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Abstract

Objective: To analyze the short- and long-term effects of microcurrent used with aerobic exercise on abdominal
fat (visceral and subcutaneous).

Methods: Forty-two female students from a university population were randomly assigned into five group:
intervention group (IG) 1 (n=9), 1G2 (n=9), 1G3 (n=7), 1G4 (n=8), and placebo group (PG) (n=9). An
intervention program of 10 sessions encompassing microcurrent and aerobic exercise (performed with a cy-
cloergometer) was applied in all groups, with slightly differences between them. In IG1 and IG2, microcurrent
with transcutaneous electrodes was applied, with different frequency values; 30-minute exercise on the cy-
cloergometer was subsequently performed. IG3 used the same protocol as IG1 but with different electrodes
(percutaneous), while in IG4 the microcurrent was applied simultaneously with the cycloergometer exercise.
Finally, the PG used the IG1 protocol but with the microcurrent device switched off. All groups were evaluated
through ultrasound and abdominal perimeter measurement for visceral and subcutaneous abdominal fat assess-
ment; through calipers for skinfolds measurement; through bioimpedance to evaluate weight, fat mass percentage,
and muscular mass; and through blood analyses to measure cholesterol, triglyceride, and glucose levels.
Results: After intervention sessions, visceral fat decreased significantly in IG1 compared with the PG. Sub-
cutaneous fat was reduced significantly in all groups compared with the PG. After 4 weeks, almost all results
were maintained.

Conclusion: The addition of microcurrent to aerobic exercise may reduce fat more than does aerobic
exercise alone.

Introduction

CONTINUOUS HABITS OF DECREASED physical activity
performance, along with eating behaviors characterized
by excess consumption of sugar and saturated fats, has led to
increased body fat in the general population.' There is a well-
established relationship between excessive total body fat,
cardiometabolic diseases, and increased mortality. It also
established that abdominal fat (android pattern) additionally
influences health risks.>> Indeed, women with abdominal
adipocytes (visceral fat) showed an increased lipolytic ac-
tivity that releases free fatty acids (FFAs) to the systemic
and portal circulations; this, in turn, leads to the metabolic
syndrome, which increases the risk of cardiovascular
diseases.>*°

Performing aerobic exercise (prolonged and moderate
exercise for a minimum of 30 minutes) induces fat reduction
by stimulating lipolysis through an increase in catechol-
amine levels resulting from greater sympathetic nervous
system activity.”” The increased catecholamine levels ac-
tivate lipolysis via f3;, fo-adrenergic receptors and inhibit
lipolysis via o,-adrenergic receptors.” The simultaneous
activation of both receptors modulates the intracellular cy-
clic adenosine monophosphate (cAMP) concentration,
which activates cAMP-dependent protein kinase; this then
leads to the phosphorylation and activation of the hormone-
sensitive lipase, which hydrolyzes triglycerides.” Because
aerobic exercise—induced reduction in lipidic sources is
global, ' electrolipolysis using microcurrent is thought to be
an effective way to reduce abdominal fat locally. In fact, this
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FIG. 1. Study flow diagram.

technique has been widely used in clinical practice in such
countries as Portugal and Brazil.

The use of electrical current is based on the fact that the
human body expends a certain amount of its energy gener-
ating electricity; all cells maintain a voltage, either across
the external membranes or across the membranes of the
organelles.'"'? This is possible because of the transport of
the active ions (in particular sodium and potassium) against
their concentration gradients.12 Therefore, some in vitro
studies have revealed that the application of electric fields
and currents similar to those generated within the body can
substantially change cell structure and behavior. In fact, the
application of microcurrent increases the number of or-
ganelles responsible for cellular activities and increases
concentrations of adenosine triphosphate (ATP),'"*'? amino
acid transport, protein synthesis,'> and activating hormone-
sensitive lipase'® which can increase lipolysis. Lipase is
responsible for triglyceride breakdown, which does not
permit FFA oxidation. As a result, it is necessary to perform
aerobic exercise in order to avoid the negative effects of FFA
in the systemic circulation. However, the most suitable time at
which to introduce aerobic exercise after application of mi-
crocurrent is not well established. In addition, the selection of
the microcurrent frequencies still lacks evidence. Only the
report by Melo and colleagues suggests using frequencies of
10 and 25 Hz (15 minutes each, to prevent desensitization of

adipocytes); those authors emphasize these frequencies as the
most adequate for stimulating lipolysis.'*

McMakin and Oschman state that microcurrent uses low-
frequency, low-level micro-amperage currents and is based
on the principles of biologic resonance.'” This technique can
be applied transcutaneously or percutaneously; the former is
not as effective because the skin can be an obstacle to the
current’s effect on visceral and subcutaneous fat.

The aim of this study was to analyze the short- and long-
term effects of microcurrent used with aerobic exercise on
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FIG. 2. Classification of cholesterol, triglyceride, and glu-
cose levels (mg/dL) (Source: Accutrend Plus, Roche; 2008).
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FIG. 3. Electrode position in transcutaneous application.

abdominal fat. The study also analyzed the most suitable
moment at which to introduce aerobic exercise (during or
just after microcurrent application), the most appropriate
microcurrent frequencies, and the most effective type of
application (transcutaneous or percutaneous).

Materials and Methods
Sample

The sample consisted of 45 university students who vo-
lunteered for this prospective, randomized, double-blind
study. Inclusion criteria were white women age 18-30 years
with a normal to preobese body-mass index (BMI) (18.5—
29.9kg/m?) and a moderate physical activity level (600—
3000 metabolic min/wk [MET-min/wk] scored by the In-
ternational Physical Activity Questionnaire (IPAQ).%%-10-1°
Exclusion criteria were involvement in other fat reduction
procedures/programs, cardiovascular risk factors or diseases
or any physical condition limiting aerobic exercise, contra-
indications to microcurrent application (pacemaker, tumor
areas, osteosynthesis material, open wounds, or skin in-
flammation) or aerobic exercise, use of medication that in-
fluences metabolism, and pregnancy.”'2°

Participants were randomly allocated to one of four in-
tervention groups (IGs)—IG1, IG2, IG3, and IG4—or the
placebo group (PG). Allocation sequences were computer-
generated. Three participants did not attended the sessions
and were excluded. The sample was composed of 42 par-
ticipants (9 in the PG, IG1, and IG2; 7 in IG3; and 8 in 1G4)
(Fig. 1).
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Instruments

A pilot study was performed to analyze intra-rater reliability
using an intraclass correlation coefficient (ICC). Bioimpedance
BC-545 InnerScan™ (Tanita, Arlington Heights, Illinois) was
used to calculate total and abdominal fat percentage, weight, and
muscle mass through a hand-to-foot electrical current. When
compared with dual-energy x-ray absorptiometry, bioimpe-
dance has excellent correlation coefficient of 0.96 (p <0.001)
for muscle mass and 0.87 (p<0.001) for fat percentage.”’
Echograph (Viamo™ Toshiba Medical Systems, Tustin, Cali-
fornia) with a 7.5-MHz probe was used to measure subcutane-
ous and visceral abdominal fat (ICC, 0.89).22 Subcutaneous
adipose tissue thickness at the abdomen measured with ultra-
sonography was compared with thickness measured by using
dual-energy x-ray absorptiometry; the two showed very good
correlations (r=0.905; p < O.Ol).23 Strong correlations were also
found between ultrasonographic and computed tomogra%)hic
measurements of visceral adipose tissue (r:O.85—0.87).22’ 4

A rigid tape was used to measure height; this has an
excellent correlation (r=0.98) with height measured radio-
graphically.®® Intrarater reliability was analyzed in a pilot
study, m km resulting in an ICC(5 ;) of 0.98 for body pe-
rimeters of 0.88 for skinfold measurements (performed by
using Harpenden® analog caliper [Baty International, West
Sussex, United Kingdom]).

Cholesterol, triglyceride, and glucose levels were mea-
sured by using Accutrend® Plus (Roche Diagnostics,
Rotkreuz, Switzerland). Compared with the enzymatic col-
orimetric method, this diagnostic method showed an ex-
cellent correlation (r=0.97) to lipid measurements as well
as to glucose laboratory tests (r=0.96).2%%’

A food-frequency questionnaire (FFQs) and IPAQ were used
to monitor lifestyle behaviors. FFQ responses showed moderate
and higher correlations for the comparison between FFQ and 7-
day diet records, and IPAQ measured physical activity in the
preceding week.'”*® During cycloergometer sessions, aerobic
exercise intensity was controlled through the use of heart mon-
itors (Polar®, Lake Success, New York) and Borg scale, which is
correlated with maximal oxygen consumption (r=0.64).%

Percutaneous and transcutaneous microcurrent was ad-
ministered by using a current device (Sonopuls 692 [Enraf
Nonius, Rotterdam, the Netherlands]). This current is
characterized by a pulsating stream of electrons in a rela-
tively low concentration that mimic the endogenous electric
energy of the human body.*

Procedures

All groups were evaluated initially (moment 0 [MO]), at
the end of the protocol (moment 1 [M1]), and 4 weeks after

TABLE 1. CHARACTERISTICS OF STUDY SAMPLE

Characteristic PG (n=9) IGI (n=9) IG2 (n=9) IG3 (n=7) 1G4 (n=8)
Age (y) 20+1 21+1 20+1.5 20+2.5 21+£0.5
BMI (kg/mz) 21.1+x1.9 23215 239+2.1 249432 22+0.9
FFQ score (kcal/d) 1758.92+823.65 2183.73+£643.12 2679.24+699.09 1787.83+331.86 2169.78+320.58
IPAQ (MET-min/wk) 1188+579.13 1386 +£547.05 1626 +788.5 1902£516 1279.5+497.5

Values are expressed as the median + interquartile deviation.

BMI, body mass index; FFQ, food-frequency questionnaire; IG, intervention group; IPAQ, International Physical Activity Questionnaire;

MET, metabolic equivalent (min/wk); PG, placebo group.
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TABLE 2. ULTRASONOGRAPHIC VALUES IN PLACEBO AND INTERVENTION GROUPS 1 AT MOMENTS O
AND 1 COMPARED WITH VALUES IN INTERVENTION GROUPS 2, 3, AND 4 AT MOMENT 1
) Ultrasonographic measure (mm) p-Value (M1-MO)
Anatomic
location Time PG IG1 1G2 IG3 1G4 PG-IGI-IG2 PG-IGI1-IG3 PG-IGI-IG4
Between xiphoid MO 13.8+7.3 12.9+£6.2 13.3£5.6 209+4.3 11.7x5.5 NS 0.01 NS
apophysis M1 13.7£7.2 125+£69 12.1+£6.6 17.8%5 12£5.6
and navel
Below navel MO 21.3%82 25.6%10.5 23.7+£6.8 31.3+£6.7 21.4+£2.1 0.010 0.035 0.025
M1 207  21.1£93 20.6%£7.8 25.1£8.3 17.6x£5.2
Right ASIS MO 9+2.6 85+14 10.7£33 114+£47 83%2.1 NS NS NS
M1 7.612 7.6£2.6 8.8+3.1 10£2.7 52%26
Left ASIS MO 8.5+24 9+3.9 11£3.3 11.3x4.1 83%23 0.002 0.006 0.002
M1 75+£22 7.1%x25 8.8+£2.7 10.1£2.5 8+1.9

Unless otherwise noted, values are expressed as the median tinterquartile deviation. p-Value (M1-MO) of the Kruskal-Wallis test.
ASIS, anterior superior iliac spine; M, moment; NS, not significant (p>0.05).

the end of the protocol (moment 2 [M2]). All groups at-
tended a total of 10 sessions (2 sessions per week).

The evaluation began with blood analysis. The volunteers
had been fasting (12 hours), and a finger blood sample was
collected. The results were recorded according to the in-
strument rules (Fig. 2).

BMI was calculated by dividing the body weight in ki-
lograms (bioimpedance) by height in meters squared.’'~?
For bioimpedance evaluation, volunteers were instructed to
not drink alcohol and perform vigorous physical exercise
during 24 hours, avoid heavy meals, and empty the bladder
before the measure.

Ultrasonography was performed at the end of expiration
to measure subcutaneous abdominal fat between the Xxi-
phoid apophysis and the navel, below the navel, and above
the left and right anterior superior iliac spine. Visceral
abdominal fat was measured between xiphoid apophysis
and the navel.”>*

The perimeter measurements were done at the end of
expiration, at waist level (below the last rib), at navel level,
at the point immediately above the iliac crests, and at the
trochanter level.*® The waist-to-hip ratio was calculated by
using the waist-level perimeter divided by the trochanter-
level perimeter.“’36 Suprailiac, vertical, and horizontal ab-
dominal skinfold measurements were performed three times
and the mean was calculated.?>°

All groups were assessed by bioimpedance, ultrasonog-
raphy, body perimeters, skinfold measurements, and IPAQ 4
weeks after the end of the protocol.

The intervention protocol included 30 minutes of mono-
phasic and rectangular microcurrent with polarity changes
every second and 30 minutes of aerobic moderate-intensity
exercise performed on a cycloergometer (50% maximal
oxygen consumption using Karvonen formula). The Borg
scale (score, 12—13) and Polar® heart monitors were used to
measure heart rate.

IG1 and IG2 performed the aerobic exercise just after
application of microcurrent to the abdominal region using
four transcutaneous electrodes (55cmx5.5cm) in a parallel
position (Fig. 3). An intensity below the sensitivity threshold
was used with a maximum of 1 mA. After 15 minutes, IG1
changed from 25 to 10 Hz and IG2 changed from 25 to 50 Hz.
In IG3, the same microcurrent intensity and frequencies as

IG1 were applied but with percutaneous electrodes (4 in the
anterior abdominal region and 2 in the right and left suprailiac
region with acupuncture needles 40 mm x 0.25 mm), followed
by 30 minutes of exercise on the cycloergometer. In 1G4, the
same microcurrent parameters as in IG1 were applied, but the
cycloergometer exercise was performed simultaneously. Fi-
nally, in the PG, the same protocol as IG1 was applied but the
microcurrent device was switched off.

Ethics

This study is registered at Clinical Trials.gov (NCT01853761)
and was approved by the ethical committee of the higher edu-
cation institution. Participants in the PG were invited to partic-
ipate in the intervention protocol at the end of the study. All
volunteers provided written informed consent according to the
Declaration of Helsinki.

Statistical analysis

Statistical analysis were gerformed by using Predictive
Analytics Software (PASW™ Statistics), version 18 (IBM,
Armonk, NY), with a significance level of 5% (p<0.05).
Given the small sample size, nonparametric tests were ap-
plied. Difference variables were compared between groups
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FIG. 4. Percentage change of visceral fat values in mo-
ment 1 to moment O, measured by ultrasonography in the
placebo group (PG) and intervention groups (IGs) 1, 2, 3,
and 4. *p=0.01.
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TABLE 3. BIOIMPEDANCE VALUES IN PLACEBO AND INTERVENTION GROUPS 1 AT MOMENTS 0O
AND 1 COMPARED WITH VALUES IN INTERVENTION GROUPS 2, 3, AND 4 AT MOMENT 1

Bioimpedance value

p-Value (M1-MO)

Variable Moment PG IG1 1G2 1G3 1G4 PG-IGI-IG2 PG-IGI-IG3 PG-IGI1-1G4
BMI (kg/m*) MO  21.1+£1.9 232+1.5 239421 249+32 22409 NS NS NS
Ml  20.6x1.8 229+13 234+£2 245+3.1 21.7+£09
Total fat (%) MO  23.9+5 28.1+45 289+43 303+4 29.8433 0.040 NS NS
Ml  225+4.6 268+43 26%5 28.7+39 27.6+2.6
Muscle MO 403+2 41.4+£2.6 42.1%+15 40.8+3.5 40.3+2.0 0.012 NS NS
mass (kg) Ml  39.2+23 42.1+£1.8 42.1£13 424+23 40.6+25

Unless otherwise noted, values are expressed as the median +interquartile deviation. p-Value (M1-MO) of the Kruskal-Wallis test.

with Kruskal-Wallis tests followed by Dunn test as a post
hoc test. The Wilcoxon test was used to compare MO versus
M1 and M1 versus M2 in each group.®’

Results

Table 1 shows characteristics of the 42 participants, in-
cluding age, BMI, FFQ response, and IPAQ score. The
groups did not differ at MO.

A significant decrease in subcutaneous fat between the
xiphoid apophysis and the navel was observed in IG3
(p<0.01), below the navel in IG1 (p<0.05) and 1G2
(p<0.01), and on the left anterior superior iliac spine in IG1
(p<0.01) compared with the PG (Table 2).

Participants in IG1 also showed a significant decrease in
visceral fat (p=0.01) when compared with the PG (Fig. 4).

Total fat decreased significantly after 10 intervention
sessions (p<0.05) and muscle mass increased significantly
(p<0.01) in IG2 versus the PG (Table 3). Abdominal fat
decreased significantly in IG1 (p=0.01), IG2 (p=0.001),
and 1G4 (p=0.013) compared with the PG (Fig. 5).

Any type of microcurrent applied before or simulta-
neously with the performance of aerobic exercise was as-
sociated with a significant decrease in vertical and
horizontal abdominal skinfold among the four IGs compared
with the PG (p<0.01) (Table 4). The application of mi-
crocurrent before aerobic exercise was associated with a
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FIG. 5. Percentage change in abdominal fat values in mo-
ment 1 to moment 0, measured by bioimpedance, in the placebo
group and intervention groups 1, 2, 3, and 4. *p<0.01.

significant decrease below the last rib and above the iliac
crest perimeters in IG1, IG2, and IG3 (p <0.05), as well as a
waist-to-hip ratio that decreased significantly in IG1 and
IG2 (p<0.05), compared with the PG (Table 5).

There were no significant differences on blood analyses
between the four IGs and the PG. Nevertheless, in IG1 tri-
glycerides significantly increased (p=0.016) after the 10
sessions of the intervention (Fig. 6).

IPAQ and FFQ scores did not significantly at any mo-
ment. Four weeks after the end of the intervention protocol
(M2), most of the positive results remained in the IGs. In
addition, IG1 showed a statistically significant decrease in
total fat (p=0.031) and vertical abdominal skinfold
(p=0.03), a significant decrease muscle mass (p=0.031),
and a significant increase in the perimeter above the iliac
crest (p=0.031).

Discussion

The results of this study show that microcurrent appli-
cation using transcutaneous as well as percutaneous elec-
trodes with a frequency of 25-10Hz and 25-50Hz,
combined with aerobic exercise, led to a significant decrease
in subcutaneous abdominal fat thickness as measured by
ultrasonography. Indeed, according to Ramirez-Ponce et al.,
fat cells are sensitive to electric currents, demonstrating that
human adipose cells have voltage-dependent potassium
currents.>® Moreover, according to Hamida et al., micro-
currents can induce cell membrane depolarization of the
adipocyte, which can be cAMP dependent and contribute to
increase lipolysis. These findings explain the use of micro-
current to stimulate lipolysis.*

Despite these positive results in relation to subcutaneous
abdominal fat, microcurrent stimulation using a frequency of
25 and 10Hz before aerobic exercise with transcutaneous
electrodes was the only procedure that significantly decreased
visceral fat. This change was measured by ultrasonography,
which revealed the influence of the frequency on this type of
fat. The studies also suggested that the frequencies used had a
deeper effect and were more effective in ff-adrenergic re-
ceptors stimulation compared with 25 and 50 Hz.

IG3, whose intervention used the same microcurrent
frequencies as that used in IG1, followed by aerobic exer-
cise, did not have a significant decrease in visceral fat,
which can probably be explained by the selection of dif-
ferent electrodes (i.e., percutaneous). In fact, transcutaneous
electrodes have a larger area of contact with the abdominal
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TABLE 4. SKINFOLD VALUES IN PLACEBO AND INTERVENTION GROUPS 1 AT MOMENTS O AND 1 COMPARED
WITH VALUES IN INTERVENTION GROUPS 2, 3, AND 4 AT MOMENT 1
p-Value (M1-MO0)
Skinfold value (mm)
PG-1GI- PG-IGIl- PG-IGI-
Variable Moment PG IG1 1G2 1G3 1G4 1G2 1G3 1G4
Suprailiac MO 18.5+£2.7 19.1+£14 18.1£29 195%1.8 18.4%+0.7 NS NS 0.01
M1 174+£19 17.1x1.1 16.1£1 16.9£0.5 157£1.0
Vertical MO 155£22 15914 156=%x1.1 17.1£1.1 16.4£0.7 0.01 0.002 0.002
abdominal M1 16.1+£22 157+1.1 13.7£1.8 15.3%£0.7 144+14
Horizontal MO 17.7£28 19.1+£0.8 17.8+22 19.1+£0.37 17.3+£0.7 0.001 <0.001 0.001
abdominal M1 169£27 163x£09 154%+18 174+1.1 155+£14

Unless otherwise noted, values are expressed as the median tinterquartile deviation. p-Value (M1-MO) of the Kruskal-Wallis test.

region and consequently had wider f-adrenergic receptors
stimulation.

In IG2, after the intervention protocol, a significant in-
crease in muscle mass was associated with the 25 and 50 Hz
frequencies. Evidence suggests that frequencies in this range
(20-50Hz) influence the muscular layer; through stimula-
tion of muscle fibers muscle mass and strength increase.*’

Analysis of the results for the simultaneous performance
of aerobic exercise with the application of microcurrent
(the 1G4 protocol), showed significantly decreased ab-
dominal fat, measured by bioimpedance, as well as vertical
and horizontal abdominal skinfolds. Indeed, some studies
have shown that aerobic exercise stimulates lipolysis
through an increase in catecholamine levels resulting from
a higher sympathetic nervous system activity.”*! Despite
this, the groups that performed aerobic exercise after mi-
crocurrent application (IG1, IG2, and IG3) had even better
results, with a significant decrease in almost all variables.
This finding indicates that when microcurrent was applied
before exercise, triglyceride breakdown was stimulated
during microcurrent use and increased further with aerobic
exercise.

Bioimpedance used as an assessment too showed that
abdominal fat percentage decreased significantly with
transcutaneous electrodes, despite the frequency and the
sequence of aerobic exercise/microcurrent application. This
finding suggested a local electrolipolysis effect on abdom-
inal fat decrease. Only IG3, which used percutaneous elec-

trodes, showed no significant influence on abdominal fat
percentage; this may have occurred because of the number
of available channels, which restricted the abdominal area
for microcurrent application.

BMI did not differ between groups; a possible reason
could be an increase muscle mass despite a total fat per-
centage decrease. This finding suggests that BMI may be a
limited evaluation indicator because it does not discriminate
between fat and lean mass in total weigh.*

Skinfolds measurement decreased significantly when
microcurrent was used, reveling that it can contribute to
lipolysis stimulation and subcutaneous fat decrease. The
significant reduction in abdominal skinfold after 10 sessions
of microcurrent application was correlated with a significant
decrease in below-last-rib and above-iliac-crest perimeters
in all groups that performed aerobic exercise after micro-
current application.*® This finding reinforced the theory that
abdominal fat decrease is higher when aerobic exercise is
performed after microcurrent application.

Although perimeters cannot discriminate fat types, the
literature shows a significant correlation between waist-to-
hip ratio and visceral fat.>! Therefore, the significant de-
crease in waist-to-hip ratio in IG1 and IG2 reinforce the idea
that microcurrent can influence visceral fat. It also supports
the idea that aerobic exercise after microcurrent application
extends lipolysis time and that transcutaneous electrodes
stimulate more f-adrenergic receptors and stimulate the
mitochondria to produce ATP.*® In that way cAMP levels

TABLE 5. PERIMETER VALUES IN PLACEBO AND INTERVENTION GROUPS 1 AT MOMENTS (0 AND 1
COMPARED WITH VALUES IN INTERVENTION GROUPS 2, 3, AND 4 AT MOMENT 1

Perimeter value (cm)

p-Value (M1-MO)

PG-IGI- PG-IGI- PG-IGI-

Variable Moment PG IG1 1G2 1G3 1G4 1G2 1G3 1G4

Below MO 67.8+4.3 70.4+4.9 72.7+3.5 72.7+53 71.7+£3.0 0.004 0.006 0.011
last rib M1 68+4.3 69.5+4.9 69.71+4.1 71.6%x3.7 69.2+2.1

Navel label MO 80.3+4.4 81.8+5.7 83.2+44 81.1+£5.8 79.6+2.8 0.026 NS NS

M1 79.4+4.4 80.8+0.5 81.8+4.1 79143 79.4+4.4

Above MO 76.3+4.3 81.3%+5.1 80.5+4.6 80.6+5.9 76.6+£2.0 0.009 0.015 0.022
iliac crest M1 75.1+£4.7 79.8+5 78+3.8 78.8+5 76.5£2.9

Waist-to- MO 0.731£0.011 0.758+£0.03 0.726+£0.025 0.711£0.047 0.721£0.024 0.024 NS 0.046
hip ratio M1 0.728+0.014 0.747+0.029 0.709+0.023 0.695+0.042 0.709+0.023

Unless otherwise noted, values are expressed as the median tinterquartile deviation. p-Value (M1-MO) of the Kruskal-Wallis test.
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FIG. 6. Percentage of volunteers who had decreased,
maintained, or increased triglyceride results in the placebo
group (n=7) and intervention groups 1 (n=38), 2 (n=8), 3
(n=7), and 4 (n=5). M, moment. *p=0.016.

are elevated and lipolysis is activated through protein kinase
A-mediated phosphorylation of hormone-sensitive lipase.**

Despite the significant results found on the application of
microcurrent followed by the aerobic exercise, triglycerides
levels increased significantly with use of microcurrent fre-
quencies of 10 Hz and 25 Hz (IG1). In fact, these frequencies
induce lipolysis mainly in visceral fat. A high lipolytic rate
characteristic of visceral fat may have contributed to greater
FFA release than those that were consumed, leading to an
FFA plasmatic and liver increase, which promotes triglycer-
ide-rich lipoproteins synthesis.'®** Microcurrent promotes
lipolysis through a catecholamine (epinephrine and norepi-
nephrine) release by the adrenal gland. This stimulates adenyl
cyclase enzyme, which catalyzes ATP conversion in intra-
cellular cAMP. Thus, hormone-sensitive lipase is excited,
promoting fat tissue triglyceride breakdown in glycerol and
FFA, which serve as a source of energy or remain in sys-
temic circulation, returning subsequently to triglycerides
form.>1?3%4243 Given what was explained before, it seems
that the duration of aerobic exercise was too short to oxidate
all FFAs released by microcurrent with frequencies 10 and
25Hz.

Although aerobic exercise features were selected on the
basis of studies reporting that prolonged exercise (more than
30 minutes) with moderate intensity (between 47% and 52%
of maximal oxygen consumption) stimulate effectively FFA
oxidation, more studies with different aerobic exercise
characteristics to increase FFA oxidation (such as room
temperature control, increased duration, or another exercise
modality) are needed.®%-204443

Participants’ physical activity and food habits had no
influence on the reported results; IPAQ and QFA didn’t
reveal any statistically significant differences between MO
and M1, at the end of the 10 sessions.

Intervention effects were maintained after 4 weeks of the
end of the procedures. Nevertheless, IG1 revealed a signif-
icant decrease in total fat percentage and vertical abdominal
skinfold, suggesting that the positive effects of microcurrent
application with transcutaneous electrodes with 25- and 10-
Hz frequencies may have been prolonged even after the end
of protocol. However, this group showed a muscle mass
decrease and increase in perimeter above the iliac crest,
supporting the need for an ongoin§ aerobic exercise pro-
gram to maintain results over time.*®

In addition, studying the intervention effects in a larger
sample and on a weekly basis is needed to more accurately
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determine when these effects are improved and they start to
attenuate.

This study has provided some answers to guide future
clinical practice. In the future, it would be important to
check the applicability in obese individuals and individuals
with specific metabolic diseases.

In conclusion, the results of this study suggest that mi-
crocurrent application induces lipolysis and provides ef-
fects additive to aerobic exercise on fat tissue decrease.
Aerobic exercise performed after microcurrent application
seems to be more effective in reducing visceral and sub-
cutaneous fat. Both sets of frequencies were effective, but
only 25-Hz and 10-Hz frequencies seem to be able to in-
fluence visceral fat. Transcutaneous application appears to
be more effective than percutaneous application. The re-
sults of aerobic exercise with microcurrent were main-
tained over time.
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