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Abstract. [Purpose] This double-blind study was conducted to examine the effect of electric stimulation through
micro-currents on body composition and blood lipid concentrations of overweight females after walking exercise.
[Subjects] Overweight females in their 20s were randomly allocated to either an experimental group or a control group.
Participants in the experimental group were given shoes generating micro-currents, while the control group wore shoes
which did not generate micro-currents but were identical in appearance. [Methods] Both groups walked on a treadmill
at a comfortable pace for 50 min/day, 5 days/week for 4 weeks, and each participant’s body weight, body composition,
and blood lipids were examined at baseline and after 4 weeks. [Results] The results show that body weight and the
waist-to hip ratio decreased significantly in the experimental group, but no significant differences were seen in blood
tests. [Conclusion] Based on the results of this study, we think that, along with regular walking exercise, electric
stimulation through micro-currents positively affected the reduction of body weight and body composition of

overweight females, helped to maintain the improvement of their health, and facilitated a better quality of life.
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INTRODUCTION

Among the health problems of modern society, obesity is
a major concern. Obesity not only induces physical and
mental stress, but also deteriorates the quality of human life
due to its associations with various diseases, including
hypertension, diabetes, hyperlipidemia, cardiovascular
diseases and metabolic disorders), as well as creating a
huge economic burden as a consequence. In many studies,
obesity is identified as the worst chronic and progressive
disease. Not only in Western society but also in South
Korea, the number of obese men and women has rapidly
increased at the rate of 1.3% per year from 1998 to 20012,
Obesity is becoming a dangerous problem that increases
health risk factors. In particular, abdominal obesity is a
leading cause of type II diabetes. The incidence of
abdominal obesity in Koreans is 24.4% and 23.8% in males
and females, respectively®. In addition, physical inactivity
as a result of obesity limits activity in day-to-day life,
thereby reducing quality of life?.

The cause of decreased motor ability in obese persons is
known to be a composite process, including a decrease in

fatty acid utilization by the skeletal muscles due to reduced
activity of carnitine palmitoyltransferase-1 (CPT1), the
transmitter of fatty acid into mitochondriae. In addition, the
reduced activity of mitochondrial oxidative enzymes,
related to adenosine triphosphate (ATP) formation, and
reduced binding of blood-circulated catecholaminergic
hormones to receptors at fat-cell membrane receptors, due
to decreases in blood flow to adipose tissues, consequently
reduce the formation and use of the energy sources
necessary for exercise>9).

Since body weight control involves composite processes,
appropriate treatments for individual patients with obesity
also require diverse composite processes such as behavioral
patterns, diet, drugs, and surgical treatments”.

To date, micro-currents have been successfully used to
treat soft tissues and nonunion of fractures®'". Micro-
currents have also been widely used as, and compared to,
general electric treatments including percutaneous electric
nerve stimulations or faradizations which treat diseases in
milliampere (mA) doses. Micro-currents treat diseases in
microampere (1A) doses. Since they are both similar to bio-
currents, they have been effective at wound healing and in
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many studies. It has been reported that low electric
stimulation is a promising approach to angiogenesis
treatment!?!% and that electric fields promote the secretion
of growth factors'?. In addition, micro-currents have been
found to promote the switch of skin fibroblasts and U937
cells into growth factor-f1 (TGF-41), an important
regulator of inflammation and tissue regeneration!®. Other
studies have reported that while 1000 #A or higher currents
decrease ATP production, micro-currents ranging from 10 zA
to 500 uA increase ATP accumulation in tissues and
stimulate amino acid transportation and protein binding in
the skin tissues of mice!®. In addition, recently, it was
reported that ultra-low micro-currents has clear therapeutic
effects on diabetes, hypertension, and wound healing!D.

Based on this empirical evidence, this study investigated
the effects of micro-currents on body weight, body
composition, and blood lipid content of obese persons to
seek ways to control weight and improve the health of the
obese.

SUBJECTS AND METHODS

Pursuant to the criteria of the American College of Sports
Medicine (ACSM), 22 overweight females in their 20s with
26% or higher body fat ratio were selected for participation
in the study after providing sufficient explanation about the
experiment; receipt of informed consent; satisfactory
completion of a health evaluation in which no
cardiovascular diseases or metabolic disorders including
diabetes, thyroid diseases, and neurological disorders were
present; and being found to have had no participation in any
form of diet therapy or exercise program during the 6
months before the commencement of the study.

The subjects in this double-blind study were randomly
assigned to either an experimental group (n=10) or a control
group (n=10). The general characteristics of the 20 subjects
(except for 2 subjects who could not continue the exercise
while the study was in progress), are given in Table 1.

The study procedure was explained to the participants,
who then signed consent forms. In order to examine the
effect of micro-current stimulation during walking exercise
on body composition and blood lipid concentration, obesity
degree tests and blood tests were conducted twice, at
baseline and after 4 weeks. Using a body fat measuring
device (Inbody 330, Biospace, Korea), participants’ levels
of obesity and body composition were checked. To examine
changes in blood lipid content, blood was collected when
the subjects had maintained fasting for at least 12 hours.
Blood was drawn from the subjects’ brachial veins using
vacutainer tubes suitable for the purpose, and 22-gauge
needles. The collected blood was then analyzed using an
automatic blood analyzer (ADVIA 1200, Siemens, Japan).

After the tests, the subjects were randomly assigned to
either the experimental group or the control group. Sneakers
were fitted with a device that generates micro-currents and
given to the experimental group subjects, while identical
sneakers without the devices for generating micro-currents
were given to the control group subjects. Both groups were
instructed to walk on a treadmill wearing the sneakers for 50

Table 1. General characteristics of subjects

EG CG
Height (cm) 160.3 £4.3 1604+7.4
Year (yr) 24.0 £3.7 22.0+2.5
Weight (kg) 63.1 £9.1 59.9+£10.0
Percent Body fat (%) 344 +£6.6 33.1+3.3
Waist-Hip Ratio (%) 0.87 +£0.08 0.84+0.03

Values are M £ SD. EG: Exercise with microcurrent shoes. CG:
Exercise only.

minutes a day, 5 times a week, for 4 weeks at comfortable
speeds. The micro-currents applied to the experimental
group’s sneakers were 0.3/1 second 60 uA -80 uA static
pulse micro-currents.

Data on the results of the study were statistically
processed using SPSS® version 12.0 software (SPSS®Inc.,
an IBM Company, Chicago, USA) and the degrees of
significance of differences in mean values of the
measurement items between and within the groups were
checked using Student’s t-test. A significance level (o) of
0.05 was used for the statistical analysis.

RESULTS

Blood lipid concentrations of the subjects at baseline and
at the end of week 4 were observed as follows. Total
cholesterol (TC) values in the experimental group were
182.70 +27.47 mg/dl at baseline and 182.90 + 25.79 mg/dl
at the end of week 4. TC values in the control group were
190.80 £ 17.08 mg/dl at baseline and 204.40 + 20.74 mg/dl
at the end of week 4. No significant difference was seen.
Triglyceride (TG) values in the experimental group were
63.00 £ 19.09 mg/dI at baseline, 60 + 25.11 mg/dl at the end
of week 4, while TG values in the control group were 134.60
+ 91.75 mg/dl at baseline and 111.10 + 52.41 mg/dl at the
end of week 4 with no significant difference. High-density
lipoprotein (HDL) values in the experimental group were
68.99 + 13.53 mg/dl at baseline and 69.55 + 7.98 mg/dl at
the end of week 4, while HDL values in the control group
were 65.45 + 11.42 mg/dl at baseline and 72.00 + 13.14 mg/
dl at the end of week 4 with no significant difference. Low-
density lipoprotein (LDL) values in the experimental group
were 101.11 + 24.85 mg/dl at baseline and 101.43 + 24.47
mg/dl at the end of week 4, while LDL values in the control
group were 98.43 £ 19.01 mg/dl at baseline and 110.18 +
22.08 mg/dl at the end of week 4 with no significant
difference (Table 2).

Changes in the subjects’ body compositions were
observed as follows. Body weight in the experimental group
decreased significantly, from 63.08 = 9.13 kg at baseline to
61.78 + 9.25 kg at the end of week 4. Body weight in the
control group was 59.93 + 0.02 kg at baseline and 60.21 +
9.71 kg at the end of week 4 with no significant difference.
Body fat mass in the experimental group was 38.52 + 1.84
kg at baseline and 38.61 + 1.66 kg at the end of week 4,
while body fat mass in the control group was 38.23 £ 5.18
kg at baseline and 37.84 + 4.46 kg at the end of week 4 with



Table 2. Changes of blood lipids in the experimental group and the control group

group Pre—test Post—test Mean difference
TC EG 182.70 +27.47 18290 +£25.79  -0.20+22.34
CG 190.80 +17.08 204.40+20.74  -3.60+19.34
TG EG 63.00 +19.09 59.60 +25.11 3.40 +23.24
CG 134.60 +91.75 111.10 £ 52.41 23.50 +76.09
HDL EG 68.99 + 13.53 69.55 +7.98 —0.56 + 14.96
CG 65.45+11.42 72.00+13.14  —6.55+14.41
LDL EG 101.11 +24.85 101.43 +£2447  -032+21.47
CG 98.43 +£19.01 110.18 £22.08  —-1.75+27.86

Values are M + SE. EG: Exercise with microcurrent shoes, CG: Exercise only.

Table 3. Changes in body compositions of the Experimental and Control groups

group  Pre-test Post-test ~ Mean difference

Weight (kg) EG 63.08+9.13  61.78+925 130+ 1.38*
ght (kg CG  59.93+0.02  6021£971 -028+1.13
Soft lean mass (kg) EG 3852+ 184 38614166 ~0.90+0.80
8 CG 3823+£518  3784+446 039+1.08
EG 3438+6.59  3280+672  1.58+2.49
Percentbody fat (%0) 5 337111337  3281+4.14 030+ 138

o EG  0.87+0.08 0.85+0.07  0.02+0.01%
Waist-hip ratio (%) g (510,03 0.84+0.03  0.01+0.01

Values are M = SE. EG: Exercise with microcurrent shoes, CG: Exercise only, *p<0.05

compared to the control.

no significant difference. Percent body fat in the
experimental group were 34.38 + 6.59 kg at baseline and
32.8 £ 6.72 kg at the end of week 4 showing a slight
decrease in body fat, though not statistically significant.
Body fat rates in the control group were 33.11 + 3.37 kg at
baseline and 32.81 + 4.14 kg at the end of week 4 with no
significant difference. Abdominal fat rates in the
experimental group decreased significantly, from 0.87 +
0.08% at baseline to 0.85 + 0.07% at the end of week 4;
those in the control group also decreased significantly, from
0.85 £ 0.03% at baseline to 0.84 + 0.03% at the end of week
4 (Table 3).

DISCUSSION

This study examined the effects of micro-currents
delivered during continuous walking exercise performed by
overweight female subjects. The subjects’ dietary habits
were maintained without limitation by any particular diet or
therapies for their body weight, body composition, or blood
lipid concentrations.

Due to the increasing number of obese people and a
heightened interest in health issues, many obesity studies
examining exercise, drug treatments, and physiotherapy
intended to decrease body weight have been conducted.
However, there have been few studies focusing on the
utilization of electrotherapy in particular, micro-currents.

In this study, no significant differences in blood lipid
concentrations (TC, TG, HDL, and LDL) were shown
between before exercise and at the end of 4 weeks in either
the walking exercise group or the combined micro-currents
and walking exercise group (p<0.05).

In many studies conducted on the changes in blood
cholesterol concentrations arising from regular long-term
exercise, conflicting results have been reported, some
indicating that TC, TG, HDL, and LDL concentrations
changed significantly?!”) and others indicating no
significant changes'®'?. In a study in which 20 obese
females performed resistance exercises for 12 weeks, James
and Pometta'? reported that only muscle strength increased
without any significant change in TC, while a study by
Kokkinos et al.'®, concluded that there was no significant
change in HDL concentration after the implementation of a
10-week program of resistance exercises. On the contrary,
Wallace et al.?? reported that high-intensity and high-
frequency circulating repetitive exercises performed by
middle-aged males produced significant increases in HDL
concentrations. Additionally, Park?! reported that a 16-
week program of elastic band exercises performed by stroke
patients resulted in significant outcomes in LDL
concentrations.

Studies conducted on changes of blood cholesterol
concentrations in relation to diverse styles and intensities of
exercise have shown that with higher exercise intensities
and longer periods of exercise time, blood cholesterol
concentrations change more significantly??. Durstine et
al.?) also reported that changes in HDL were not seen as a
result of low-intensity exercise; thus, in order to increase
HDL concentrations through exercise, the exercise intensity
should be enhanced or the amount of exercise time
increased. These differences in study results are thought to
be due to differences in the types of exercise, the lengths of
the exercise periods, hormonal changes and dietary habits of
the study subjects. In this study, the subjects’ dietary habits,
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including fat intake, were not restricted, and we believe that
the exercise intensity of the light walking exercise program
for a 4weeks was insufficient.

TG is located in adipose cells and in the musculoskeletal
system, and works as an energy source to produce ATP
through aerobic metabolism in vivo. In a previous study, it
was reported that applying 500 zA or lower micro-currents
increased ATP accumulation and protein binding'®.

The present study also compared body weights and body
compositions at baseline and after 4 weeks, and body
weights had significantly decreased at 4 weeks. In the
experimental group (p>0.05), abdominal fat rates had
significantly decreased in both the experimental group and
the control group (p>0.05), and body fat rates decreased in
the experimental group, although the difference from
baseline was not significant. These results are consistent
with many previous studies which have reported that
aerobic exercise directly converts body fat to kinetic energy
and thus reduces body weight, body fat and subcutaneous
fat>?». However, in the present were found no significant
differences in body fat mass in either the experimental or
control group, probably indicating that exercise for at least 8
weeks, rather than 4 weeks, is essential for the decrease of
body fat mass. This would corroborate the study by Kim et
al.?, who reported that decreases in body fat mass appeared
after exercising for at least 8 to 16 weeks.

Given that body fat masses were maintained or increased
between baseline and 4 weeks in some subjects, it is thought
that exercise programs which appropriately adjust the
intensity and exercise time for individual differences will be
necessary.

In this study, there were no differences in blood lipid
concentrations in either the experimental or control groups,
but body weight and abdominal fat rate decreased
significantly in the experimental group subjects, who
executed a regular walking exercise program combined with
stimulation through micro-currents. Therefore, applying
micro-current stimulation to regular walking exercise may
be more effective than only exercise at reducing overweight
females’ body weights and abdominal fat rates.

We acknowledge that this study has limitations. For
example, reducing the weight of overweight women and
maintaining the reduced weight should be conducted for a
longer period than four weeks and in addition, the number of
subjects who participated in this study was small. Thus, we
acknowledge that additional studies will be necessary.
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