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Introduction:Obesity is one of themost important link factors to coronary artery disease developmentmainly due
to the pro-inflammatory and pro-thrombotic states favoring atherosclerosis progression. The LLLT acts in the cel-
lularmetabolism and it is highly effective to improve inflammation. The sameoccur in response to different kinds
of exercise. However, we have not known the associate effects using LLLT therapies with aerobic plus resistance
training as strategy specifically with target at human obesity control and its comorbidities.
Objective: Investigate the effects of the LLLT associated with aerobic plus resistance training on cardiometabolic
risk factors in obese women.
Methodology: Women aged 20–40 years (BMI ≥ 30 kg/m2), were divided into 2 groups: Phototherapy (PHOTO)
and Placebo. They were trained aerobic plus resistance exercises (in a concurrent mode), 1 h, 3 times/week during
16weeks. Phototherapywas applied after each exercise session for 16min,with infrared laser,wavelength 808 nm,
continuous output, power 100 mW, and energy delivery 50 J. The body composition was measured with
bioimpedance. Inflammatory mark concentrations were measured using a commercially available multiplex.
Results: LLLT associatedwith aerobic plus resistance trainingwas effective in decrease neck (P= 0.0003) andwaist
circumferences (P=0.02); percentual of fat (P=0.04); visceral fat area (P=0.02);HOMA-IR (P=0.0009); Leptin
(P= 0.03) and ICAM (P= 0.03). Also, the reduction in leptin (P= 0.008) and ICAM-1 (0, 05) was muchmore ex-
pressive in the phototherapy group in comparison to placebo group when analyzed by delta values.
Conclusion: LLLT associated with concurrent exercise (aerobic plus resistance training) potentiates the exercise ef-
fects of decreasing the cardiometabolic risk factors in obese woman. These results suggest the LLLT associated with
exercises as a new therapeutic tool in the control of obesity and its comorbidities for obese people, targeting to op-
timize the strategies to control the cardiometabolic risk factors in these populations.

© 2015 Elsevier B.V. All rights reserved.
1. Introduction

Obesity is a complex disease and its pathogenesis is multifactorial,
resulting mainly from sedentary behaviors coupled with inadequate
s Laboratory, Department of
, Rodovia Washington Luis, Km
3351 8985.
).
eating habits [1,2]. It is strongly associatedwith subclinical inflammation,
metabolic syndrome, type 2 diabetes and an elevated risk of cardiovas-
cular diseases [3]. Some cytokineswith higher concentrations in obesity
promote the development of cardiovascular disease, mainly pro-
inflammatory proteins such as leptin, plasminogen activator inhibitor
(PAI-1), interleukin-6 (IL-6), tumor necrosis factors alpha (TNF-α), in-
tracellular adhesion molecule 1 (ICAM-1) and vascular cell adhesion
molecule 1 (VCAM-1), among others [4,5].
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In this context, the obesity, mainly the visceral fat, is directly as-
sociated with major risk for cardiovascular and metabolic diseases
and is a feature of systemic inflammation [6]. The hyperleptinemia
and hyperinsulinemia configure the profile of most obese individuals
and appear to be the key factors of themetabolic abnormalities, providing
inadequate response to weight loss therapy [7]. Furthermore, the PAI-1
increase in plasma of the obese individuals leads to a hyperthrombotic
state by hypofibrinolysis, hypercoagulability and platelets activation
that leads to the development of atherosclerotic plaques formation,
main predictor for myocardial infarction [8,9].

Data supports that the interdisciplinary intervention model asso-
ciated to aerobic plus resistance training was more effective in im-
proving the visceral adiposity, inflammatory markers and
metabolic profile in obese adolescents [10,11]. In addition, Jackson
and colleagues [12] find changes in the body composition as in cir-
cumferential measurements across waist, hips, and thighs compared
to placebo subjects after LLLT treatment, with a total of six treat-
ments across 2-weeks. The authors suggest that change in the adi-
pose tissue occurs due to adaptations in the membrane
permeability of adipocytes, releasing fatty acids in blood circulation,
but their removal and metabolism mechanisms still remain unclear
[12].

Actually the advance in studies involved low-level laser therapy
(LLLT) or light-emitting diode (LED) therapy has allowed a better
understanding of their mechanisms in the biologic tissues. There-
fore, the use of light in different applications like LLLT as ancillary
non-invasive treatment has been disseminated in recent years,
mainly in controlling pain, inflammation, mucositis, tissue repairs
besides the muscle performance and also in the aesthetic treatments
[13–16].

Although, recently a pioneer study of our research group demonstrat-
ed that phototherapy when associated with swimming training was effi-
cient to potentiate theweight loss, aswell as ameliorate the lipid profile in
exogenous obese rats [17]. Nonetheless, we did not find studies using the
association between LLLT therapies with aerobic plus resistance training
as strategy specifically with target at human obesity control and its
comorbidities.

This way, we hypothesized that the LLLT associated with aerobic
plus resistance training may promote a reduction in pro-inflammatory
Fig. 1. Methodologi
and prothrombotic markers, contributing to reduce cardiometabolic
risk factors in obese women in a placebo-controlled clinical trial.

2. Material and Methods

The details about experimental design are shown in Fig. 1.

2.1. Subjects

For this study, a total of 64 adult obese women, with the age of
20–40 years were involved in this randomized double blind con-
trolled clinical trial. The volunteers were recruited by impress and
electronic media, TV and radio. The inclusion criteria were: 1) prima-
ry obesity, body mass index (BMI) between 30 and 40 kg/m2 and
2) age between 20 and 40 years old. Exclusion criteria were: 1) the
use of cortisone, anti-epileptic drugs; 2) history of renal disease;
3) alcohol intake; 4) smoking and 5) secondary obesity due to endo-
crine disorders.

The studywas conducted in accordancewith the principles of theDec-
laration of Helsinki andwas approved by the ethics committee on human
research at Universidade Federal de São Carlos—UFSCar (#237.050) and
registered at Clinical Trial: 231.286. All proceduresweremade clear to the
volunteers and consent for research was agreed. The evaluations were
performed at different times: in the beginning and the end of therapy;
and in the middle (4 months) of interdisciplinary intervention. The
main reasons for dropping out (n = 12) in our study were pregnancy,
family problems and job opportunities.

The volunteerswere randomly assigned between two groups through
the sample randomization program (www.randomization.com): placebo
group and phototherapy group (PHOTO). The treatment consisted in
physical exercise intervention –moderate aerobic plus resistance training
– and the individually application of phototherapy immediately after the
end of the training. The same interventions of phototherapy group were
applied for placebo group voluntaries however, during the application
of phototherapy the placebo group did not received the incidence of
laser light, characterizing the study as a placebo-controlled clinical trial.
This one is the blind analyzer and the other is the person that analyzed
the data, without the knowledge of the treated group. The voluntaries
do not know which group they belonged. During the experimental
cal description.

http://www.randomization.com
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protocol, all volunteers received nutritional counseling. The only one that
differs among groups was the presence of the light.
2.2. Anthropometric and Body Composition Measurements

Volunteers were measured for weight and height using light
clothes and no shoes using an electronic scale. The parameters used
in this study were: body mass (kg); total body fat (kg and %) and vis-
ceral body fat (cm2). We used the bioelectrical impedance analysis
(BIA) devices to measure the change in impedance in body tissues
by sending detectable electrical signals through the body. The BIA
device used in this study was the InBody® 720 (Biospace Co. Ltd.;
Seol, Korea), which uses 6 frequencies (1, 5, 50, 250, 500, and
1000 kHz). The body mass index (BMI) was calculated as body
mass (kg) dividing stature (m)2.

Neck circumference (NC) was measured at the base of the neck,
below the cricothyroid cartilage with the volunteer's head positioned
in the Frankfurt horizontal plane, keeping in inspiratory apnea with an
inelastic tape. Values above 34 cm for women and 37 cm for men indi-
cate an increased risk for the occurrence of cardiovascular risk [18].

Waist circumference (WC)was determined at the end of normal ex-
piration at the midpoint between the iliac crest and the last rib using a
flexible and inelastic tape without compressing the skin. Values above
80 cm forwomen and above 94 cm formen indicate a risk for cardiovas-
cular disease [19].

Hip circumference (HC) was measured at the most salient point be-
tween the waist and the thigh, using an inelastic tape. The waist–hip
ratio was calculated [19].
Table 1
Device information, irradiation and treatment parameters.

Type Ga-Al-As semiconductor diode laser

Wavelength 808 nm
Operating mode Continuous wave
Number of Emitters 16 (per plate)
Number of Plate 4
Number of electronic
control box

2

Per emitter
Spot diameter (elliptical shape) Horizontal 0.3692/vertical 0.0582 cm
Spot area 0.0169 cm2

Output power 100 mW
Irradiance 6.0 W/cm2
2.3. Serum Analysis

Blood samples were collected after 12 h of overnight fast at approx-
imately 8:00 am in the outpatient clinic.

Insulin sensitivitywas assessed using the homeostasismodel assess-
ment IR (insulin resistance) index (HOMA-IR). HOMA-IRwas calculated
using the following formula:

HOMA‐IR fasting blood glucose
mg
dL

� �
� fasting insulin

μ∪
mL

� �
� 405

� �
:

The cut-off value determined for Brazilian population is HOMA-
IR ≤ 2.71 for classified the subjects with IR [20].

The leptin, PAI-1, VCAM and ICAM-1 concentrations were measured
using a commercially available multiplex assay (EMD Millipore;
HMHMAG-34K).Manufacture-supplied controlswere included tomea-
sure assay variation and all samples were analyzed on the same day to
minimize day-to-day variation. Aminimumof 100 beadswere collected
for each analyzed using a Luminex MagPix System (Austin, Texas),
which was calibrated and verified prior to sample analysis. Unknown
sample values were calculated offline using Milliplex Analyst Software
(EMD Millipore) [21].
Radiant energy 96 J

Characteristic of the application
Application technique Plates over the following perpendicularly to the

skin in the regions: anterior region: abdominal
and quadriceps simultaneously during 8 min.
Change the position to irradiate the posterior
region: gluteus and biceps femoral during 8 min
totalizing 16 min

Number of points irradiated 64 (per position)/128 (total)
Total radiant energy delivered Per session (16 min): 6,144 J/all sessions (48):

294,912 J
Number and frequency
of treatment sessions

Three times per week after physical exercise,
totalizing 48 sessions of treatment
2.4. Therapy

Three times during the intervention period (4 months) at Unidade de
Saúde Escola (USE)/Universidade Federal de São Carlos—UFSCar, all vol-
untaries were monitored and evaluated by clinical tests. These evalua-
tions were done by the team of health professionals including
endocrinologist, nutritionist and physical educator. The medical follow-
up included the initial medical history and a physical examination of
blood pressure, cardiac frequency and body composition were checked
(Fig. 1).
2.5. Physical Exercise Intervention — Moderate Aerobic Plus Resistance
Training (M-Rt)

During the 4 months period, the voluntaries followed a combined
exercise training therapy. The protocol was performed three times
per week and included 30 min of aerobic training and 30 min of
resistance training per session. The aerobic training consisted
of running on a motor-driven treadmill (Movement®) between
70–85% of a maximal cardiac frequency (FC) intensity, which
was previously determined by treadmill submaximal test. The phys-
ical exercise intervention was based on the guidelines from
the American College of Sports Medicine (ACSM) [22]. Resistance
training was also designed based on ACSM recommendations [23]
(Fig. 1).

2.6. Phototherapy Intervention

The device prototype used was composed of 4 plates with 16 infra-
red laser emitters. The characteristics of phototherapy equipment are
described below (Table 1).

The phototherapy equipment (Table 1 and Fig. 2) was developed
by the Laboratory Technology Support-LAT, Center for Research in
Optics and Photonics Institute of Physics in São Carlos city at
Universidade de São Paulo — USP. For phototherapy intervention,
the plates were placed in abdominal, gluteal and lower limbs in the
quadriceps and biceps femoral region. The positioning of the plates
in each region is demonstrated in Fig. 2. The emitters are disposed
perpendicularly (90°) to the skin. The total application time was
16 min (8 min per side) and the application was performed after
each exercise session, in accordance with the previous study of our
research group [24,25] (Fig. 2).

2.7. Statistical Analysis

Statistical analysis was performed using the program STATISTICA ver-
sion 7.0 forWindows (StatSoft Inc., Tulsa, OK, USA). The significance level



Fig. 2. Illustrative places of phototherapy application. Volunteer receiving phototherapy after physical exercise—A. In ventral decubitus— 8min of phototherapy application per session; B.
In dorsal decubitus— 8 min of phototherapy application per session; C. Prototype phototherapy equipment.
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was set up at p b 0.05. The Kolmogorov–Smirnov test was applied to as-
sess the assumption of normality for the data. Parametric data were
expressed as mean ± standard deviation (SD). To analyze the effects
Table 2
Effect of LLLT associated aerobic plus resistance training on body composition and anthropome

Placebo group

Variables Baseline End Δ value (%)

Age 33.954 ± 4.805 __ ± __ __ ± __
Height (m) 1.63 ± 0.04 __ ± __ __ ± __
Body mass (Kg) 97.212 ± 13.002⁎ 94.487 ± 12.795

P = 0.0000001⁎⁎
−4.743 ± 2.1

Body mass index (Kg/m2) 36.083 ± 4.137 33.886 ± 4.278
P = 0.0000001⁎⁎

−6.181 ± 2.7

Waist circumference (cm) 113.225 ± 13.825 110.562 ± 13.02
P = 0.000006⁎⁎

−2.309 ± 1.1

Neck circumference (cm) 36.983 ± 2.109 36.583 ± 1.942
P = 0.0361⁎⁎

−1.044 ± 1.9

Fat mass % 40.886 ± 3.159 39.113 ± 3.0507
P = 0.0000001⁎⁎

−4.332 ± 1.5

Visceral fat (cm2) 160.891 ± 21.449 154.400 ± 22.228
P = 0.00004⁎⁎

−4.425 ± 2.8

Hip (cm) 119.8 ± 6.2 118.2 ± 5.6 1.28 ± 1.9

Values expressed by mean ± SD. References values: body mass index: ≤24.9 Kg/m2; waist circ
and ≤37 for men; fat mass%: 18 to 28% for females; visceral fat: ≤100 cm2. Kg: kilogram, m2: s
⁎ Statistical difference between baseline values.
⁎⁎ Statistical difference between baseline vs after therapy values.
⁎⁎⁎ Statistical difference between delta values.
intervention and difference between the groups, a two-way ANOVA
was applied followed by Tukey post hoc test. Comparing the delta values
was performed by t test independent by groups.
tric measurements.

Phototherapy group

Baseline End Δ value (%)Δ

32.20 ± 4.969 __ ± __ __ ± __
1.65 ± 0.06 __ ± __ __ ± __

80 94.487 ± 12.79 89.293 ± 12.834 P = 0.000001⁎⁎ −5.546 ± 2.051
P = 0.3916

22 34.396 ± 4.036 32.629 ± 3.921
P = 0.000001⁎⁎

−5.480 ± 2.589
P = 0.4520

39 107.687 ± 10.024 103.812 ± 9.07
P = 0.00001⁎⁎

−3.554 ± 0.708
P = 0.02⁎⁎⁎

39 38.093 ± 2.265 36.266 ± 1.869
P = 0.00009⁎⁎

−4.711 ± 3.202
P = 0.00031⁎⁎⁎

04 40.950 ± 2.467 38.833 ± 2.4473
P = 0.000007⁎⁎

−5.608 ± 1.599
P = 0.048⁎⁎⁎

24 150.480 ± 19.938 140.710 ± 19.982
P = 0.0000001⁎⁎

−7.094 ± 2.001
P = 0.0209⁎⁎⁎

118.2 ± 7.7 112.8 ± 7.7 4.56 ± 3.3
P = 0.0073⁎⁎⁎

umference: ≤80 cm for women and ≤94 cm for men; neck circumference: ≤34 for women
quare meter, %: percentage, cm: centimeter, cm2: square centimeter.

Image of Fig. 2
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The delta values were obtained from the formula: Δ ¼
final value−initial value

initial value � 100:

3. Results

3.1. Effects of Phototherapy Associated With Aerobic Plus Resistance
Training on Anthropometric Measures and Body Composition

In initial treatment, there are no differences between the group pla-
cebo and phototherapy for all anthropometric and body composition
parameters — body weight (Kg), height (cm), BMI (Kg/m2), hip, waist
and neck circumferences (cm), percentage of total fat mass (%), visceral
fat (cm2), and waist–hip ratio.

At the end of treatment in relation to initial treatment, placebo and
phototherapy groups had decrease in body mass, BMI, waist and neck
circumferences, percentage of total fat mass, visceral fat, hip and
waist–hip ratio. Furthermore, those decreases were greater in the pho-
totherapy group than in the placebo group with exception for body
mass and BMI that had no differences between groups (Table 2).

3.2. Effects of Phototherapy Intervention Associated With Aerobic Plus
Resistance Training on Metabolic Profile

In initial of treatment, there are no differences between the
group placebo and phototherapy for glucose (mg/dl), insulin (uU/ml),
HOMA-IR and platelets plasma concentration (K/uL). After interdisci-
plinary intervention, an improvement was observed on the metabolic
profile with reduction in the insulin, HOMA-IR and platelets in plasma
concentration in both groups. Interestingly, once again the photothera-
py intervention potentiated the effects on those parameters when com-
pared to placebo group. Glucose concentration didn't change with
treatment (Table 3).

3.3. Effects of Phototherapy Intervention Associated With Aerobic Plus
Resistance Training on Inflammatory Markers

In this study, it didn't have any differences in PAI-1 (ng/ml), leptin
(ng/ml), SCAM-1 (pg/ml) and ICAM-1 (pg/ml) concentrations in initial
of treatment in both groups. Significant reduction in the PAI-1, leptin
and ICAM-1 was shown only in the phototherapy group. The reduction
in leptin, PAI-1 and ICAM-1 was much more expressive in the photo-
therapy group in comparison with the placebo group when analyzed
by delta values (Table 4, Fig. 3). The VCAM-1 delta showed no statistical
difference between the groups.

4. Discussion

The aim of the present investigation is to analyze the possible mech-
anism linking the effects of the LLLT associated with aerobic plus
Table 3
Effect of LLLT associated aerobic plus resistance training on metabolic profile.

Placebo group

Variables Initial End Δ value (%)

Glucose (mg/dl) 91.000 ± 5.621 91.750 ± 6.255
P = 0.573

0.943 ± 5.63

Insulin (μU/ml) 18.212 ± 7.148⁎ 14.156 ± 4.737
P = 0.002⁎⁎

−19.915 ± 1

HOMA-IR 4.219 ± 1.797 3.273 ± 1.419
P = 0.002⁎⁎

−20.913 ± 1

Values expressed by mean ± SD. References values: baseline glycaemia: 70 to 100 mg/dl; base
milliliter.
⁎ Statistical difference between baseline values.
⁎⁎ Statistical difference between baseline vs after therapy values.
⁎⁎⁎ Statistical difference between delta values.
resistance training on cardiometabolic risk in obese women. Therefore,
the most important finding in this clinical approach was to know that
the LLLT associated with physical exercise was effective in reducing
some cardiometabolic risk factors in the analyzed population, including
a reduction on hyperleptinemia state, PAI-1, HOMA-IR, ICAM and vis-
ceral adiposity. LLLT is highly effective to relieve pain, inflammation
and edemaaswell as to prevent death tissue and stimulate tissue regen-
eration, treating different pathologies even in cellulite treatment
[26–28]. But we do not found in the literature clinical studies that
could relate to phototherapy with aerobic plus resistance training spe-
cifically targeting the treatment of obesity and obesity-correlated
disease.

Interdisciplinary intervention (nutrition, psychology, physical
exercise and clinical therapy) has been used with success for obesity
treatment, without the use of the agent pharmacological or surgery
[10,11]. In fact, in our study, the application of lifestyle intervention
was effective in reducing all parameters of body composition,metabolic
profile and inflammatory marks in obese women confirming to be nec-
essary in the union of different professionals working together to treat
obesity.

However, interestingly, the highlight findings of our study demon-
strated that whenwe associated the phototherapy with aerobic plus re-
sistance training intervention in obese women, all the beneficial effects
promoted by lifestyle intervention were potentiated, mainly the im-
provement in inflammatory markers, platelets and HOMA, and besides
it promote greater reduction in the visceral fat and in the percentage
of body fat.

We know that the adipose tissue produces and releases different
hormones, peptides, and cytokines. Thus, this tissue participates
in food intake regulation, in themetabolismof glucose and lipid, inflam-
mation, coagulation, and blood pressure control, may affect cardiovas-
cular function through the mechanism endocrine, paracrine and
autocrine [29]. The increase in size of adipocytes leads to a dysfunction
of adipose tissue that pass to release increased amounts of free fat
acids (FFAs) that inhibit insulin's antilipolytic action and exert pro-
atherogenic effects, contributing to the development of atherosclerosis.
Besides that, these excess of released FFAs establish a paracrine contin-
uous cycle that leads to the development of chronic low-grade inflam-
matory state of the adipose tissue due to the increase in the TNF-α
production and secretion by adipose tissue and macrophages [30,31].
Indeed, enlarged adipose tissue also increases vascular endothelial cell
damage with increase in VCAM-1 and ICAM-1 by endothelium, contrib-
uting for release in pro-inflammatory cytokines [5]. So, obesity is ac-
companied by many adverse health effects for instance hypertension,
insulin resistance, diabetes, dyslipidemia and subclinical inflammation,
all factors leading to atherosclerosis [3,32].

In accordance with recent studies, the phototherapy promotes
photobiomodulation characterized by a change in physiological pro-
cesses inside the tissues triggered by specific wavelengths of light.
Some body systems like circulatory, musculoskeletal and adipose tissue
Phototherapy group

Initial End Δ value (%)

3 93.866 ± 7.586 93.133 ± 7.954
P = 0.476

−0.725 ± 4.099
P = 0.355

3.718 20.192 ± 13.651 12.476 ± 7.644
P = 0.0008⁎⁎

−36.151 ± 9.277
P = 0.0011⁎⁎⁎

4.421 4.683 ± 2.887 2.836 ± 1.701
P = 0.0002⁎⁎

−38.080 ± 9.230
P = 0.00094⁎⁎⁎

line insulin: ≤29.1 uU/ml; HOMA-IR ≤ 2.71. mg/dl: milligram/deciliter, μU/ml: microunits/



Table 4
Effect of LLLT associated aerobic plus resistance training on inflammatory marks.

Placebo group Phototherapy group

Variable Initial End Δ value (%) Initial End Δ value (%)

PAI-1
(ng/ml)

16.77 ± 6.51⁎ 15.24 ± 13.23 −2.148 ± 18.21 24.24 ± 13.24 20.28 ± 10.77
P = 0.05⁎⁎

−14.79 ± 6.48

sICAM-1
(pg/ml)

243.57 ± 47.65 243.28 ± 47.88 −1.7209 ± 8.929 230.0 ± 57.11 206.2 ± 75.57
P = 0.03⁎⁎

−11.911 ± 12.862
P = 0.05⁎⁎⁎

sVCAM-1
(pg/ml)

347.42 ± 103.54 336.0 ± 89.99 2.270 ± 17.513 344.40 ± 38.42 319.0 ± 76.84 −4.040 ± 16.125

Leptina
(ng/ml)

36.949 ± 12.058 35.650 ± 15.657 −4.493 ± 17.905 27.682 ± 8.370 19.767 ± 7.786
P = 0.0039⁎⁎

−28.958 ± 14.722
P = 0.008⁎⁎⁎

Platelet
(K/uL)

292.78 ± 52.99 287.0 ± 50,08
P = 0.01⁎⁎

−1.89 ± 1.66 270.0 ± 22.24 249.80 ± 23.77
P = 0.05⁎⁎

−7.53 ± 2.89
P = 0.00008⁎⁎⁎

Values expressed bymean±SD. Leptin values: between 4.9 and 24 ng/ml for females. PAI-1: plasminogen activator inhibitor, ICAM-1: intracellular adhesionmolecule 1, VCAM-1: vascular
cell adhesion molecule 1, pg/ml: picogram/milliliter and ng/ml: nanogram/milliliter, K/uL:thousands/microliter.
⁎ Statistical difference between baseline values.
⁎⁎ Statistical difference between baseline vs after therapy values.
⁎⁎⁎ Statistical difference between delta values.
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have chromophores (light-absorbingmolecules) that are capable of ab-
sorbing photons, for example hemoglobin, myoglobin, cell membranes
and mitochondria [27,33]. In fact, we observed in the current study
that the LLLT treatment associated with aerobic plus resistance training
promoted improvement in cardiometabolic risk factors in obese
women, first due to the decrease of visceral fat then for the decrease
of inflammatory markers. It is well established in the literature that
chromophores, present in the respiratory chain of the cellular mito-
chondria, including in adipocytes, absorb red and near-infrared pho-
tons, increase of membrane potential, oxygen consumption and ATP
(adenosine triphosphate), a transient rise in ROS (reactive oxygen spe-
cies), and release of NO (nitric oxide) leading to an up regulation's cAMP
(cyclic protein adenosinemonophosphate). The cAMP increased, in turn
activates PKA (protein kinase) and phosphorylates HSL (hormone
sensitive lipase) that cause degradation of TG (triacylglycerol) and di-
glycerides to monoglycerides that are further degraded to fatty acid
(FA) and glycerol [27,34–36]. It also occurs an increase in the catechol-
amine that binds to adrenergic β3 receptors presents in the adipocytes
membranes, triggering a cascade reaction to the degradation of TG into
FFA and glycerol ensuring the supply of lipids as an energy source dur-
ing physical exercise [37].

In this context, other researchers examined benefits of LLLT associat-
ed with physical resistance exercise in lean humans. The authors
Fig. 3. Effects of LLLT on inflammatory
demonstrating that phototherapy reduces lactate levels in the circula-
tion due to increased local microcirculation and consequently increased
in oxygen supply. As a consequence, there is an improvement inmuscle
fatigue, faster recovery of muscle damage and improved performance,
both in humans and animals [34–36,38]. In this context, our research
group demonstrated in exogenous obese rats that the association of
low-level laser therapy (LLLT) plus moderate swimming training pro-
moted decrease in adipocyte area and increase in the energetic demand
and in the mitochondrial oxidative capacity besides greater workload
(data not published).

Thus, we can suggest that aerobic plus resistance training associated
with LLLT had synergistic effects for degradation on TG in adipocytes,
what may explain the great decrease in percentage of fat, mainly in
the visceral fat in our study. These results show us an important finding.
The LLLT associated with aerobic plus resistance training promotes
biomodulation even in the deep fat, in this case represents for visceral
fat, which can diminish the risk to development of cardiovascular dis-
ease in obese women.

In fact, the visceral fat predisposes to atherosclerosis development
since it is a prevalent source of inflammatory cytokine secretion and a
possible reservoir for pro-inflammatory molecules [5]. In these sense,
leptin (an adipose tissue-derived hormone) levels rise with obesity
and correlate strongly with percent body fat. Central obesity (mainly
marks. Differences between delta.

Image of Fig. 3
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the visceral fat), as well as waist and more recently neck circumfer-
ences, all of them are associated to high risk of insulin resistance and
metabolic complications [42–46].

Besides that, both hyperleptinemia and insulin resistance are con-
sidered risk factors for cardiometabolic disease. Due to the leptin role
in regulating blood pressure and activating the sympathetic nervous
system, insulin resistance, platelet aggregation, arterial thrombosis, an-
giogenesis, and inflammatory vascular responses, the leptin has a close
relationship with the development of coronary heart disease, when in
hyperleptinemia state, as our volunteers at the beginning of treatment
[39,47]. Thereby, in this current study, the LLLT associated with aerobic
plus resistance training can auxiliary decrease the cardiometabolic risk
observed in obesity, since this treatment reduce hyperleptinemia state
and insulin resistance measured by HOMA-IR, beyond greater decrease
in waist and neck circumferences compared to a placebo group.

In a recent study, the authors observed that LLLT can modulate the
balance between pro and anti-inflammatory cytokines, both systemical-
ly and peripherally in lean rats [40]. Other study shows that laser irradi-
ation with wavelength of 808 nm, similar with our study, in coronary
artery, results in increase of anti-inflammatory and decrease in the
pro-inflammatory interleukins levels [41]. In fact, we observed in the
current study evidence that LLLT in wavelength of 808 nm promoted,
beyond the effect on the reduction of adipose tissue, a systemic effect
in the modulation of inflammatory process. The LLLT associated with
aerobic plus resistance training decreased PAI-1, ICAM-1, VCAM-1
besides reducing circulating concentrations of leptin and insulin as
discussed above.

These findings are important since in most cases of obesity, individ-
uals have vascular endothelial cell damage that in turn expresses cell
adhesion molecules 1 (CAMs), including ICAM-1 and VCAM-1. Circulat-
ing leukocytes are selective attracting and monocytes chemotactic pro-
tein 1 (MCP-1) are released by endothelial cells that stimulate to recruit
mononuclear cell circulating differentiated into macrophages in the
vesselwall. This development in the local inflammatory responses stim-
ulates other cell types to produce pro-inflammatory cytokines, resulting
in an inflammatory response that magnified beyond the original local
area of endothelial dysfunction [32].

Furthermore, themain inhibitor of fibrinolysis, the PAI-1 (plasmino-
gen inhibitor of fibrinolysis) increase in plasma of the obese individuals
leads to a hyperthrombotic state by hypofibrinolysis, hypercoagulability
and platelets activation that leads to development of atherosclerotic
plaques formation, the main predictor for myocardial infarction [8,9].
Besides that, oxidative stress transforms an anti-atherosclerotic NO-
producing enzyme into pro-atherosclerotic superoxide producing one,
in addition to stimulates the inducible nitric oxide synthase raising the
oxidative stress. Therefore, oxidative stress has been linked to increased
platelet activation, characteristics in many obese individuals [32]. In a
recent review, the authors showed some studies, with rats and humans,
about the effect of the exercise aerobic and/or resistance training on in-
flammation in adipose tissue and endothelial cells, decreasing pro-
inflammatory cytokine expression and increasing anti-inflammatory
protein expression in this tissue [5]. These authors also show that
chronic exercise aswell reduce the number of pro-inflammatorymono-
cytes and increase circulating numbers of regulatory T cells, which re-
lease anti-inflammatory cytokines and reduce chronic inflammation.

In this manner, the biophotomodulation generated by LLLT can
affect the application area, as well as the surrounding regions affect
metabolic changes, generating systemic effects [48]. In accordance
with Novoselova and colleagues [49], the tissue irradiated with low-
power laser produces signaling factors that will circulate into the lym-
phatic system and blood vessels. This way, associated the exercise ef-
fects with the local and systemic effects promoted by LLLT on the
inflammation decreases dramatically the cardiometabolic risk in obese
individuals. Finally, despite this as being a new study that uses new tech-
nologies (laser) aiming to control cardiometabolic disease in obese
women, we were able to show that associated effects of exercise with
LLLT, include the local and systemic improvements, is corroborating
with an improvement in inflammatory state and a substantially decrease
in the cardiometabolic risk factors in these individuals.

In conclusion, the results observed in the present investigation sug-
gest that LLLT associated with aerobic plus resistance training may be a
new therapeutic tool in targeting to optimize the control of cardiomet-
abolic risk factors in obese people.
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