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BACKGROUND: Type 2 diabetes mellitus (T2DM) 
is a long-term illness that affects the patient's quality 
of life and requires substantial health care costs. 

Lifestyle related to physical exercise is one of the causes of 
the increasing prevalence of this disease. However, not all 
T2DM patients can perform physical exercise because very 
weak physical conditions such as elderly, spinal cord injury 
or diabetic secondary complications can be contraindicated 
when physical exercise performed. The aim of this study 
is to observe the used of electrical stimulation in T2DM 
patients.

METHODS: The provision of ES to lower extremity 
muscles was given for 30 minutes in the intervention group. 

Blood glucose samples were taken before and after the ES 
intervention. The data collected was statistically analyzed 
by using paired T-test and expressed in mean±standard  
error.

RESULTS: The ES intervention decrease blood 
glucose level significantly from 193.03±5.740 mg/dL to 
170.66±5.200 mg/dL (p≤0.001) in the last session.

CONCLUSION: The effect of ES in lower extremity is 
shown to be significantly lowers the blood glucose level in 
T2DM patients.
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Abstract

Introduction

Physical exercise is one of type 2 diabetes mellitus (T2DM) 
management care along with education, nutrition therapy 
and pharmacological intervention. The purpose of physical 
exercise  is  to  control  of  blood  glucose  level.  The  uptake  
of glucose in skeletal muscles through glucose trasporter 
type 4 (GLUT4) is increased when physical exercise 
performed.(1) Other benefits of physical exercise are to 
prevent obesity, reduce stress, normalize blood pressure and 
improve work ability.(2,3) The main source of energy during 
physical exercise is glucose and lipid. The requirement of 
glucose and lipid is increased to 15 times when physical 
exercise is performed and 35 times after 60 minutes.(4) 
In 2011, The Indonesian Society of Endocrinology stated 

that the frequency of physical exercise for management 
and preventation type 2 diabetes mellitus is 3-4 times a 
week, 30 minutes duration for each exercise.(5) Regular 
physical exercise will increase the transport of oxygen, 
the uptake and uses oxygen in muscles cells. In addition, 
physical exercise is also able to increase insulin sensitivity, 
glucose utilization, suppress hepatic insulin resistance and 
improve lipid metabolism.(6,7) The study of The Finnish 
Diabetes Prevention showed that the intervention group 
that did moderate intensity physical exercise for 30 minutes 
would reduce the risk of diabetes mellitus by 39%.(8) The 
sensitivity of insulin will decrease if the body doesn’t 
perform physical activities for at least 7 days, especially 
in the inactive skeletal muscle.(9,10) Therefore physical 
exercise is highly recommended for T2DM patients in an 
effort to control blood glucose. 
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 But not all T2DM patients are able to do physical 
exercise because of spinal cord injuries (SCI), arthritis, 
obesity, elderly or patients who must bed rest due to illness. 
Therefore, the alternative method is needed to replace the 
physical exercise. The purpose of this study is to investigate 
the performance of electrical stimulation (ES) as physical 
exercise to control blood glucose.
 ES has been widely used in clinical setting for 
improving muscle strength, increasing range of motion 
(ROM), reducing edema, decreasing atrophy, healing tissue 
and decreasing pain.(11) The study of ES to SCI patients 
shows the increasing of glucose transporter and insulin 
sensitivity.(12) The study conducted by Hamada shows that 
the provision of ES for 20 minutes is able to increase the 
whole uptake of blood glucose and lasts up to 90 minutes 
after the provision of ES.(13) 
 The parameter of ES device must have the same 
characteristic to signal from Central Nervous System. The 
parameter consists of frequency, duration and waveform. 
For clinical application the frequency of 20-50 Hz is widely 
used to achieve the optimal result.(14,15) In this study low 
intensity of exercise are implemented to lower extremities 
T2DM patients. The parameter of ES device is 20 Hz, 200 
µs and 50% duty cycle. 

Methods

This was a quasi-experimental study. Subjects were clinically 
diagnosed T2DM first stage patients without insulin 
therapy and complications. Twenty subjects were divided 
into experimental group and control group. The inclusion 
criteria were men and women ≥35 years old, random blood 
glucose 100 mg/dL≤ x ≤ 250 mg/dL,1-2 years duration of 
diabetes mellitus, BMI >25 kg/m2 and willing to sign the 
informed consent. Exclusion criteria were T2DM patients 
with hypertension, cardiovascular disease and pregnant 
women. This study was approved by Ethical Committee 
from Udayana University (No.383/UN.14.2/KEP/2016). 

Sample
To determine the amount of sample, the analytic comparative 
was used. The error in type I is 5% and 10% for error type 
II. The value of Zα and Zβ is 1.64 and 1.28, respectively. The 
different (x1-x2) is 23 mg/dL and standard deviation (SD) is 
24 mg/dL.  By using the equation below, it was calculated 
that the amount of sample required is 10.
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Experimental Protocol 
During the experiment, the subjects had breakfast at 
07.00 AM with 2 pieces of bread and a cup of tea (26 gr 
carbohydrate). The subjects come to laboratory at 8.30 
AM, and pre-treatment blood sample was taken. Before 
the treatment was conducted, subjects were asked to supine 
lying for 10 minutes. The surface electrode was placed in 
vastus and harmstring muscles for the intervention group. 
The number of surface electrode in each muscle was 4. The 
placement of surface electrode is shown in Figure 1.

A B

Figure 1. The placement of electrodes in vastus (A) and 
harmstring (B) muscle.

 At 09.00, the provision of ES was started for 30 
minutes. The control group subjects were asked to relaxed 
sitting for 30 minutes. The pre-treatment and post-treatment 
blood glucose samples were taken 30 minutes before 
and after the intervention.(16) The provision of ES is 30 
minutes, 3 times a week for 4 weeks. The parameter used in 
this study is 20 Hz, 200 µs and 50% duty cycle.

Statistical Analysis
The data obtained during experiment period was blood 
glucose  before  and  after  the  provision  of  ES.  The 
SigmaPlot12 (Systat Software, London, UK) was used. 
Paired T-test analysis was performed to investigate the 
performance of ES for blood glucose control. P-value 
<0.05 was considered as statistically significant. Data were 
expressed as mean±standard error (SE).

Result

The paired T-test analysis showed insignificant decrease 
in blood glucose values in the control group whereas the 
significant decrease blood glucose in experiment group. The 
result of pair T-test is shown in Table 1.
 Figure 2 shows that the baseline of blood glucose 
in first week decreased from 222.93±5.400 mg/dL to 
206.63±5.370 mg/dL (t=13.59 and p≤0.001). In second 
week, the blood glucose decreased from 212.83±5.33 mg/
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dL to 196.33±5.309 mg/dL (t=14.980 and p≤0.001). In the 
third week, the blood glucose decreased from 204.30±5.432 
mg/dL to 187.43±5.090 mg/dL (t=14.562 and p≤0.001). In 
the last session, blood glucose decreased from 193.03±5.740 
mg/dL to 170.66±5.200 mg/dL (t=11.595 and p≤0.001). 
This result showed that the effect of electrical stimulation to 
blood glucose decreased for whole experiment.

Pre-Exp Post-Exp Pre-Exp Post-Exp

I 205.00±6.254 202.73±6.275 222.93±5.400 206.63±5.370

II 202.73±6.033 199.10±6.101 212.83±5.330 196.33±5.309

III 209.50±6.141 206.67±6.040 204.30±5.432 187.93±5.159

IV 206.50±5.620 200.36±5.680 193.03±5.740 170.66±5.200

Week
Control Group Experiment Group

Table 1. The decrement of blood glucose level for control and 
experiment group.

240

220

160

140

120

100

200

180

240

220

160

140

120

100

200

180

240

220

160

140

120

100

200

180

240

220

120

100

200

180

160

140

A B

C D
Pre-Exp           Post-Exp Pre-Exp          Post-Exp

  Pre-Exp       Post-Exp Pre-Exp        Post-Exp

Figure 2. Blood glucose decreased after the ES provision. 
A: first week ES intervention; B: second week ES intervention; 
C: third week ES intervention; D: fourth week ES intervention. 
*significantly different to prior ES (p<0.001)

Discussion

T2DM is one of chronic diseases that require treatment and 
cost for long-life term. It affects the quality of life and a 

substantial increase in health cost, thus management control 
program is needed. One of control program for T2DM is 
physical exercise. The life style related to physical activity 
has an association with diabetes mellitus.(17) Apparently, 
not all T2DM patients are able to do physical exercise. 
Therefore, we developed the alternate method to replace 
physical exercise by using ES device.
 A low current delivered to lower extremities muscles 
through surface electrode to stimulate neuromuscular 
junction to generate muscle contraction. When muscles 
contracted, the sensitivity of insulin receptor will increase 
in the muscle and it causes the activation of receptor that   
deliver glucose into cell. Therefore the blood glucose will 
decreased. The accumulation of glycogen due to muscle 
contraction will reduce blood glucose.(18)
 Regular physical exercise can decrease the  hemoglobin 
A1c (HbA1c) significantly. According to The Indonesian 
Society of Endocrinology physical exercise should be 
done regularly for 3-5 times a week with low and moderate 
intensity for 30-60 minutes duration each exercise.(5)  
Therefore the provision of ES in this study is 30 minutes, 
3 times a week for 4 week. Subject’s comfort factor is a 
main consideration for ES device design. The parameters 
that determine the comfort of subject during underwent ES 
is the frequency and current.(19,20) In this study we use 
20 Hz frequency of signal impulse because it widely used 
for clinical application to produce slow muscle contraction 
without pain.(12) Eleven of 18 subjects complained of pain 
when given neuromuscular ES (NMES) for a week using a 
frequency of 35 Hz.(21) Bhadra uses a frequency of 16 Hz 
to produce slow contraction at low power levels to prevent 
discomfort subject and fatique during the provision ES.(22) 
In this study the subject response from the first week to the 
fourth week is always recorded. There are no complaint of 
pain from 10 subjects of intervention group from first to last 
session during the provision of ES.
 The random blood glucose sample before the 
provision ES was taken. According to inclusion criteria, the 
random blood glucose allowed to underwent ES is 100 mg/
dL≤ x ≤250 mg/dL. Physical exercise that applied to T2DM 
with blood glucose level higher than 250 mg/dL will disturb 
the uptake of blood glucose in muscle because of the lipid 
breaking. It is dangerous for body and cold causes coma-
ketoasidosis.(4) T2DM patients with blood glucose level 
higher than 300 mg/dL were suggested to delay the physical 
exercise until it reached the controlled level.(4) Meanwhile, 
T2DM patients with blood glucose level lower than 100 mg/
dL have minimum risk to hypoglycemia after doing low to 
moderate intensity physical exercise.(4)
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 The aim of diabetes mellitus control program is to 
increase the quality of life, metabolism control and to 
prevent the complication of diabetes mellitus. Physical 
exercise with moderate intensity for 150 minutes a week 
prevent people to diabetes mellitus about 58% compare 
to people with methformin therapy.(23) Physical exercise 
plays a role in  preventing the diabetes mellitus complication 
and to maintain the quality of life. Therefore the ES can be 
proposed for T2DM patients who can not perform physical 
exercise.

Conclussion

The result of this study shows that the effect of ES in lower 
extremity is significant in lowering the blood glucose level 
in T2DM patients. This alternative method is suggested for 
T2DM with arthritic, SCI and very old patients. 
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