
Investigation of Effects of Galvanic Vestibular Stimulation 
on Patients With Type 2 Diabetes 

Introduction
Diabetes mellitus is a common endocrine disease which 
is characterized by chronic hyperglycemia and the 
impairment of the metabolism of proteins, carbohydrates, 
and lipids and results from the insufficiency of insulin 
secretions or target-tissue resistance to insulin function (1).

Hyperglycemia can lead to an increase in the levels 
of oxidative stress and lower the activity of antioxidant 
enzymes. This increase in reactive oxygen species (ROS) 
production in diabetic patients decreases insulin gene 
expression. Furthermore, studies support the role of 
oxidative stress in causing chronic hyperglycemia-
induced insulin resistance and increasing complications 
such as micro-vascular and macro-vascular diseases and 
atherosclerosis development in such patients (2).

The management of patients includes training, healthy 
diets, weight control, physical activity, blood glucose 
monitoring by the patient, and if necessary, the use of 
anti-hyperglycemic agents (1). Diet and exercise are the 
essential components for the treatment of patients with 
diabetes (3). However, many diabetes patients fail to 
control their blood sugar levels thus there is a need for 
complementary therapies. In recent years, considering the 

role of the autonomic nervous system, which is one of the 
most important regulators of endocrine secretion glands, 
vagal nerve stimulation is used to control blood glucose in 
these patients (4).

The autonomic nervous system includes 
parasympathetic and sympathetic sections. The 
stimulation of the parasympathetic section leads to the 
stimulation of the secretion of insulin from the pancreas, 
and the stimulation of the sympathetic section by the 
norepinephrine secretion affecting adrenergic alpha-
receptors inhibits its secretion. Blood glucose levels could 
be controlled in patients suffering from type 2 diabetes 
mellitus by stimulating the parasympathetic system and 
inhibiting the sympathetic system and thus increasing 
insulin secretion (5).

The vagus nerve which is a part of the autonomic nervous 
system consists of motor, sensory, and parasympathetic 
nuclei. Studies have shown that the stimulation of the 
dorsal motor nucleus of the vagus nerve (DMX) and 
nucleus tractus solitarius (NTS) can regulate the secretion 
of endocrine secretion glands. The branches of the right 
vagus nerve innervate pancreatic islets. The secretion of 
glucose-dependent insulin is altered by several hormones 
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and neurotransmitters such as acetylcholine. Acetylcholine 
is secreted by terminals within the parasympathetic 
pancreatic vagus nerve. This secretion plays an important 
role in maintaining glucose tolerance (6).

Direct neuronal connections are observed among DMX, 
NTS, and vestibular nuclei. In the central DMX region, 
there are cells originating from the vestibular system. 
The ipsilateral vagus nerve is evoked by stimulating the 
vestibular system. As a result, the vestibular stimulation 
by changing the activity of the vagus nerve through the 
above-mentioned process leads to increased insulin 
secretions, control of obesity, and ultimately, control of 
blood glucose (5). 

Swinging, rotating chairs, caloric stimulation, and 
galvanic vestibular stimulation (GVS) are the stimuli 
which are commonly used to induce vestibular stimulation 
for clinical and research purposes. It is shown that caloric 
stimulation and oscillatory movements are effective in 
controlling blood glucose in diabetes mellitus, indicating 
the ability of the vestibular stimuli in controlling blood 
glucose (6,7).

The advantage of GVS is that it is less invasive than caloric 
stimulation and is not affected by middle ear disorders. 
On the other hand, it results in a controlled firing in the 
afferent fibers from the whole parts of the vestibular system 
without causing a potential change in the intervention in 
non-vestibular inputs such as oscillatory movements (8). 
The GVS signal is transmitted by irregular units and can 
be sent to all areas of the central nervous system receiving 
vestibular branches (9,10). One of the advantages of this 
response is that it is highly automated, and despite the 
stimulation of the mobile visual environment, the GVS 
response is not habitual even when it is repeated by the 
individual itself (11). The GVS uniformly activates the 
initial afferents of all vestibular sensory regions, thus the 
position of GVS stimulation causes no specific change 
in stimulating pathways (12). Furthermore, evidence 
suggests that providing noisy galvanic stimulation below 
the threshold level can improve motor function and the 
efficacy of the autonomic nervous system in patients with 
neurodegenerative lesions (13). 

Low treatment and lack of awareness of accompanying 
problems and disease management are among the main 
causes of increased mortality due to this disease. For 
this reason and by considering the effects of vestibular 
stimulation on increasing the activity of the autonomic 
nervous system, especially the parasympathetic system 
and increased insulin secretions, the current study aimed 
at using these features to control the blood glucose level 

and hemoglobin A1c (HbA1c) in patients suffering 
from diabetes. It is recommended that internal medicine 
specialists utilize the study findings for patients with 
diabetes and enhance treatment and control of disease 
progression. 

Materials and Methods
The current single-blind randomized clinical trial was 
registered at the Iranian Registry of Clinical Trials 
(identifier: IRCT20180228038904N1, https://www.irct.
ir/trial/30414). The study protocol was also approved by 
the institutional Ethics Committee of the University of 
Social Welfare and Rehabilitation Sciences (IR.USWR.
REC.1396.249). 

All participants signed the informed consent form 
prior to enrolment in this study. The study procedures 
and experiments were carried out at the Diabetes Clinic 
of Bou-Ali hospital, Zahedan, Iran under the supervision 
of an endocrinologist and a medical team from February 
2017 to January 2019.

The inclusion criteria were the age range of 40-65 years, 
confirmation of the diagnosis of type 2 diabetes mellitus 
by an endocrinologist, at least six months of receiving type 
2 diabetes diagnosis and treatment for blood glucose, the 
HbA1c level of 7.5%-9.5%, and the lack of health issues 
interfering with diabetes or its treatment. The other 
criteria were the lack of systemic disease such as kidney, 
liver, and rheumatologic diseases, digestive and balance 
disorders, pregnancy, and cerebrovascular diseases, no 
history of intensive infections in the previous month, 
and a willingness to participate in the study. On the other 
hand, the exclusion criteria included an unwillingness 
to participate in the trial and any illness that required 
medical interventions and could have a negative impact 
on the study process.

By using random block sampling and according to 
results of the pilot study, 48 patients were selected and 
then divided into GVS, sham GVS, and no-treatment 
groups. Fasting blood sugar (FBS), HbA1c, and body mass 
index (BMI) were recorded for all participators.

The laboratory used a turbidimetric inhibition 
immunoassay method to measure HbA1c and the 
enzymatic glucose oxidase method for the measurement 
of FBS.

All groups were advised not to stop using their anti-
diabetic drugs throughout the study period. Each subject 
in the GVS group received stimulation three times a 
week on three different days via two electrodes placed 
on mastoid processes by a trained clinician. Stimulation 
sessions lasted 20 minutes and the applied voltage was set 
just below the threshold of the individual. The stochastic 
stimulation was applied with the random frequencies of 
1-30 Hz. 

All conditions of the sham GVS group were similar to 
those of the GVS group except for the current that was 
reduced to zero after about 10 seconds. At the end of 
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the 12th week of the intervention, blood sampling was 
performed by a laboratory technician in order to check 
blood sugar and HbA1c level changes.

The SPSS software (version 19) was utilized for 
statistical data analysis at a significant level (P<0.05). The 
one-way ANOVA technique and Tukey’s test were applied 
to compare the values of BMI, FBS, and HbA1c in three 
groups of GVS, sham GVS, and no-treatment control 
group. Then, a paired-samples t-test was used to make a 
comparison between the baseline and 12-week values of 
BMI, FBS, and HbA1c individually in GVS, sham GVS, 
and no-treatment control groups.

Results
The present study was performed on 48 adult patients 
(with mean age of 50.79 ±6.65 years) who were divided 
into three groups of intervention (GVS; n = 16, mean age 
of 52.56 ± 7.02 years), sham GVS (n = 16, mean age of 
years 49.75 ± 5.65), and the control group (no-treatment; 
n = 16, a mean age of 50.06 ± 7.23 years).

The results showed no significant differences between 
the three groups regarding the baseline values of BMI, 
FBS, and HbA1c (Table 1, P > 0.05) and age (P = 0.433). 

Contrarily, there were statistically significant differences 
between the three groups with respect to the obtained 
values at the end of the twelfth week of BMI and FBS 
although the differences were not significant in terms of 
HbA1c (Table 2).

Similarly, a significant difference was observed between 
the baseline and 12-week values of BMI and FBS in the 
GVS group although the difference was not statistically 
significant with regard to HbA1c (Table 3).

However, no significant differences were found 
between the initial values and those obtained at the end 
of the twelfth week in the sham and no-treatment groups 
(Tables 4 and 5).

Discussion
Considering the globally increasing prevalence of 
diabetes, controlling this disease is the core of treatment 
and providing a simple and cost-effective method in this 
regard is crucial for public health. 

One of the problems of diabetic patients is related to 
ROS production. The increments in ROS production in 
diabetic patients decrease insulin gene expression, thus 
leading to the worsening of the patient’s condition and 
the progression of the disease. Accordingly, breaking this 
chain can lead to positive results in the management of 
patients (2).

In the beginning stages, diabetes can be controlled by 
a diet, physical activity, and weight loss. Nonetheless, the 
oral medication should be prescribed if these methods 
are ineffective. However, in many patients, blood glucose 
levels are not effectively controlled due to drug resistance 
thus such patients need complementary treatments (3). 

In recent years, considering the role of the autonomic 
nervous system, which is considered as one of the most 
important regulators of endocrine secretion glands, the 
use of vagal nerve stimulation in controlling blood glucose 
and obesity in such patients has raised attention (4). 

Huang et al reported that stimulating the vagus nerve 
with an electrical current through the terminals of the 
nerve on the auricle, blood glucose, and HbA1c levels may 
be lowered in subjects with impaired glucose tolerance. 
The difference between the result of the current study and 
that of Huang et al was the location of the stimulation, the 

Table 1. Initial BMI, FBS, and HbA1c Values in 3 Groups

GVS Sham GVS Control P Value

FBS 268.31 261.06 271.12 0.923

HbA1c 8.46 8.35 8.33 0.833

BMI 29.43 28.87 29.25 0.503

Note. FBS: Fast blood sugar level (mg/dL); HbA1c: Hemoglobin A1C in 
percentage; BMI: Body mass index (kg/m2); GVS: Galvanic vestibular 
stimulation. 

Table 2. Values of BMI, FBS, and HbA1c in Three Groups at the 12th Week

GVS Sham GVS Control P Value

FBS 202.25 259.93 265.68 0.017*

HbA1c 8.52 8.49 8.33 0.673 

BMI 27.43 28.68 29.06 0.002*

Note. *P<0.05; FBS: Fast blood sugar level (mg/dL); HbA1c: Hemoglobin 
A1C in percentage; BMI: Body mass index (kg/m2); GVS: Galvanic vestibular 
stimulation. 

Table 3. Comparison of Values in GVS Group

Initial 12-week P Value

FBS 268.31 202.25 0.001*

HbA1c 8.462 8.525 0.189

BMI 29.43 27.43 0.001*

Note. *P<0.05; FBS: Fast blood sugar level (mg/dL); HbA1c: Hemoglobin 
A1C in percentage; BMI: Body mass index (kg/m2); GVS: Galvanic vestibular 
stimulation.

Table 4. Comparison of Values in Sham GVS Group

Initial 12-week P Value

FBS 261.06 259.93 0.458

HbA1c 8.356 8.493 0.296

BMI 28.87 28.68 0.094

Note. FBS: Fast blood sugar level (mg/dL); HbA1c: Hemoglobin A1C in 
percentage; BMI: Body mass index (kg/m2); GVS: Galvanic vestibular 
stimulation.

Table 5. Comparison of Values in Non-treatment Group

Initial 12-week P Value

FBS 271.12 265.68 0.332

HbA1c 8.337 8.331 0.469

BMI 29.25 29.06 0.094

Note.  FBS: Fast blood sugar level (mg/dL); HbA1c: Hemoglobin A1C 
in percentage; BMI: Body mass index (kg/m2); GVS: Galvanic vestibular 
stimulation.
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type of electrical stimulation, and the number of sessions 
that stimulation was presented over the 12 weeks (4). 

The present study investigated the efficacy of GVS in 
diabetic patients. Due to the extensive association of the 
vestibular nuclei with the central nervous system, GVS 
has been so far of interest to researchers. Numerous 
studies confirmed the positive effects of GVS on a variety 
of disorders such as unilateral vestibular dysfunction, 
Parkinson’s, and cognitive disorders (13-17). 

In the study by Huang et al (4), vagus nerve stimulation 
was performed through the auricle whereas in the current 
study, the stimulation of the vagal nucleus was considered 
to utilize the other features of vestibular stimulation, 
including the inhibition of the sympathetic system 
through its synaptic connections with the vestibular 
nucleus. In both studies, blood sugar levels decreased as 
a result of the intervention. Compared with the study by 
Huang et al, the HbA1c results in this study showed no 
differences between the three groups, which may be due 
to the difference in the number of sessions of stimulation. 
In the current study, each patient was stimulated three 
times a week whereas, it was performed twice daily in the 
above-mentioned study.

As mentioned earlier, utilizing vestibular stimulation to 
lower blood sugar in diabetes has been studied in two other 
studies (6,7). The type of applied vestibular stimulation in 
the current study was different. In the Athira pilot study on 
rats, caloric stimulation was used and the results revealed 
the positive effect of caloric stimulation on lowering blood 
sugar levels (6), which is in line with the results of the 
current study. Galvanic stimulation is less invasive than 
caloric and needs simpler equipment that can be used at 
home. Moreover, middle ear diseases do not adversely 
affect its efficiency.

In a case study by Sailesh et al, a diabetic patient 
received a vestibular stimulation for 26 weeks through a 
swinging movement. The results showed that medication 
accompanied with vestibular stimulation could have 
been better controlled blood glucose levels compared 
to medication alone (7), which corroborates with the 
findings of the current study. 

Compared with swing motion, GVS results in a 
controlled firing in the afferent fibers from the whole 
parts of the vestibular system, and non-vestibular inputs 
do not interfere with its results (8). On the other hand, 
Guerraz and Day emphasized that despite the stimulation 
of the mobile visual environment, responses evoked by 
GVS were not affected by predictability (11).

The BMI was one variable that was investigated in our 
study but was not reviewed in the mentioned studies.

Obesity is one of the most important causes of diabetes 
in patients who are genetically predisposed to this 
disease (1). 

Indicator points in the comprehensive treatment of 
patients include training, healthy eating, weight control, 
physical activity, blood glucose monitoring by the patient, 

and if necessary, the use of anti-hyperglycemic agents (1). 
Diet and exercise are important components for treating 
patients with both types 1 and 2 (3).

Stimulating the vagus nerve can regulate the feeding 
behavior via the connections between NTS and 
hypothalamic nuclei (4,18), and as a result, the stimulation 
of the vestibular nuclei can also contribute to weight 
loss (5). 

Our finding on the use of GVS in diabetic patients 
showed a reduction in BMI, which is consistent with the 
results of some studies reporting the role of vagus nerve 
stimulation in losing weight (4,19). According to the 
results of this study, further studies can be done on this 
method and lead to the clinical application of GVS in 
diabetes clinics for controlling blood sugar and weight in 
patients who are resistant to medical therapy.

Limitations of the Study
One of the limitations of our study was that participants 
were volunteers. Therefore, some of them were excluded 
from the study during the three-month stimulation period. 
The availability of only one device during the study was 
another constraint of the study. Thus, we suggest larger 
sample sizes and control of changes over a longer period 
of stimulation for subsequent studies.

Conclusions
The results of the current study showed that in patients with 
diabetes, GVS, along with receiving medical treatment, 
led to a further decrease in blood pressure compared to 
sham and control groups, and this method can be used to 
treat patients with treatment-resistant diabetes and lower 
pharmacotherapy. It also reduces the BMI, which, in turn, 
reduces the blood sugar in patients.
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