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Abstract---The aim is to critically review the relevant evidence on the 
interrelationships between electrical muscle stimulation and 

metabolic outcomes. From this review appear that the effects of 

electrical muscle stimulation resulted in reductions in HbA1c, and 

other outcome measures of diabetes mellitus type 2. Considering the 

available evidence, it appears that electrical muscle stimulation could 
be an effective intervention to help glycemic control, especially 

considering that the effects of this form of intervention are comparable 

with what reported with physical exercise. Less studies have 

investigated regarding electrical muscle stimulation (its duration, type 

of current, form of impulses, sites to be stimulated etc) offers a 

synergistic and incremental effect on glycemic control; however, from 
the available evidences appear that electrical muscle stimulation 

seems to determine additional change in HbA1c that can be seen 

significant if compared with other forms of blood sugar control 

methods. 

 
Keywords---electrical muscle stimulation, type-2 diabetes, glycemic 

control, HbA1c. 

 

 

Introduction  

 
Diabetes mellitus (DM) is the most common non-communicable disease worldwide 

https://doi.org/10.53730/ijhs.v6nS3.7120
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and the fourth to fifth leading cause of death in developed countries (Amos et al, 

1987). Diabetes mellitus is  a metabolic disorder of multiple etiologies 

characterized by chronic hyperglycemia with disturbances of carbohydrate, fat 

and protein metabolism resulting from defects in insulin secretion, insulin action, 

or both (Aring et al, 2005). A chronic lack of physical activity is associated with 
reduced peripheral glucose uptake due to insulin resistance (Lipman et al, 1970). 

Physical Exercise can directly activate glucose uptake in skeletal muscle by 

inducing translocation of GLUT-4 glucose transporter to the cell surface via an 

independent mechanism called contraction stimulated glucose transport 

(Kennedy et al, 1999). It is proved from various studies that the use of electrical 

stimulation (ES) causes contraction of muscles, as well as activate glucose uptake 
in skeletal muscle in strikingly similar way as that of physical exercises 

(Greemhaff et al, 1993; Kjar et al, 1996). It has been recommended that, for the 

greatest improvement in glycemic control and insulin sensitivity, exercise 

intensity needs to be set at 50–80% of maximal aerobic capacity in Type 2 

diabetes (ACSM and ADA, 1997), which supports the results drawn by McArdle et 
al, (2001) who found the long term adaptations of skeletal muscles to chronic 

electrical stimulation, very similar to that of low intensity aerobic training. 

Clinically, ES of muscle is useful as a modality of assisting muscle contraction for 

those who have difficulties in performing voluntary exercise (Lake, 1992). 0 

 

Methods 
 

We searched the English-language medical literature published, using the 

Medline database of the National Library of Medicine, Cochrane online library, the 

Educational Resources Information, Center database (ERIC), and the Nursing and 

Allied Health database (Cinahl). The medical subject headings (MeSH). Our 
searched were “Electrical stimulation” combined with “type 2 diabetes mellitus,” 

including all subheadings. We reviewed titles of articles extracted by the search 

for relevance to the efficacy of ES, and we retrieved the full-text articles for those 

that were potentially relevant. We manually searched journals related to ES and 

diabetes mellitus, expected to have the highest relevance in the main library of 

Punjabi University Patiala. The computer based search strategy included common 
text words and medical subjects headings related to electrical muscle stimulation 

and diabetes mellitus type 2. 

 

Study selection 

 
We included the research articles that evaluate the effect of electrical muscle 

stimulation in patients with type 2 diabetes. Appropriate screened titles and 

abstracts were selected. We included studies irrespective of duration, publication 

status, or predefined outcomes. Electrical stimulation has not benefited from as 

in-depth studies as physical exercises and has been recognized as a useful 

electrical modality for the reeducation of a paralyzed muscles, in gaining 
muscular strength as well as in the improvement of insulin action on tissue, 

leading favorably on control and treatment of type 2 diabetes. The early studies 

offering preliminary evidence for the benefits of ES with type 2 diabetic patients 

were published around 12 years ago. 
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Effect of EMS on various outcome measures of type 2 DM 

 

Hamada et al (2003) reported that low- frequency electrical stimulation (ES) of 

quadriceps muscles alone significantly enhanced glucose disposal rate (GDR) 
during euglycemic clamp. 20 minute of stimulation by low-frequency surface 

Electrical stimulation of quadriceps femoris muscles in this study acutely 

increased the whole body glucose uptake. In response to ES the stimulatory effect 

of ES on whole body glucose uptake persisted not only during, but also for at 

least 90 min after cessation of stimulation stimulation. They suggested that low-

frequency ES may become a useful therapeutic approach to activate energy 
and glucose metabolism in humans. In the subsequent study they compared the 

acute metabolic effects of ES to lower extremities with voluntary cycle exercise at 

identical intensity (Hamada, 2004) and observed that whole body glucose uptake 

demonstrated a significant increase during and after the cessation of ES for at 

least 90 min. The post-ES effect was significantly greater than that of the post-VE 
period. These results on healthy adult suggested that ES can substantially 

enhance energy consumption, carbohydrate oxidation, and whole 

body glucose uptake at low intensity of exercise and percutaneous ES may 

become a therapeutic utility to enhance glucose metabolism in humans. 

 

Poole et al (2005) examined whether use of an electrical muscle stimulator 
mimics exercise in neurologically intact individuals and has metabolic benefits in 

patients with type 2 diabetes. Acute changes in glucose uptake were measured in 

five subjects with type 2 diabetes. Body composition, features of the metabolic 

syndrome and measures of insulin sensitivity were measured before and after 12 

weeks of daily use of the stimulator in four subjects with type 2 diabetes. They 
reported that even though the muscle stimulator acutely increased pulse, blood 

pressure, energy expenditure and glucose uptake and improved insulin 

stimulated non-esterified fatty acid suppression, the magnitude of these changes 

was too small to produce clinical benefit. They concluded that electrical muscle 

stimulation has limited clinical benefits in patients with type II DM. 

 
Griffin et al (2009) conducted an analysis of metabolic, body composition, and 

neurological factors before and after 10 weeks of functional electrical 

stimulation (FES) cycling in persons with SCI as they are at a heightened risk of 

developing type II diabetes and cardiovascular disease. Eighteen individuals with 

SCI received FES cycling 2-3 times per week for 10 weeks. An oral glucose 
tolerance (OGTT) and insulin-response test was performed to assess blood glucose 

control. They observed that after 10 weeks of training Blood glucose and insulin 

levels were lower following the OGT and the lean muscle mass increased.  

 

Sharma et al (2010) analyze the effect of electrical stimulation (40 minutes per 

day, 3 days /week for 2 weeks) on blood glucose level, lipid profile and other 
physiological parameters of sedentary type 2 diabetic patients. They also found 

that the ES has significant results on blood glucose control and on these findings 

they concluded that electrical stimulation can be used as a helpful modality to 

control the blood glucose level in sedentary type 2 diabetic patients. They also 

concluded that the intensity of muscle contraction with the application of 
electrical stimulation was not critical enough to produce significant changes in 

lipid profile and other physiological parameters.  
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Kawaguchi et al (2011) investigated the effects of hybrid training utilizing 

combined voluntary and electrical muscle contractions, on glucose metabolism 

and serum IL-6 levels on 7 elderly subjects.  Both quadriceps and hamstrings 

were contracted voluntarily or electrically at the same time for 19 min twice a 

week. The effects on glucose metabolism and serum IL-6 levels were evaluated 
after 12 weeks of hybrid training. All of the subjects completed the study, and no 

severe adverse events developed during the study period. They reported that 

fasting blood glucose levels and serum IL-6 levels were significantly decreased 

after hybrid training though no significant differences in body mass index, serum 

insulin levels, homeostasis model assessment for insulin resistance values, or 

hemoglobin A1c values were observed after 12 weeks of hybrid training. 
 

Crowe and Caulfield (2012) conducted a pilot study on the effect of 

unsupervised aerobic neuromuscular electrical stimulation (biphasic, symmetrical 

with an interphase delay of 100 ms) over 8 type II DM subjects and determined 

that stimulating the quadriceps, hamstrings, gluteus, and calf muscles by using 
large hydrogel electrodes for 45 minutes to 1 hour for 8 weeks may have a 

beneficial effect on hemoglobin A1c with those who will not or cannot do adequate 

amounts of voluntary exercises. They found Haemoglobin A1c levels improved by 

0.8±0.7% from 7.4±1.3% (mean ± SD) to 6.66±1.0% (p=0.01). 

 

Wall et al (2012) investigates the capacity of neuromuscular 
electrical stimulation (NMES) to increase in vivo skeletal muscle protein synthesis 

rates in a sample of six elderly type 2 diabetic men (70 ± 2 yr). Type 

2 diabetes patients subjected to 60 min of one-legged NMES and showed that 

NMES directly stimulates skeletal muscle protein synthesis rates in humans. 

They opined that NMES may represent an effective interventional strategy to 
attenuate muscle loss in elderly individuals during bed rest and /or in other 

disuse states. 

 

Miyamoto et al (2012) evaluated whether percutaneous 

electrical muscle stimulation (EMS) attenuates postprandial hyperglycemia in 

type 2 diabetes. Eleven patients with type 2 diabetes participated in two 
experimental sessions; one was a 30-min EMS after a breakfast (EMS trial) and 

the other was a complete rest after a breakfast (Control trial). In each trial, blood 

was sampled before and at 30, 60, 90, and 120 min after the meal. They reported 

that postprandial glucose level was significantly attenuated in EMS trial at 60, 90, 

and 120 min after a meal (p<0.05). 
 

Khan (2012) found incidentally that the transcutaneous electrical stimulation 

(TENS) has an effect on blood glucose. He applied TENS once in every 24 hours on 

the back and the buttocks of an 80 years old patient, to make patient get rid of 

pain. As the pain symptoms got improved the frequency of TENS was increased to 

thrice in every 24 hours which results in hypoglycemia (blood sugar level < 4 
mmol/L). Discontinuation of TENS resulted in raised blood sugar level. When 

TENS was restarted, the same hypoglycaemic response was noted. The insulin 

dosage was adjusted to half of the patient's routine daily requirement with 

continued application of TENS. He concluded that the episodes of hypoglycemia 

persists following TENS application, which may be due to effective pain control, 
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decreased sympathetic stimulation, enhanced insulin sensitivity or altered muscle 

metabolism due to electrical stimulation. 

 

Summary and Conclusions 
 

Role of ES in contracting the skeletal muscles in similar way as that of voluntary 

muscle contraction highlighted the role of ES in the control of blood glucose in 

patients with type 2 diabetes. The studies included in the review have focused on 

people with impaired glucose tolerance because they are high risk of developing 

type 2 diabetes. Electrical stimulation has been shown to be beneficial with type 2 
diabetic patients in a number of studies. The available evidences are tabulated 

and presented in table 1. Considering the available evidence, it appears that ES 

could be an effective intervention to help glycemic control. However, from this 

review, it is clear that no known RCT, review, meta-analysis have been conducted 

to address the efficacy of ES over the long term on a large group of patients with 
type 2 diabetes, since the longest study duration was 6 months. Moreover, no 

research has yet been undertaken on the efficacy of a Russian current which is 

most commonly used in weight loss managements in different centers, in order to 

see the effect on metabolic outcomes in type 2 DM. 

 

Table 1 
Summary of the significant studies 

 
S.n
o. 

Author/ye
ar 

Objectives / Aims Sample Outcome 
measures 

Intervention Results Conclusion 

1. 1. Hamada 
et al. / 
2003 

To examine 
whether 
involuntary muscle 

contraction 
induced 
by percutaneous 
muscle stimulation 
causes 
acute enhancement 
of glucose uptake 
in human subjects 

14 male 
subjects 
without 

any 
metabolic, 
cardio 
vascular or 
neuromusc
ular 
disorders 

blood plasma 
glucose 
monitoring,  

Respiratory 
gas 
measurement 

Low-frequency 
ES through 
surface 

electrodes 
placed over 
motor points of 
both quadriceps 
Femoris muscles 
for 20 minutes 
in supine 
position. 
Subjects were 
required a 
maximum of 
four visits to the 
laboratory. 

separated by at 
least 1 wk. 

Mean 
oxygen 
uptake 

during ES 
was 
significan
tly 
higher 
than that 
of the pre 
stimulatio
n period 
(3.2 ± 0.1 
vs. 5.7 ± 
0.1 
ml/kg/ 

min, P < 
0.01) The 
respirator
y gas 
exchange 
ratio and 
blood 
lactate 
concentra
tion 
gradually 
decreased 

The 
stimulatory 
effect of ES 

on whole 
body 
glucose 
uptake 
persisted 
not only 
during, but 
also after, 
stimulation. 
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toward 

the end of 
ES.  
The mean 
increase 
in GDR 
above 
prestimul
ation was 
2.5 
mg/kg/m
in during 
stimulatio
n (P 
<0.01) 

2. 2. Hamada 
et al. / 
2004 

To examine the 
acute metabolic 
effects of ES to 
lower extremities 
compared with 
voluntary cycle 

exercise (VE) at 
identical intensity 

8 men with 
age  24.8 ± 
0.6 year 

Respiratory 
gas 
measurement
,  Glucose 
uptake 
measurement 

(1) In the supine 
position, both 
lower leg 
(tibialis anterior 
and triceps 
surae) and thigh 

(quadriceps and 
hamstrings) 
muscles were 
sequentially 
stimulated for 
20 minutes. 
(2) Voluntary 
supine exercise 
for 20 min using 
a cycle ergo 
meter. 

The blood 
lactate 
concentra
tion 3.2 ± 
0.3 
mmol/l (P 

<0.01), 
whole 
body 
carbohydr
ate 
oxidation 
(P< 0.01), 
Whole 
body 
glucose 
uptake (P 
<0.01) 
were 
significan
tly 
increased 
post 
experime
nt in 
electrical 
stimulatio

n group 

than the 
group 
with 
voluntary 
exercise.  

ES can 
substantiall
y enhance 
energy 
consumptio
n, 

carbohydrat
e oxidation, 
and whole 
body 
glucose 
uptake at 
low 
intensity of 
exercise. 
Percutaneo
us ES may 
become a 
therapeutic 
utility to 
enhance 
glucose 
metabolism 
in humans. 

3. 3. Poole et al 
/ 2005 

To determine 
whether use of an 
electrical muscle 
stimulator mimics 
exercise in 
neurologically 
intact individuals 

Eight 
patients, 
age 46–61, 
with type 2 
Diabetes. 
 

Waist 
circumferenc
e  
Weight  
Body mass 
index,  
% body fat,  

Quadriceps and 
abdominal 
muscles 
stimulated for 8 
sec alternately.  
A current of 
30mA was used 

The 
muscle 
stimulato
r acutely 
increased 
pulse, 
blood 

Although 
the muscle 
stimulator 
acutely 
mimics 
exercise, 
limitations 
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and has metabolic 
benefits in patients 
with type 2 
diabetes. 

Total 
cholesterol,  
High-density, 
lipoprotein, 
cholesterol,  

Triglycerides, 
Fasting, 
glucose,  
Fasting 
insulin,  
Haemoglobin 
A1c,  
blood 
pressure,  

Calculated 10 
years cardiac 
risk,  
OGTT, 
Hyperinsulin
aemic clamp. 
 

for 30 min and 
then increased 
to 40mA for a 
further 30 min. 
for 12 weeks 

pressure, 
energy 
expenditu
re and 
glucose 

uptake. 
Daily use 
over 12 
weeks 
improved 
insulin 
stimulate
d 
nonesterif

ied fatty 
acid 
suppressi
on but 
did not 
result in 
changes 
in body 
compositi
on or 
clinical 
parameter
s. 

in the size 
of the 
stimulating 
current 
mean that 

the 
magnitude 
of these 
changes is 
too small to 
produce 
clinical 
benefit. 

4. 4. Griffin et 

al. / 2009 

To conduct a 

comprehensive 
analysis of 
metabolic, body 
composition, and 
neurological 
profiles before and 
after 10 weeks of 
FES 
cycling in 
individuals with 
paralysis from SCI. 

Eighteen 

individuals 
with SCI 

Body 

composition, 
ASIA 
neurological 
classification 
of SCI,  oral 
glucose 
tolerance and 
insulin 
response test, 
plasma 
cholesterol 
(total-C, 
HDLC, 
LDL-C), 
triglyceride, 

and 
inflammatory 
markers (IL-
6, TNF-a, and 
CRP). 

FES  cycling 

over  
quadriceps, 
gluteal and 
hamstring 
muscles for 2–3 
times per week 
for 
10 weeks. 

Total FES 

cycling 
power, 
work 
done, 
Lean 
muscle 
mass 
increased, 
whereas, 
bone and 
adipose 
mass did 
not 
change. 
The ASIA 

motor and 
sensory 
scores for 
the lower 
extremity 
significan
tly 
increased 
with 
training. 
Blood 
glucose 

Significant 

improvemen
ts in blood 
glucose 
control and 
inflammator
y markers 
occurred 
with an 
increase in 
lean muscle 
mass and 
motor and 
sensory 
ability. 
It is 

expected 
that 
continuous 
use would 
be required 
to maintain 
the 
observed 
health 
benefits 
across the 
life span. 
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and 

insulin 
levels 
were 
lower 
following 
the OGTT, 
levels of 
IL-6, TNF-
a, and 
CRP were 
all 
significan
tly 

reduced. 

5. 5. Sharma, 
et al. / 
2010 

To analyze the 
effect of electrical 
muscle stimulation 
on blood glucose 
level, lipid profile, 
and physiological 
parameters (HR, 
BP, RR) of 

sedentary type 2 
individuals. 

10 patients 
in each 
experiment
al and 
control 
group of 
age >55 
years 

Blood glucose 
level, Lipid 
profile, BP, 
RR, HR. 

Electrical 
stimulation over 
both quadriceps 
femoris muscle 
for 20 minutes 
each, 3 days / 
week for 2 
weeks. 

Blood 
glucose 
level in 
experime
ntal 
group was 
reduced 
significan

tly 
(t=5.026, 
p=0.001) 

Electrical 
muscle 
stimulator 
can be used 
to assist in 
the control 
of blood 
glucose 

level in type 
2 diabetic 
patients. 

6. 6. Crowe & 
Caulfield / 
2010 

(1) if NMES was an 
acceptable training 
modality for 
men with type 2 
diabetes mellitus 
and (2) to assess 
effects on 
haemoglobin A1c 
levels 

8 men with 
type 2 DM 
of age 53±8 
years 

Primary 
outcome 
measures 
were changes 
in 
haemoglobin 
A1c and the 
responses in 
a 
questionnaire 
on 
participants’ 
perceptions 
of the 
system. Body 
mass and 
composition 

were also 
measured 
before and 

after the 
NMES 
intervention 
period. 

NMES system 
for 1 h, 6 times 
weekly for 8 
weeks, 
unsupervised, at 
home over the 
bilateral 
quadriceps, 
gluteal, 
hamstring and 
calves 

Haemoglo
bin 
A1c levels 
improved 
by 
0.8±0.7% 
from 
7.4±1.3% 
(Mean ± 
SD) to 
6.6±1.0% 
(p ̳̳̳̳̳̳̳̳̳=0.01). 
All 
participan
ts 
recomme
nd it and 

would 
continue 
to use it 

twice a 
week ‘to 
maintain 
improvem
ents. 

NMES may 
be 
acceptable 
and have a 
beneficial 
effect on 
haemoglobi
n A1c. 

7. 7. Kawaguch
i et al / 
2011 

Investigate the 
effects of hybrid 
training on glucose 
metabolism and 

7 elderly 
subjects 

body mass 
index, serum 
insulin 
levels, 

Both quadriceps 
and hamstrings 
were contracted 
voluntarily or 

fasting 
blood 
glucose 
levels 

Hybrid 
training 
decreased 
fasting 
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serum IL-6 
levels in elderly 
people 

homeostasis 
model 
assessment 
for insulin 
resistance 

values, or 
hemoglobin 
A1c values,  
fasting blood 
glucose level 

electrically at 
the same time 
for 19 min twice 
a week for 12 
weeks. 

were 
significan
tly 
decreased 
(114 ± 13 

vs. 103 ± 
9 mg·dL(-
1); p  
= 0.0340) 
serum IL-
6 levels 
was 
statisticall
y 

significan
t (44.0 ± 
35.6 vs. 
14.6 ± 
10.5 
pg·mL(-1); 
p = 
0.0180), 
and 
significan
t 
Correlatio
n found 
between 
serum IL-
6 levels 
and 
fasting 

blood 
glucose 
levels (ρ = 
0.883; p = 
0.0306) 

blood 
glucose and 
serum IL-6 
levels in 
elderly 

people. 

8. 7. Miyamoto 
et al. / 
2012 

To examine 
whether 
percutaneous 
electrical muscle 
stimulation (EMS) 
attenuates 

postprandial 
hyperglycemia in 
type 2 diabetes. 

Eleven 
patients 
with type 2 
diabetes, 
age 57.0 ± 
2.7 years. 

blood lactate 
concentration
, 
HbA1c, Total 
cholesterol, 
HDL-

cholesterol, 
LDL-
cholesterol, 
triglyceride, 
glucose, 
insulin, C-
peptide, non-
esterified 
fatty acids 
(NEFA), 
and Creatine 
phosphokina

Each subject 
participated in 
30-min EMS 
after breakfast 
(EMS trial) and 
the other 

involved a 
complete rest 
after breakfast 
(Control trial), 
electrodes 
applied over 
quadriceps, 
biceps femoris, 
and 
gluteus 
maximus 
muscles with a 

Postprand
ial 
glucose 
level was 
significan
tly 

attenuate
d in EMS 
trial at 
60, 90, 
and 
120 min 
after a 
meal (p < 
0.05). The 
C-peptide 
concentra
tion was 

The present 
results 
provide first 
evidence 
indicating 
that EMS is 

a new 
exercise 
method for 
treating 
postprandia
l 
hyperglyce
mia in 
individuals 
with type 2 
diabetes, 
especially 
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se (CPK) 

concentration
s 

gap of 1 wk 

between the 
consecutive 
sessions. 

also 

significan
tly 
lowered 
in EMS 
trial (p < 
0.01) 

who cannot 

perform 
adequate 
voluntary 
exercise 
because of 
excessive 
obesity, 
orthopedic 
diseases, or 
severe 
diabetic 
complicatio
ns. 

9. 8. Wall et al. 
/ 2012 

To investigates the 
capacity of 
neuromuscular 
electrical 
stimulation 
(NMES) to increase 
in vivo skeletal 
muscle protein 
synthesis rates in 

older type 2 
diabetes patients. 

Six elderly 
type 2 
diabetic 
men of age 
70±2 years 
divided into 
2 
groups:STI
M & CON. 

Blood plasma 
level, muscle 
biopsy. 

60 min of one-
legged NMES 
over the 
quadriceps 
muscle of one 
side. 

blood 
glucose 
concentra
tions 
decreased 
significan
tly 
througho
ut the 

experime
nt to 6.6 ± 
0.5 
mmol/l 
(P <0.01). 
The 
overall 
increase 
in muscle 
protein-
bound  
phenylala
nine 
enrichme
nt over 
the 4 
hours 
poststimu
lation 
period 

was 30% 
greater in 
the STIM 
compared 
with the 

CON leg 
(P <0.01).  
Muscle 
protein 
synthesis 
rates were 
greater in 

NMES likely 
represents 
an effective 
intervention
al strategy 
to attenuate 
muscle loss 
in elderly 
individuals 

during bed 
rest and/or 
in other 
disuse 
states. 
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the STIM 
compared 
with the 
CON leg 
during 

recovery 
from 
NMES 
(0.057 
±0.008 vs. 
0.045± 
0.008%/h
, 
respective

ly, P < 
0.01) 

 

References 

 

ACSM and ADA (1997). (American College of Sports Medicine and American 
Diabetes Association). Diabetes mellitus and exercise. Med Sci Sports Exerc 29: 

i–vi.  

Amos, A., McCarty, D., Zimmet, P. (1987). The rising global burden of diabetes 
and its complications: estimates and projections to the year 2010. Diabetic 
Med; 14: S1–S85.  

Aring, A.M., Jones, D.E., James, M., Falko. (2005). Evaluation and Prevention of 
Diabetic Neuropathy Am Fam Physician; 71: 2123-2128.  

Crowe, L., Caulfield, B. (2012). Aerobic neuromuscular electrical stimulation -an 

emerging technology to improve hemoglobin A1c in type 2 diabetes mellitus: 
results of a pilot study. BMJ Open; 2:e000219.  

Greemhaff, P.L., Soderlund, K., Ren, J.M., and Hultman, E. (1993). Energy 

metabolism in single human muscle fibers during intermittent contraction with 
occluded circulation. J Physiol; 460: 443–453.  

Griffin, L., Decker, M.J., Hwang, J.Y., Wang, B., Kitchen, K.., Ding, Z., Ivy, J.L. 
(2009). Functional electrical stimulation cycling improves body composition, 
metabolic and neural factors in persons with spinal cord injury. Journal of 
Electromyography and Kinesiology; 19: 614-622. 

Hamada, T., Sasaki, H., Hayashi, T., Moritani, T., Nakao, K. (2003). Enhancement 

of whole body glucose uptake during and after human skeletal muscle low-
frequency electrical stimulation. J Appl Physiol; Jun 94(6):2107-12. 

Hamada, T., Hayashi, T., Kimura, T., Nakao, K., Moritani, T. (2004). 
Electrical stimulation of human lower extremities enhances energy 
consumption, carbohydrate oxidation, and whole body glucose uptake. J Appl 
Physiol; 96(3):911-6. 

Kawaguchi, T., Shiba, N., Takano, Y., Maeda, T., Sata, M. (2011). Hybrid training 

of voluntary and electrical muscle contractions decreased fasting blood glucose 
and serum interleukin-6 levels in elderly people: a pilot study. Appl Physiol 
Nutr Metab; 36(2):276-83. 

Kennedy, J.W., Hirshman, M.F., Gervino, E.V., Ocel, J.V., Forse, R.A., Hoenig, 

S.J., Aronson, D., Goodyear, L.J., Horton, E.S. (1999). Acute exercise induces 

GLUT4 translocation in skeletal muscle of normal human subjects with type2 



         5608 

diabetes. Diabetes; 48:1192–1197.  

Khan MU (2012). Is there a role for TENS application in the control of diabetes 
mellitus in insulin-dependent patients: A case study. Singapore Med J; 

53(11):e249-50. 

Kjaer, M., Pollack, S.F., Mohr, T., Weiss, H., Gleim, G.W., Bach, F.W., Nicolaisen, 

T., Galbo, H., and Ragnarsson, K.T. (1996). Regulation of glucose turnover and 
hormonal responses during electrical cycling in tetraplegic humans. Am J 
Physiol Regul Integr Comp Physiol; 271: R191–R199.  

Lake, D.A. (1992).Neuromuscular electrical stimulation. An overview and its 
application in the treatment of sports injuries. Sports Med; 13: 320–336 

Lipman, R.L., Schunre, J.J., Bradley, E.M., and Lecocq, F.R. (1970). Impairment 
of peripheral glucose utilization in normal subjects by prolonged bed rest. J 
Lab Clin Med; 76: 221–230.  

Mcardle, W.O., Katch, F.I., Katch, V.L. (2001). Exercise Physiology, Lippinctt, 
Williams and Wilkins, New York 5th edition. Training for aerobic and anaerobic 
power; 356-422. 

Miyamoto, T., Fukuda, K., Kimura, T., Matsubara, Y., Tsuda, K., Moritani. (2012). 

Effect of percutaneous electrical muscle stimulation on postprandial 
hyperglycemia in type 2 diabetes. Diabetes Res Clin Pract; 96(3):306-12. 

Poole, R.B., Harrold, C.P., Burridge, J.H., Byrne, C.D., Holt, R.I. (2005). Electrical 

muscle stimulation acutely mimics exercise in neurologically intact individuals 
but has limited clinical benefits in patients with type 2 diabetes. Diabetes Obes 
Metab; 7:344–51. 

Sharma, D., Shenoy, S., Singh, J. (2010). The effect of electrical stimulation on 

blood glucose and lipid profile of sedentary type 2 diabetic patients. 
International Journal of Diabetes in Developing Countries; 30(4): 194-200. 

Wall, B.T., Dirks, M.L., Verdijk, L.B., Snijders, T., Hansen, D., Vranckx, P., Burd, 
N.A., Dendale, P., VanLoon, L.J. (2012). Muscular electrical stimulation 
increases muscle protein synthesis in elderly type 2 diabetic men. Am J Physiol 
Endocrinol Metab; 1;303(5):E614-23.  


