise training modes on muscle strength and physical performance in older people with sarcopenia: a systematic review and meta-analysis. BMC Geriatr. (2021) 21:708. doi: 10.1186/s12877-021-02642-8

20. Maher, CG, Sherrington, C, Herbert, RD, Moseley, AM, and Elkins, M. Reliability of the PEDro scale for rating quality of randomized controlled trials. Phys Ther. (2003) 83:713–21. doi: 10.1093/ptj/83.8.713

21. van Heuvelen, MJG, Rittweger, J, Judex, S, Sañudo, B, Seixas, A, Fuermaier, ABM, et al. Reporting guidelines for whole-body vibration studies in humans, animals and cell cultures: A consensus statement from an international group of experts. Biol (Basel). (2021) 10:965. doi: 10.3390/biology10100965

22.The jamovi project. jamovi. (Version 2.3) (2022). Available online at: https://www.jamovi.org. (accessed January 22, 2024)

23. R Core Team. R: A Language and environment for statistical computing. (Version 4.1). R packages retrieved from MRAN snapshot 2022-01-01 (2021). Available at: https://cran.r-project.org.

24. Viechtbauer, W. Conducting meta-analyses in R with the metafor package. J Stat Software. (2010) 36:1–48. doi: 10.18637/jss.v036.i03

25. Manimmanakorn, N, Manimmanakorn, A, Phuttharak, W, and Hamlin, MJ. Effects of whole body vibration on glycemic indices and peripheral blood flow in type II diabetic patients. Malaysian J Med Sci. (2017) 24:55–6. doi: 10.21315/mjms

26. Alfonso-Rosa, RM. Efectividad de un programa de entrenamiento basado en vibraciones mecánicas de cuerpo entero en pacientes con diabetes mellitus tipo 2 aplicado en un entorno de atención primaria. Sevilla: Universidad de Sevilla (2015).

27. del Pozo-Cruz, B, Alfonso-Rosa, RM, del Pozo-Cruz, J, Sañudo, B, and Rogers, ME. Effects of a 12-wk whole-body vibration based intervention to improve type 2 diabetes. Maturitas. (2014) 77:52–8. doi: 10.1016/j.maturitas.2013.09.005

28. Baum, K, Votteler, T, and Schiab, J. Efficiency of vibration exercise for glycemic control in type 2 diabetes patients. Int J Med Sci. (2007) 4(3):159–63. doi: 10.7150/ijms.4.159

29. Behboudi, L, Azarbayjani, MA, Aghaalinejad, H, and Salavati, M. Effects of aerobic exercise and whole body vibration on glycaemia control in type 2 diabetic males. Asian J Sports Med. (2011) 2(2):83–90. doi: 10.5812/asjsm

30. Michels M de, L, Spivakoski, CS, Réus B da, S, Alves DM dos, S, Mattje, PN, Hohl, A, et al. Effect of whole body vibration on clinical and metabolic outcomes in adults with type 2 diabetes: an observational pilot trial. Pract Diabetes. (2021) 38:20–5. doi: 10.1002/pdi.2337

31. Marín, PJ, and Rhea, MR. Effects of vibration training on muscle strength: A meta-analysis. J Strength Conditioning Res. (2010) 24:548–56. doi: 10.1519/JSC.0b013e3181c09d22

32. Abercromby, AFJ, Amonette, WE, Layne, CS, Mcfarlin, BK, Hinman, MR, and Paloski, WH. Vibration exposure and biodynamic responses during whole-body vibration training. Med Sci Sports Exerc. (2007) 39:1794–800. doi: 10.1249/mss.0b013e3181238a0f

33. Chudyk, A, and Petrella, RJ. Effects of exercise on cardiovascular risk factors in type 2 diabetes. Diabetes Care. (2011) 34:1228–37. doi: 10.2337/dc10-1881

34. Valerón, PF, and de Pablos-Velasco, PL. Limitaciones de los fármacos dependientes de insulina para el tratamiento de la diabetes mellitus tipo 2. Med Clin (Barc). (2013) 141 Suppl 2:20–5. doi: 10.1016/S0025-7753(13)70059-9

35. Domínguez Gallardo, LA, and Ortega Filártiga, E. Factors associated with lack of adherence to treatment in patients with type 2 diabetes mellitus. Rev Virtual la Sociedad Paraguaya Medicina Interna. (2019) 6:63–74. doi: 10.18004/rvspmi

36. Ascaso, JF. Diabetes mellitus tipo 2: nuevos tratamientos. Med Clin (Barc). (2014) 143:117–23. doi: 10.1016/j.medcli.2013.05.041

37. Osawa, Y, and Oguma, Y. Effects of whole-body vibration on resistance training for untrained adults. J Sports Sci Med. (2011) 10(2):328–37.

38. Rubin, C, Turner, AS, Bain, S, Mallinckrodt, C, and McLeod, K. Low mechanical signals strengthen long bones. Nature. (2001) 412:603–4. doi: 10.1038/35088122

39. Flieger, J, Karachalios, TH, Khaldi, L, Raptou, P, and Lyritis, G. Mechanical stimulation in the form of vibration prevents postmenopausal bone loss in ovariectomized rats. Calcif Tissue Int. (1998) 63:510–4. doi: 10.1007/s002239900566

40. Vry, J, Schubert, IJ, Semler, O, Haug, V, Schönau, E, and Kirschner, J. Whole-body vibration training in children with Duchenne muscular dystrophy and spinal muscular atrophy. Eur J Paediatric Neurology. (2014) 18:140–9. doi: 10.1016/j.ejpn.2013.09.005

41. Zaki, ME. Effects of whole body vibration and resistance training on bone mineral density and anthropometry in obese postmenopausal women. J Osteoporos. (2014) 2014:1–6. doi: 10.1155/2014/702589

42. Von Stengel, S, Kemmler, W, Engelke, K, and Kalender, WA. Effects of whole body vibration on bone mineral density and falls: results of the randomized controlled ELVIS study with postmenopausal women. Osteoporosis Int. (2011) 22:317–25. doi: 10.1007/s00198-010-1215-4

43. Lythgo, N, Eser, P, de Groot, P, and Galea, M. Whole-body vibration dosage alters leg blood flow. Clin Physiol Funct Imaging. (2009) 29:53–9. doi: 10.1111/j.1475-097X.2008.00834.x

44. ElSayed, NA, Aleppo, G, Aroda, VR, Bannuru, RR, Brown, FM, Bruemmer, D, et al. 2. Classification and diagnosis of diabetes: standards of care in diabetes-2023. Diabetes Care. (2023) 46:S19–40. doi: 10.2337/dc23-S002

45. Turner, RC, Millns, H, Neil, HAW, Stratton, IM, Manley, SE, Matthews, DR, et al. Risk factors for coronary artery disease in non-insulin dependent diabetes mellitus: United Kingdom prospective diabetes study (UKPDS: 23). BMJ. (1998) 316:823–8. doi: 10.1136/bmj.316.7134.823

46. Ten Brinke, R, Dekker, N, de Groot, M, and Ikkersheim, D. Lowering HbA1c in type 2 diabetics results in reduced risk of coronary heart disease and all-cause mortality. Prim Care Diabetes. (2008) 2:45–9. doi: 10.1016/j.pcd.2007.12.004

47. Domínguez-Muñoz, A, Carlos-Vivas, J, Pastor-Cisneros, R, Rojo-Ramos, J, Barrios Fernandez, S, and Domínguez-Muñoz, FJ. Efectos de 12 semanas de entrenamiento vibratorio de cuerpo completo sobre el miedo a caerse en mujeres sedentarias con fibromialgia. e-Motion: Rev Educación Motricidad e Investigación. (2021) 17:66–84.

48. Yuing, T, Lizana, PA, and Berral, FJ. Hemoglobina glicada y ejercicio: una revisión sistemática. Rev Med Chil. (2019) 147:480–9. doi: 10.4067/S0034-98872019000400480




Publisher’s note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.

Copyright © 2024 Fabregat-Fernández, Rodríguez-Pérez, Llamas-Ramos, López-Rodríguez, Cortés-Rodríguez and Llamas-Ramos. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.


OEBPS/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        Whole body vibration therapy and diabetes type 2: a systematic review and meta-analysis

      

        		

          Background

        



        		

          Objective

        



        		

          Material and methods

        



        		

          Results

        



        		

          Conclusion

        



        		

          1 Introduction

        



        		

          2 Materials and methods

        

          		

            2.1 Systematic literature research

          



          		

            2.2 Selection criteria

          



          		

            2.3 Screening, selection and data extraction

          



          		

            2.4 Assessment of methodological quality and risk of bias

          



        



        



        		

          3 Results

        

          		

            3.1 Study selection

          



          		

            3.2 Study characteristics

          



          		

            3.3 Methodological quality and risk of bias

          

            		

              3.3.1 Quality of studies

            



            		

              3.3.2 Random-effect model

            



          



          



        



        



        		

          4 Discussion

        



        		

          5 Conclusion

        



        		

          Data availability statement

        



        		

          Author contributions

        



        		

          Funding

        



        		

          Acknowledgments

        



        		

          Conflict of interest

        



        		

          References

        



      



      



    



  



OEBPS/Images/table6.jpg
Heterogeneity Statistics

Tau Tau?

0.209 0.0436 M 24.64% @ 1.327 3.000 = 4.289 | 0.232
(SE = 0.1438)






OEBPS/Images/fendo-15-1398375-g003.jpg
Co-funded by
the European Union






OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/table2.jpg
UTHOR

Manimmanakorn
etal. (2017) (25)

Alfonso-Rosa
(2016) (26)

Del Pozo-Cruz
etal. (2013) (27)

Baum et al.
(2007) (28)

Behboudi et al.
(2011) (29)

Michels et al.
(2021) (30)

OBJECTIVE

To identify beneficial
changes for the health of
people with DM 2 at WBV.

To determine the
applicability and
effectiveness of WBV to
improve functional capacity
and quality of life in
subjects with DM 2.

To test the feasibility, safety
and effectiveness of a 12-
wk WBV intervention on
glycemic control, lipid-
related cardiovascular risk
factors and functional
capacity among DM 2
patients in a primary

care context.

Influence of AE and
vibration on glucose
metabolism parameters in
people with DM 2.

Comparing how AE and
WBV affect glycemic
control in DM 2.

To evaluate the effect of
whole-body vibration at
28 Hz on glycemic control
and other metabolic
parameters in adults with
DM 2.

PLATFORM

Fitvibe
Excel (Vertical)

Physio Wave
700 (Oscillating)

Physio Wave
700 (Oscillating)

Vibrogym
Professional ©
(Oscillating)

Star Sport-
Taiwan (Oscillant)

SmartWalk
(Vertical)

SAMPLE

n =36

WBVG (n=17)
CG (usual physical
activity)

(n=19)

n =39
WBVG
(n=19)
CG

(n=20)

n =50
WBVG
(n=25)
CG

(n=25)

n =40

WBVG

(n=14)

Flexibility training
group

(8 static exercises)
(n=13)

Strength training
group

(8 stations in
weight machines)
(n=13)

n 30
AEG
(n=10)
WBVG
(n=10)
CG
(n=10)

n=22
WBVG
(n=11)
CG
(n=12)

INTERVENTION

f 30Hz-2mm: 1 Wk.
f 40Hz-4mm: 5-12
Wk.

3 x/Wk; 12 Wk
60sec VE/20 sec rest
12 min/session

f12, 14 and 16Hz-
4mm

3 x/Wk; 12Wk.
30-45-60 sec VE (1
progressive)/30 sec
rest

8-16 min/session

12,14 and 16 Hz -
4mm

3 x/Wk; 12Wk.
30-45-60 sec VE (1
progressive)/30 sec
rest

10 min/session

f30Hz-2mm: de la 1-9
Wk.

f 35Hz-2mm: 10-12
Wk

3 x/Wk; 12Wk

30 sec EV/no rest

20 min/session

f= 30Hz-2 mm

3 x/Wk; 8 Wk

60 sec EV/60 sec rest
16 min/session (1-3
week)

20 min/session (4-6
week)

24min/session (7-

8 week)

f28 Hz

mm (no data)

7 x/Wk; 12Wk.
20-30 min/session
No rest

SULTS

1 (p >005) in
FBG, HbAlc,
insulin level and
insulin sensitivity
in both groups.

1 (p <005)
HbAlc and FBG
WBVG

CG | HbAIC
and FBG

1 (p <0,05)
HbAlc and FBG
WBVG and CG

1 (p<005) in
FBG for all groups.
HbAlc | (p >
0,05) in WBVG.

1 HbAlc for

other groups.

No effect for FBG
for HbAlc.

1 higher for AE
and WBV than CG

HbAlc | (p <
0,05) in WBVG
FBG increase in
both groups but
there are no

significant changes

CONCLUSIONS

WBV may be an
effective method to
control some of the
deleterious outcomes
of DM 2 only in the
most severe cases.
No adverse effects.

1 Glycaemia level in a
VE session.
No adverse effects.

VE is feasible, safe
and effective in
improving glycemic
profile.

No adverse effects.

VE can be an effective
and time-efficient tool
for improving
glycemic control in
people with DM 2,
although no
significant data were
obtained.

No adverse effects.

Insignificant results
due the sample size.
'WBV could be an
option for DM 2
patients with obesity
or those who cannot
implement active
physical activity

No adverse effects.

Daily use of the
vibration platform for
12 weeks improved
HbA Ic in adults with
DM 2.

n, Sample size; WBV, whole body vibration; WBVG, whole body vibration group; CG, Control Group; DM 2, Diabetes mellitus type 2; FBG, fasting blood glucose; AEG, acrobic exercise group;
Wk, week; Hz, Hertz; VE, vibration exercise; HbA1c, Glycosylated Hemoglobin; f, Frequency; AE, acrobic exercise; mm, millimeters; min, minutes.
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