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ABSTRACT

Context As the prevalence of obesity and diabetes continues to increase there is a need for new interventions to control this epidemic.
Multiple alternative treatment methods exist for type 2 diabetes mellitus such as acupuncture, bariatric surgery, yoga, aromatherapy,
herbal remedies, etc. Whole Body Vibration is a relatively new area of interest recently utilized as an adjunctive therapy in type 2 diabetes
mellitus, representing a potentially new and novel treatment for type 2 diabetes mellitus. Objective The primary objective of this study
was to summarize current literature regarding the effects of whole body vibration on type 2 diabetes mellitus. This review details the
effect of whole body vibration on areas of high clinical impact in the treatment of type 2 diabetes mellitus such as glycemic control,
body composition, renal function, inflammatory indices, peripheral neuropathy, and wound healing. Methods Reviewers independently
screened abstracts and full texts in journal articles and books to extract data from multiple studies and literature to compile a current
review on the topic of whole body vibration and diabetes mellitus. Results Current literature in murine and human models reported an
overall improvement in glycemic control, renal function, inflammatory indices, and peripheral neuropathy following whole body vibration
therapy. Whole body vibration effect on body mass composition is controversial with inconsistent reports of the effect on lean mass, bone
density, and fat mass. Conclusions Whole body vibration has demonstrated significant promise in improving multiple systems related to
the sequela of type 2 diabetes mellitus, thereby suggesting a new and novel treatment modification in this patient population. Subsequent
studies are needed to further analyze the effect of whole body vibration on type 2 diabetes mellitus.

INTRODUCTION
Diabetes is the fifth leading cause of death in the US,
and according to the National Diabetes Statistics Report
in 2014 approximately 29 million Americans are living
with diabetes mellitus with the majority being type 2
diabetes mellitus (T2DM) [1]. It is reported that every 10
seconds a person dies worldwide secondary to a diabetesrelated pathology [2]. The prevalence of childhood obesity
continues to rise dramatically, going hand in hand with
the increased incidence of T2DM. According to recent
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studies, 25% of children and adolescents are overweight
or obese [3]. The prevalence of T2DM in adolescents 12
to 19 years rose from 9% in 1999/2000 to a staggering
23% in 2007/2008 according to the 2008 National Health
and Nutrition Examination Survey (NHANES) [4, 5]. Excess
caloric intake combined with decreased physical activity
and energy expenditure as a result of a more sedentary
lifestyle has led to this inevitable increase in T2DM and
obesity. These lifestyle trends have resulted in a staggering
rise of Lifestyle-Related Chronic Diseases including
diabetes, obesity, hypertension, and cardiovascular
disease [6]. With the increasing prevalence of T2DM, there
is increasing economical burden worldwide as a result of
secondary health complications [2].
Central obesity, impaired insulin secretion from
pancreatic B-cells, and decreased insulin sensitivity of
peripheral tissues contribute to insulin resistance which
results in hyperglycemia and ultimately T2DM as a result
of a progressive imbalance in glucose homeostasis. Recent
studies have reported pancreatic beta cells as regulators
of rhythmic transcription genes controlling insulin
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secretion, revealing an essential role of the circadian
timing system in diabetes [7, 8]. Excess visceral adipose
tissue is independently associated with the development
of diabetes secondary to increased insulin resistance [4,
9]. Impaired insulin-induced signal transduction results in
peripheral insulin resistance via impairment of membrane
translocation of glucose transporters [1, 10]. Pharmacologic
treatment has focused on improving tissue sensitivity,
increasing insulin levels, and reducing carbohydrate
absorption from the gastrointestinal tract [2]. In short, the
pathogenesis behind T2DM is multifactorial and requires
evolving treatment modalities to improve management of
this complex disease process.

Nutrition and exercise are the number one
recommendations for treatment of T2DM. With regular
exercise there is an increase in energy expenditure with the
expectation of decreasing peripheral adipose tissue. With
resistance training and aerobic exercise there is generally
a reduction in HbA1c, fasting glucose, hyperlipidemia, and
hypertension [11]. Exercise may also improve glycemic
control in T2DM due to anti-inflammatory properties
as demonstrated in animal models [1, 12-14]. Although
this approach is the most recommended, there is low
compliance long term with strenuous and time-consuming
exercise regimens. Thus, there is the need for developing
new and novel treatment strategies. Like exercise, whole
body vibration (WBV) exerts mechanical stresses on
the skeleton, which could potentially indicate a novel
exercise modification. It may allow the health benefits of
exercise without the intensity and duration of standard
sustained exercise programs. This review will detail
specific findings involving the effects of standard high
frequency, low-amplitude WBV on factors related to
T2DM such as body mass composition, glycemic control,
renal function, inflammation, peripheral neuropathy,
and wound healing.

WHAT IS WHOLE BODY VIBRATION (WBV)?

Whole Body Vibration (WBV) is a relatively new
area of interest in medicine with increasing focus on the
effects WBV has on various systems. It has demonstrated
promise as a new modality in therapy for a number of
different disease processes. Utilizing specific frequencies
and amplitudes, WBV transmits vibration via vertical
(synchronous) or side-alternating (oscillating) platforms
to the body while standing on the delivering platform
[15, 16]. Frequencies and amplitudes delivered through
the vibrating platforms range between 5-90 Hz and up to
10mm respectively [17]. During WBV treatment with low
magnitude/high frequency vibration, mechanical stimuli
are transmitted throughout the body, loading bone and
stimulating sensory receptors and muscle spindles, which
in turn causes contractions that lead to tonic vibration
reflexes [15-17]. This ultimately elicits a warm-up effect,
which can improve muscle power and strength [16].
Many studies utilizing WBV have been performed on
patients with neurologic disorders such as Parkinson’s,

Cerebral palsy, stroke, etc. to evaluate the benefits
on spasticity, rigidity, tremor, balance, and muscle
weakness [15]. WBV has also been a major area of focus
in athletic conditioning and rehabilitation. More recent
studies have focused on vibration exercises to prevent
osteoporosis and muscular atrophy, to improve muscle
strength and balance, to improve skin blood flow, and
to improve glycemic control [18-21]. Although not as
extensively studied, more recent research is focusing on
the application of WBV therapy in T2DM as discussed
below. The beauty of utilizing WBV as an exercise
modality is the reduced time and effort required of
individuals when compared with standard exercise
regimens, thus representing a potentially new and novel
adjunctive therapy in T2DM.

WHOLE BODY VIBRATION THERAPY AND TYPE 2
DIABETES MELLITUS
Effects of WBV on Glucose Metabolism

Glycemic control is the cornerstone of treatment of
diabetes and the degree of glycemic control is directly
related to the risk for diabetic complications [2]. Therefore,
treatment is aimed at reducing hyperglycemia to minimize
these complications. Many studies have demonstrated
improved glucose control with the use of WBV therapy.
Studies have been performed in murine and human
models to evaluate the effects of WBV on glucose control.
A clinical report from Germany in 2007 demonstrated
superior glycemic control in elderly patients with T2DM
treated with WBV when compared to the control [20]. This
study utilized a daily horizontal swing administering WBV
at 2mm maximum amplitude and a frequency of 30 Hz for
three weeks, reporting a decrease in peak fasting glucose
concentrations of 6% following oral glucose tolerance
testing [20].
Yin et al. studied the effects of WBV therapy on
diabetic (db/db) and non-diabetic (db/m) mice. This
study demonstrated a reduced HbA1c (~22 %; p <0.05)
in the vibrated diabetic mice when compared with nonvibrated diabetic mice; however, WBV did not affect
HbA1c levels in the non-diabetic mice (Figure 1) [1]. The

Figure 1. HbA1c levels of non-vibrated and vibrated db/m and db/db
mice; data are mean +/- SD of n=6 animals for each group.
*p<0.05 compared to their respective db/m controls.
**p<0.05 compared to their non-vibrated counterparts [1].
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Figure 2. The effect of WBV on glycemic control. Muscle contraction leads to osteocyte stimulation and osteocalcin release, which increases beta cell
mass, insulin secretion, and insulin sensitivity, thereby decreasing blood glucose. Energy expenditure with exercise increases the translocation of GLUT-4
receptors, increasing influx of glucose into cells, thereby decreasing blood glucose levels.

authors of this study prompted further speculation that an
osteocyte-dependent process may be a likely contributor
to the regulation of glucose. The reasoning behind this
postulation lies in the bone’s role as an endocrine organ
secreting osteocalcin which leads to an increase in B-cell
mass, insulin secretion, and insulin sensitivity, which
ultimately will lower blood glucose [1, 22]. The skeleton
undergoes stress secondary to muscle contractions and
gravitation during exercise, creating fluid flow within the
lacuna-canalicular systems of the bone [1, 23]. This results
in osteocyte stimulation to signal for osteoblast synthesis
and release of osteocalcin [1, 24]. Therefore, osteocalcin
could potentially cause the exercise-induced improvement
in insulin sensitivity and glucose control secondary to the
exercise stimulated increased release of osteocalcin by
bone (Figure 2) [1, 25]. Although the reason for improved
glycemic control is unclear, the data from the mouse
model strongly suggests that WBV has beneficial effects on
glucose metabolism [1].

Glut-4 is a specific glucose transporter found in
adipocytes and skeletal muscle that facilitates movement
of glucose into the cell following insulin stimulation which
is of particular interest in this topic as resistance training
increases energy expenditure as well as insulin-induced
membrane translocation of GLUT-4 [1, 10]. If WBV does

indeed mimic resistance training and achieves the same
physiologic effects, it could stimulate this insulin-induced
membrane translocation of GLUT-4, providing an additional
logical reason behind the improved glycemic control seen in
subjects following WBV therapy (Figure 2).
Pozo-Cruz et al. performed a study on the feasibility
and safety of utilizing WBV treatment for 12 weeks to
reduce cardiovascular risk factors in T2DM patients with
a sedentary lifestyle [11]. They demonstrated a reduction
in HbA1c and fasting glucose in patients with T2DM in
a primary care setting [11]. Alfonso-Rosa et al. further
described the cost-utility of a 12-wk WBV treatment
in patients with T2DM, demonstrating that WBV in
comparison to standard care is indeed cost-effective [26].
There is great promise with WBV as a treatment
modality in patients with T2DM to improve glycemic
control. WBV may simulate actual exercise in a manner that
stimulates similar pathways thus causing improvement in
glucose metabolism. More extensive studies are needed to
further evaluate the effects of WBV on glycemic control.
Effects of WBV on Renal Function

Diabetic nephropathy is a major complication affecting
approximately 40% of patients worldwide and has been
reported as one of the leading causes of renal failure in
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the United States [2]. The cause of diabetic nephropathy
is a result of progressive microvascular disease resulting
from a chronic hyperglycemic state. Very few studies have
been performed that focus on the effects of WBV on renal
function with virtually no discussion of the effect in humans.
However, this is a critical system to study secondary to the
natural disease process of diabetes largely impacting the
renal system. A few select studies exist utilizing murine
models that demonstrate promise for improvement in
renal function following WBV therapy.

Lin et al. studied WBV benefits on diet-induced obese
middle-aged mice to evaluate body composition, exercise
performance, and physical fatigue-related and biochemical
responses [27]. This study utilized both high frequency
WBV (13 Hz, 2mm, 0.68g) and low frequency WBV (5.6
Hz, 2 mm, 0.13 g), reporting a dose-dependent decrease
in creatinine that was seen in mice treated with WBV
compared to controls (p=0.0020) [27].
In an investigation of diabetic nephropathy performed
by Mozaffari et al. there was a reported increase in
immunostaining of gamma-H2AX (a marker of cell injury)
in renal tissue in diabetic mice when compared with nondiabetic mice [28]. In another study by Baban et al. renal
cells prepared from kidneys of diabetic mice demonstrated
an increase in IL-17 (pro-inflammatory marker) in
diabetic mice when compared to non-diabetic mice [29].
Yin et al. reported a statistically significant decrease in IL17 and gamma-H2AX in diabetic mice treated with WBV
when compared to unvibrated diabetic mice. This could
demonstrate a significant impact on renal function.

Yin et al. further addressed renal function in terms
of measuring water intake, urine excretion, and urine
osmolality in adolescent diabetic and non-diabetic mice
[1]. In this study, WBV did not affect urine osmolality or
urine output but did stimulate an increase in fluid intake
in the non-diabetic mice [1]. However, the diabetic mice
demonstrated reduced fluid intake by 25%, decreased
urine excretion, and increased urine osmolality by 28%,
consistent with improved urinary concentrating abilities [1].
If whole body vibration can improve creatinine and
decrease cellular damage to kidneys, one could postulate
that this could have a significant impact on the treatment
and prevention of diabetic nephropathy. Additional
research is needed in this area to evaluate the effects of
WBV on the renal system.
Effects of WBV on Body Mass Composition

If WBV is considered a modification of resistance
training exercise then one would expect that it should help
decrease body fat, increase lean mass, and improve bone
density. In an obese subject, one would expect a decrease
in weight following WBV therapy. Unfortunately, current
research results that focus on this area are controversial as
to the true effect of WBV on body composition.

In a murine model, Yin et al. did not demonstrate a
significant difference in weight between vibrated and

non-vibrated mice in both the diabetic group and nondiabetic group of mice [1]. However, specific lean mass
versus adipose tissue was not evaluated in this model. Lin
et al. studied body composition in their research of WBV
in diet induced, middle aged mice [27]. This study again
demonstrated no difference in body weight; however,
they did report a significant decrease in the absolute and
relative weight of the liver as well as a frequency dosedependent increase in the absolute and relative weight of
brown adipose tissue [27].

With regards to human research, Gonzalez-Aguero
et al. studied the effect of WBV on body composition in
adolescents with Down syndrome. After measuring upper
and lower limb body fat and lean body mass, they reported
a reduction in body fat of the upper limbs (p<0.05) and
an increase in whole body lean mass following 20 weeks
of WBV therapy [30]. Conversely, Pitukcheewanont et al.
and Söderpalm et al. reported no difference in femoral fat
mass following WBV treatment as measured by Computed
Tomography and Dual energy X-ray modalities respectively
[31, 32]. Pitukcheewanont et al. did, however, report
significant increases of 6.2% in cancellous bone density,
2.1% in cortical bone density, and 6.1% in muscle mass
[31]. Pozo-Cruz et al. reported no significant difference in
weight in T2DM following a 12-wk WBV regimen, although
they did demonstrate a significant reduction in lipidrelated cardiovascular risk factors such as cholesterol,
triglycerides, and atherogenic index [11].

Animal models with osteoporosis have been studied
and demonstrated improved bone density and bone
strength following treatment with short-term lowintensity, high frequency mechanical stimulation [31]. As
previously stated, Pitukcheewanont et al. demonstrated
an increase in bone density in children, though it was
studied in children with pre-existing low bone density
[31]. Söderpalm et al. reported no significant change
in bone mass, muscle strength, or bone density when
studying the effect of WBV therapy in patients with
Duchene Muscular Dystrophy but did report an increase
in a marker for bone formation: bone-specific alkaline
phosphate [32]. Ruck et al. studied WBV therapy in
children with cerebral palsy and actually found an
increase in areal bone mineral density at the lumbar
spine but a decrease in bone density in the diaphysis of
the femur in the WBV group [33].
Much controversy exists regarding the effects of WBV on
body composition. Although WBV has not been reported
to have a significant impact on weight, it may affect
individual aspects to overall improve body composition.
If WBV can reduce body fat while increasing lean body
mass and bone density, it would again demonstrate
a possible alternative or adjunctive treatment option
for obesity and T2DM. Further research focusing on
individual aspects of body composition will be helpful
to determine the effects of WBV on fat mass, lean muscle
mass, and bone density.
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Effects of WBV on Inflammatory Indices
Recent studies have reported that the pathology
of diabetes involves chronic inflammatory processes,
necessitating treatment of inflammatory events in this
patient population [2]. Mozaffari et al. described multiple
studies focusing on the interplay of systemic and tissue
specific inflammatory events involved in the “diabetesassociated immune response” [2]. Insulin resistance and
islet beta-cell dysfunction in T2DM has been reported to
be secondary to oxidative stress, endoplasmic reticulum
stress, lipid deposition in muscle, liver, and pancreas,
amyloid deposition in the pancreas, and more [34]. Donath
et al. reported immunological changes altered in obesity
and T2DM such as specific cytokines and chemokines,
leukocyte populations, tissue fibrosis, and apoptosis,
suggesting the relationship between inflammation and the
pathogenesis of T2DM [34]. Teixeira-Lemos described the
anti-oxidant and anti-inflammatory effects of regular exercise
as treatment and prevention of T2DM, recognizing this crucial
interplay between inflammation and diabetes [12].

WBV has reportedly exerted beneficial effects on indices
of inflammation and cell injury [1]. Yin et al. demonstrated
a reduced pro-inflammatory profile and less cytotoxicity
in mice treated with WBV by analyzing the whole blood
of experimental animals for IL17 (a pro-inflammatory
cytokine and marker of T helper cells) and Foxp3 (an antiinflammatory marker of regulatory T cells) expression [1,
35, 36]. IL-17 positive cells and Foxp3 positive cells were
significantly reduced and increased respectively in the
vibrated diabetic mice when compared to non-vibrated
diabetic mice (Figure 3) [1].

Further evaluation of the expression of gamma-H2AX (a
marker of DNA injury) demonstrated a markedly reduced
percent of whole blood cells testing positive for gammaH2AX in the vibrated db/db mice when compared to nonvibrated db/db mice (Figure 4) [1, 28, 37].
Overall these studies demonstrated improvement in
inflammatory parameters with a decrease in cellular injury

following WBV therapy. With inflammation identified as an
integral factor in the pathogenesis of T2DM it is necessary
to focus on treatments that will affect the inflammatory
profile. If these studies can be translated to humans, WBV
may indeed improve inflammatory parameter and in turn
contribute to the treatment of T2DM.

Effects of WBV on Peripheral Neuropathy in
Patients with Type 2 Diabetes

Peripheral neuropathy is commonly found in patients
with long-standing diabetes mellitus as a result of
progressive microvascular disease causing decreased blood
flow to the skin and ultimately peripheral somatosensory
deficits. In fact, neuropathies are one of the most common
complications of diabetes mellitus, representing roughly
60% of non-traumatic amputations in the United States
[19, 38].

Recent research has demonstrated the positive
impact WBV has on balance in patients with peripheral
neuropathy. Yoosefinejad et al. performed a study
evaluating the short-term effects of WBV on the
balance and muscle strength of patients with T2DM
and pre-existing peripheral neuropathy. They reported
significantly increased strength of the tibialis anterior
(p=0.004) and quadriceps muscles (p=0.05) after
only 6 weeks of WBV therapy [39]. This study also
demonstrated a significant decrease in the “Timed
Up & Go Test” (p=0.001), a measure of balance, when
compared with the control [39]. Johnson et al. reported
improved skin blood flow in subjects treated with lowfrequency, low-amplitude WBV [19].
The application for WBV in the treatment of diabetic
peripheral neuropathy is multifactorial. Improving
distal extremity strength will likely improve balance
control, an important consequence of peripheral
neuropathy. More importantly, if WBV may be applied
in the treatment of T2DM, it could be postulated that
if it results in improved skin blood flow then it could
potentially prevent, or at least slow the progression, of

Figure 3. FACS analysis of IL-17 (a) and Foxp3 (b) positive cells of peripheral blood obtained from vibrated and non-vibrated db/m and db/db mice; data
are mean +/- SD of percent of CD4+ cells of n=6 mice/group.
*p<0.05 compared to their respective controls.
**p<0.05 compared to their non-vibrated counterparts [1].
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found in diabetes as discussed above, but one would also
expect to see an improvement in diabetic foot ulcers and
delayed wound healing with improved skin blood flow
(Figure 5).

CONCLUSION

Figure 4. FACS analysis of gama-H2AX expression of vibrated vs. nonvibrated db/m and db/db mice; data are expressed as mean +/- SD of
percent of total peripheral blood cells (n=6 animals/group).
*p<0.05 compared to their respective db/m controls.
**p<0.05 compared to their non-vibrated counterparts [1].

the microvascular disease effects causing this neurologic
sequela.
Effects of WBV on Wound Healing

Yet another significant cause of morbidity and
mortality in patients with T2DM are diabetic ulcers
and poor wound healing. Approximately 25% of
diabetics worldwide develop a foot ulcer, and greater
than half of these wounds are unhealed after longterm treatment [40, 41]. Wound healing is intricate
and involves multiple cell types and cellular processes
such as clot formation, inflammation, epithelialization,
angiogenesis, granulation tissue formation, wound
contraction, and tissue remodeling [41]. With sustained
nutrient and caloric excess there is a dysregulation of
energy metabolism, which causes further detrimental
effects [2]. Obesity and hyperglycemia cause apoptosis,
necrosis, ischemia, hypoxia, cellular swelling,
microangiopathy, neuropathy, persistent inflammation,
and eventually tissue breakdown and chronic wounds
[2]. If WBV can affect the steps of wound healing on a
cellular level, one could expect an alteration in wound
healing as a result (Figure 5).

With diabetic complications currently one of the
leading healthcare problems in the United States and
worldwide, it is necessary to continue the search for
treatment modifications. WBV therapy is a potentially
new and novel adjunctive therapy that could be
beneficial in patients with T2DM. Improvement of
weight and glycemic control will have a huge impact
clinically for this patient population. Improvement in
renal function would highly impact transplant medicine
as it stands now with diabetic nephropathy a major
factor contributing to the high demand for kidney
transplants. Treatment altering the inflammatory
pathologic basis of this disease could potentially impact
multiple factors and secondary complications seen in
this population. Improvement in peripheral neuropathy
would not only improve quality of life but could also
potentially decrease the incidence of non-healing
wounds or injuries as a result of decreased sensation
to the lower extremities. Lastly, improvement in wound
healing would have a huge impact on the morbidity and
mortality of this population.
Subsequent studies are necessary to evaluate the
extent of benefits that WBV therapy could provide as an
adjunctive treatment modality in T2DM. This subject needs
to be further explored with randomized clinical trials of
significance focusing on the various pathologic processes
behind this multifactorial disease. There have not been any
reported negative effects of WBV therapy, and as this could
be a potential new and novel therapy, we believe it is not
unreasonable to incorporate this treatment modality into
the primary care setting.

Weinheimer-Haus et al. described improved
angiogenesis and wound healing in diabetic mice. This
study evaluated delayed wound healing in diabetic
mice receiving excisional cutaneous wounds with the
experimental group receiving low-intensity vibration
therapy for 30 min/d. At 7 and 15 days wound tissue
was collected and evaluated with the vibrated group
demonstrating increased angiogenesis and granulation
tissue after 7 days of treatment and accelerated wound
closure and re-epithelialization at days 7 and 15 of
treatment [40].

Yet another important factor impacting wound
healing is blood flow to the skin. As discussed earlier,
Johnson et al. reported a significant increase in
skin blood flow in diabetic patients with peripheral
neuropathy receiving WBV when compared to the sham
(p=0.115) [19]. Not only would improving skin blood
flow likely improve peripheral neuropathy frequently

Figure 5. WBV effects on factors influencing wound healing.
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