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Abstract Recently, investigations suggest the benefits of
low-level laser (light) therapy (LLLT) in noninvasive treat-
ment of cellulite, improvement of body countering, and con-
trol of lipid profile. However, the underlying key mechanism
for such potential effects associated to aerobic plus resistance
training to reduce body fat and inflammatory process, related
to obesity in women still unclear. The purpose of the present
investigation was to evaluate the effects of combined therapy
of LLLT and aerobic plus resistance training in inflammatory
profile and body composition of obese women. For this study,
it involved 40 obese women with age of 20–40 years. Inclu-
sion criteria were primary obesity and bodymass index (BMI)
greater than 30 kg/m2 and less than 40 kg/m2. The voluntaries

were allocated in two different groups: phototherapy group
and SHAM group. The interventions consisted on physical
exercise training and application of phototherapy (808 nm),
immediately after the physical exercise, with special designed
device. Proinflammatory/anti-inflammatory adipokines were
measured. It was showed that LLLT associated to physical
exercise is more effective than physical exercise alone to in-
crease adiponectin concentration, an anti-inflammatory
adipokine. Also, it showed reduced values of neck circumfer-
ence (cm), insulin concentration (μU/ml), and interleukin-6
(pg/ml) in LLLT group. In conclusion, phototherapy can be
an important tool in the obesity, mostly considering its poten-
tial effects associated to exercise training in attenuating in-
flammation in women, being these results applicable in the
clinical practices to control related risk associated to obesity.

Keywords Phototherapy . Obesity . Adiponectin .

Interlukin-6

Introduction

Nowadays, strong evidence has been found that LLLT is
an important tool in widely clinical applications, includ-
ing esthetic treatments, chronic kidney disease, cancer,
and different branches of regenerative medicine and den-
tistry [1]. Supporting this, it was recently demonstrated
in experimental conditions that LLLT promoted improve-
ment in some metabolic syndrome parameters in rats [2],
although its effects in human obesity are unknown in the
literature.
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Metabolic syndrome is a constellation of metabolic
alterations leading to cardiovascular diseases. In this
way, obesity, mostly considering central and visceral
fat and insulin resistance, has been strongly associated
with the development of metabolic syndrome and car-
diovascular diseases [3, 4]. In addition, the prevalence
of metabolic syndrome in obese people ranges between
30 and 70 % [5, 6] in adolescents and adults, respec-
tively, showing the necessity for new techniques to op-
timize the treatment of metabolic comorbidities. More-
over, the related inflammatory process involved in obe-
sity promotes an increase in the proinflammatory
adipokines and a reduction in the anti-inflammatory
adipokines which are associated with several metabolic
disorders such as type 2 diabetes, obesity, and cardio-
vascular disease [7, 8].

The key inflammatory mediators in obesity are
adiponectin, interleukin-6 (IL-6), and TNF-alpha.
Adiponectin is a 244-amino acid-long protein that is secreted
from adipocytes and has anti-inflammatory and insulin-
sensitizing properties [9]. However, reduced levels of this
adipokine are linked to increased carotid intima-media thick-
ness (cIMT), visceral adiposity, insulin resistance, diabetes,
dyslipidemia, hypertension, hyperleptinemia, cardiovascular
disease, metabolic syndrome, and systemic inflammation
[10].

On the other hand, the members of proinflammatory cyto-
kines, IL-6 and TNF-alpha, are known to be elevated in obe-
sity and its comorbidities [11, 12] and have been accepted as
clinical markers. Additionally, in metabolic syndrome pa-
tients, it is known that both are strong inhibitors of
adiponectin. Nonetheless, weight loss therapies including
physical exercise promote an improvement in the inflamma-
tory biomarkers, showing that an increase in the adiponectin
concentration and a reduction in the interleukin-6 and TNF-
alpha occur [13, 14].

Interestingly, an initial proof-of-concept was previously
shown suggesting that LLLT can be used in some inflamma-
tory diseases to provide a noninvasive and clinical therapeutic
strategy due to photochemical effects that change cellular
functions in irradiated cells; thus, the therapeutic effect is not
thermal [15, 16].

It is well settled in the literature that physical exercise fa-
vors the control of obesity and related inflammatory process-
es, since this kind of strategy leads to a reduction in body
weight, visceral fat, and insulin resistance through an increase
in the lipolysis [17, 18]. However, the association of LLLT
with aerobic plus resistance training in obese women is scarce
in the literature. Therefore, in the present study, it was hypoth-
esized that in obese women, changes in proinflammatory
markers should be compensated by altered anti-
inflammatory markers after treatment with LLLT combined
with aerobic plus resistance training.

Material and methods

Population

For this study, it involved 40 obese women with age of 20–
40 years. Inclusion criteria were primary obesity and body
mass index (BMI) greater than 30 kg/m2 and less than
40 kg/m2. Noninclusion criteria were the use of cortisone,
antiepileptic drugs, history of renal disease, alcohol intake,
smoking, and secondary obesity due to endocrine disorders.

The main reasons for dropout (n=4) in our study were
financial and family problems, followed by job opportunities.
The study was conducted with the principles of the Declara-
tion of Helsinki and was approved by the ethics committee on
research at the Universidade Federal de São Carlos-UFSCar
with the number (237.050), Clinical Trial: 231.286. All pro-
cedures were clear to the volunteers, and it obtained consent
for research. All evaluations were performed at two different
times (baseline and at the end of therapy: after 4 months of
interdisciplinary intervention).

The voluntaries were allocated in two different groups:
phototherapy group and SHAM group. The interventions
consisted in to participate of physical exercise intervention,
and immediately after physical exercises, the voluntaries re-
ceived, individually, the application of phototherapy. The
SHAM group participated the same interventions of photo-
therapy group, although, during the application of photother-
apy, this group did not receive the incidence of laser light. It is
important to note that the voluntaries do not know which
group they belonged (Fig. 1).

Anthropometric measurements

Weight and height were measured for all patients who wore
minimum clothing. After obtaining, the data was calculated
using the BMI by dividing the weight by height squared (kg/
m2). Fat mass (% and kg) and lean mass (% and kg) were
obtained through the Bioelectrical Impedance InBody®.

Serum analysis

Blood samples were collected at the outpatient clinic at ap-
proximately 8:00 A.M. after an overnight fast (12 h). Insulin
resistance was assessed using the homeostasis model
assessment-insulin resistance (HOMA-IR) calculated by the
fasting blood glucose (FBG) and the immunoreactive insulin
(I): [FBG (in milligrams per deciliter)×I (in milliunits per
liter)]/405. The cutoff value determined for Brazilian popula-
tion is HOMA-IR>2.71 for classifying the subjects with insu-
lin resistance [19]. The normal range for insulin is 2.60–
24.90 μU/ml [20]. The adipokines adiponectin (ng/l) and
interleukin-6 (pg/ml) concentrations were measured using a
commercially available multiplex assay (EMD Millipore;
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HMHMAG-34 K). Manufacture-supplied controls were in-
cluded to measure assay variation, and all samples were ana-
lyzed on the same day to minimize day-to-day variation. A
minimum of 100 beads were collected for each analyzed using
a Luminex MagPix System (Austin, Texas), which was cali-
brated and verified prior to sample analysis. Unknown sample
values were calculated offline using Milliplex Analyst Soft-
ware (EMD Millipore) [21].

Descriptive methodology of weight loss therapy

All voluntaries visited the team of health professionals (endo-
crinologist, nutritionist, and physical educator) three times
during the intervention period: (1) baseline (before the partic-
ipation in the physical exercise and LLLT interventions); (2)
after 2 months of participation in the interventions; and (3)
after therapy (in the end of 4 months of interventions). They
monitored and evaluated all clinical exams of voluntaries and
treated health problems during intervention. The medical
follow-up included the initial medical history, and a physical
examination of blood pressure, cardiac frequency, and body
composition were checked.

Physical exercise intervention

Aerobic plus resistance training

During the 4-month period, the voluntaries followed a com-
bined 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. At each training
session, subjects were instructed to invert the order of the
physical exercises, that is, in one session, the individual
started the training session with resistance training, and in
the subsequent session, the same individual started with aero-
bic training. The aerobic training consisted of running on a
motor-driven treadmill (Movement®) at a 50–75 % of cardiac
frequency maximum intensity established by Bruce test
adapted. The resistance training was made recruiting the mus-
cle groups: pectoralis major, quadriceps, back, hamstrings,
calf, deltoid, biceps, triceps, abdomen, and extensor muscles
by performing the following exercises: chest press, leg press,
lat pulldown, hamstring curls, calf raises, military press, arm
curls, bench press, sit ups, and lower back. The first 2 weeks
were used for training adaptation and to learn the movements
(3 sets of 15–20 maximal repetitions [MRs]). The protocol
consisted of weekly changes of the load, divided into weeks
of high loads (6–8 MR), weeks of moderate loads (10–12
MR), and weeks of light loads (15–20 MR). The volunteers
performed 18 sets per session, divided into 3 sets of each
exercise, followed by rest intervals between the series and
exercises: 15–20 MR=45 s, 10–12 MR=1 min, and 6–8
MR=1.5 min of rest. The physical exercise intervention was
based on the guidelines from the American College of Sports
Medicine (ACSM) [22, 23].

Device description

The phototherapy equipment was developed by the Laborato-
ry Technology Support-LAT, Center for Research in Optics

Fig. 1 Diagram of methodology
study
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and Photonics Institute of Physics in São Carlos city at Uni-
versity of São Paulo-USP. The device is composed of four
plates made of rubberized material measuring 20 by 20 cm
each. Each two plates are connected to an electronic control
box. The emitters of Ga-Al-As diode Lasers are distributed in
the plate every 2.5 cm, totaling 16 emitters per plate and 64
emitters in total. The device is illustrated in Fig. 2a, and irra-
diation parameters are in Table 1 [24].

Phototherapy intervention

The application of phototherapy by continuous wave lasers
(808 nm) occurs always at the final of training session. Thus,
in each week, the patients received 3 sessions of phototherapy.
The emitters were arranged perpendicularly to the skin and
were allocated in the anterior region: abdominal and quadri-
ceps simultaneously during 8 min. After this, change the po-
sition to irradiate the posterior region: gluteus and biceps fem-
oral during 8 min, totalizing 16 min of its application (Fig. 2b).

According with the disposition of the emitters, the irradi-
ance per emitter was 6.0 W/cm2. The energy delivered per
session, per point, was 96 J. The diameters of elliptical spot
were 0.3692 cm for horizontal and 0.0582 cm for vertical. The
value of spot area was 0.0169 cm2. The emission and device
parameters are described in Table 1 to become reproducible
conditions.

Statistical analysis

Statistical analysis was performed using the program
STATISTICA version 7.0 for Windows. The adopted

significant value was α<5 %. Data normality was veri-
fied with the Kolmogorov-Smirnov test. Parametric data
were expressed as mean±SD, and nonparametric data
were expressed as median, minimum, and maximum
values. To analyze the effects of intervention and differ-
ence between the groups, it applied ANOVA for repeated
measures (ANOVA two-way) followed by Tukey post
hoc test. The delta values (Δ) were used for the statisti-
cal analysis obtained from the difference between the
after therapy and baseline values for each variable: Δ
variable=after therapy value−baseline value. Comparing
the delta values between the groups was performed by t
test independent by groups to parametric variables and
Mann-Whitney test to nonparametric variables.

Results

In the beginning of interdisciplinary intervention, no statistical
differences were observed between the groups for the vari-
ables: age (years), height (m), weight (kg), BMI (kg/m2), fat
mass (% and kg), lean mass (% and kg), neck circumference
(cm), glucose (mg/dl), insulin (μU/ml), HOMA-IR,
adiponectin (ng/l), IL-6 (pg/ml), adiponectin/IL-6 ratio,
adiponectin/fat mass (kg and %) ratio, and lean mass/fat mass
(kg and %) ratio. These data are important to show that the
groups present in the investigation were paired at the begin-
ning of the study and future alterations could result by the
possible influence of the purpose interdisciplinary therapy in
the study (Table 2).

Fig. 2 a Illustrative of
phototherapy design, b illustrative
regions of phototherapy
application
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Effects of weight loss therapy in the phototherapy group

After 4 months of interdisciplinary intervention associated
with the phototherapy sessions, a reduction was observed in
the phototherapy group in the body mass (kg), BMI (kg/m2),
fat mass (kg and %), neck circumference (cm), insulin (μU/
ml), interleukin-6 (pg/ml) [from 1.11 (0.56–6.8) to 0.56 (0.28–
3.62) p=0.01] and an increase in the lean mass (%),
adiponectin concentration (ng/l) [from 7.01 (2.44–15.14) to
8.44 (5.42–17.14) p=0.00], adiponectin/interleukin-6 ratio,
lean mass/fat mass (kg and %) ratio, and adiponectin/fat mass
(kg and %) ratio. No statistical differences were observed for
the variables lean mass (kg), glucose (mg/dl), and HOMA-IR
(Table 2 and Fig. 3a, b).

Effects of weight loss therapy in the SHAM group

After 4 months of interdisciplinary intervention, a reduction
was observed in the SHAM group in the bodymass (kg), BMI
(kg/m2), fat mass (kg and %), neck circumference (cm), in-
crease in the lean mass (% and kg), and lean mass/fat mass (kg

and %) ratio. No statistical differences were observed for the
variables glucose (mg/dl), insulin (uU/ml), HOMA-IR,
adiponectin (ng/l) [from 6.20 (2.38–16.53) to 5.76 (3.14–
9.22) p=0,86], IL-6 (pg/ml) [from 0.91 (0.28–2.79) to 0.56
(0.28–3.34) p=0.13], and adiponectin/fat mass (kg/%) ratio
(Table 2 and Fig. 3a, b).

Effects of weight loss therapy between the groups

Comparing the delta values between the groups, it was ob-
served that the phototherapy group showed a statistical reduc-
tion in the values of neck circumference (cm) [−2.08±1.49 to
−0.88±1.08; p=0.01], insulin concentration (μU/ml) [−5.72±
3.68 to −1.60±4.05; p=0.00], interleukin-6 (pg/ml) [−0.97
(−4.29–0.76) to −0.20 (−0.81–1.8); p=0.00] compared to
SHAM group. Also, an increase in the adiponectin concentra-
tion (ng/ml) [1.08 (0.04–3.62) to −0.42 (−3.15–2.26); p=
0.03] and adiponectin/fat mass (%) ratio [0.09±0.13 to
0.003±0.04; p=0.05] was shown compared with SHAM
group (Table 3; Figs. 4 and 5a–d).

Discussion

The most important finding in the present investigation is that
we were able to show an increase in adiponectin concentration
associated with a reduction in IL-6 after 20 weeks of treatment
with LLLT associated with aerobic plus resistance training
(Fig. 3a, b). There is strong evidence that demonstrates that
LLLT was effective as a supporting noninvasive tool in the
treatment for the reduction of body measurements and cellu-
lite and improvement of lipid profile [20, 21]. However, the
underlying key mechanism of actions for such potential ef-
fects to reduce body fat and the inflammatory process related
to obesity in women is still unclear.

As we know, adiponectin has a great anti-inflammatory
effect, mediated by an increase in the insulin sensitivity and
improvement of glucose metabolism, providing an
antiatherogenic effect in humans [22, 25]. This is supported
by the present investigation where a significant reduction
in the insulin concentration was only shown in the pho-
totherapy group, suggesting a possible improvement in
insulin sensitivity. However, no changes were observed
in the glucose concentration and HOMA-IR, probably
because the volunteers showed glucose concentration
and insulin levels according to reference values [26].
Nevertheless, this needs to be confirmed in a long-term
therapy using LLLT.

Furthermore, there is a consensus that a state of
hypoadiponectinemia was present in the metabolic syndrome
and obesity population exacerbating the inflammatory process
and increasing cardiovascular risk [22]. It has also been shown
that hypoadiponectinemia was inversely correlated with

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

Radiant energy 96 J

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

These are the characteristics of equipment and wavelength used during
the study. All applications were realized by the same person
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cIMT, an important subclinical surrogate of inflammation,
confirming its key role in atherogenesis [27]. This is substan-
tiated by our results which may support the evidence that
LLLT is an important tool in the inflammatory process related
to obesity since we were able to show a significant increase in
adiponectin concentration in the LLLT group alone; it is

important to note that in the SHAM group, this adipokine
concentration was not changed.

In corroboration, Wu and colleagues [28] recently showed
that human adipose-derived stem cells (hADSCs) expressed
toll-like receptors (TLR) and that lipopolysaccharide (LPS)
increased the production of proinflammatory interleukin-6

Table 2 Effects of aerobic plus resistance training associate with phototherapy in body composition and inflammatory biomarkers in obese adults

Phototherapy group SHAM group

Baseline After therapy p # Baseline After therapy p # p *

Age (years) 33.06±4.72 ― ― 34.33±4.95 ― ― ―

Height (m) 1.66±0.07 1.66±0.07 ― 1.62±0.05 1.62±0.04 ― ―

Body mass (kg) 96.60±11.36 91.86±13.20 0.00 90.73±11.25 86.74±11.05 0.00 0.80

BMI (kg/m2) 34.35 (29.13–42.18) 31.67 (27.47–38.28) 0.00 34.19 (29.76–40.31) 33.03 (0–40.23) 0.00 0.99

Fat mass (%) 40.12±3.14 37.77±3.44 0.00 40.42±2.97 38.07±3.37 0.00 0.97

Fat mass (kg) 38.92±6.92 36.30±6.90 0.00 36.44±7.40 33.88±7.41 0.00 0.78

Lean mass (%) 59.88±3.14 63.70±6.90 0.01 59.57±2.97 66.11±7.42 0.00 0.87

Lean mass (kg) 57.52±5.42 56.44±5.31 0.08 54.03±4.44 53.35±4.29 0.02 0.56

Neck circumference (cm) 37.51±2.97 36.21±2.01 0.00 36.92±2.08 36.22±2.04 0.04 1.00

Glucose (mg/dl) 91.47±8.69 93.06±6.63 0.77 92.67±7.89 93.89±10.89 0.87 0.99

Insulin (μU/ml) 16.90±5.61 11.34±4.17 0.01 16.69±6.26 14.3±6.89 0.39 0.97

HOMA-IR 3.72±1.77 2.99±1.67 0.42 3.87±1.62 3.04±1.54 0.31 0.99

Adiponectin/IL-6 ratio 6.08±5.28 16.47±12.29 0.01 9.15±7.83 11.41±6.88 0.65 0.95

Adiponectin/fat mass (kg) ratio 0.19±0.09 0.31±0.15 0.00 0.19±0.10 0.16±0.05 0.99 0.16

Adiponectin/fat mass (%) ratio 0.19±0.08 0.27±0.13 0.00 0.16±0.08 0.14±0.04 0.99 0.92

Lean mass/fat mass (kg) ratio 1.5±0.19 1.61±0.24 0.00 1.52±0.21 1.65±0.23 0.00 0.98

lean mass/fat mass (%) ratio 1.5±0.19 1.71±0.31 0.00 1.48±0.18 1.76±0.34 0.00 0.95

HOMA-IR homeostasis model assessment-insulin resistance, IL-6 interleukin-6

Statistical significance p<0.05
# Statistical differences are related to comparison of baseline vs after therapy values in the same group
* Statistical differences are related to comparison of after therapy values between the groups

Fig. 3 Effects of interdisciplinary weight loss therapy in both groups. a Adiponectin, b Interleukin-6. *Statistical difference
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(IL-6). On the other hand, it was proposed that LLLT mark-
edly inhibited LPS induction, corroborating the reduction in
the expression of proinflammatory cytokines. In fact, LLLT
promoted a reduction in IL-1β, IL-6, and TNF-α in experi-
mental studies [29, 30]. Some mechanisms are proposed to
explain the LLLT action; one is based on the production of
transient pores in adipocytes which stimulates lipolysis. Fur-
thermore, it has been suggested that LLLT activates a cascade
of activities, which could cause the induction of adipocyte
apoptosis leading to a release of lipids [31].

Interestingly, it has been shown that the application of pho-
totherapy can promote biochemical adaptation of the mito-
chondria with changes in the redox state, leading to a

conversion of electromagnetic to biochemical energy and con-
sequently increasing the oxygen binding, production of ATP,
respiration rate, and formation of giant mitochondria [32, 33].
Also, LLLT may activate enzymatic processes in cells to im-
prove metabolism and lipid profile [16, 34]. Recent evidence
in experimental investigations suggests that LLLT promotes
skeletal muscle regeneration by reducing the duration of acute
inflammation and accelerating tissue repair. This would hap-
pen through modulated cytokine expression during short-term
muscle remodeling, inducing a decrease in TNF-α, TGF-β,
and IL-1β without cytotoxic effects [29, 30].

Our results support these findings since the significant re-
duction in IL-6 was only observed in the phototherapy group
compared with the SHAM group. These results confirm our
hypothesis that LLLT can modulate a cascade of reactions to
change body homeostasis leading to better association be-
tween proinflammatory/anti-inflammatory adipokines, im-
proving health in obese women. LLLT also acts on the
markers of oxidative stress, such as protein carbonyls and
superoxide dismutase [35, 36], in addition to yielding clinical
signs of improvement, delayed muscle fatigue, and improved
physical performance [36–39]. Corroborating this, it is known
that IL-6 is an important interleukin produced by myocytes to
improve muscle repair, and its production is stimulated by
resistance training [36]. In fact, it was recently suggested that
LLLT in conjunction with aerobic trainingmay provide a ther-
apeutic approach to intensely reduce proinflammatory
markers in an experimental study, including a reduction in
IL-6 and TNF-alpha. However, LLLT without exercise was
not able to improve physical performance in elderly animals
[36].

Altogether, these results reinforce the potential effects of
LLLT associated with combined training to promote some
amelioration in the inflammatory process related to obesity
in both animals and humans. Corroborating these findings,

Table 3 Comparison of magnitude effects of therapy between groups

Phototherapy
group

SHAM
group

p#

Body mass (kg) −4.60±3.083 −5.72±2.43 0.27

BMI (kg/m2) −1.9±1.02 −1.99±1.05 0.81

Fat mass (%) −2.1±1.51 −2.26±1.22 0.73

Fat mass (kg) −3.52±2.18 −3.94±1.97 0.57

Lean mass (%) 3.94±4.65 6.16±5.04 0.21

Lean mass (kg) −0.92±1.75 −1.21±1.21 0.58

Glucose (mg/dl) 1.59±5.75 1.22±7.63 0.87

HOMA-IR −0.73±2.43 −0.82±1.26 0.29

Adiponectin/IL-6 ratio 12.69±12.51 2.96±8.37 0.07

Adiponectin/fat mass (kg) ratio 0.04±0.10 0.004±0.04 0.22

Lean mass/fat mass (kg) ratio 0.13±0.11 0.14±0.10 0.67

Lean mass/fat mass (%) ratio 0.20±0.18 0.25±0.19 0.46

HOMA-IR homeostasis model assessment-insulin resistance, IL-6 inter-
leukin-6

Statistical significance p<0.05
# Statistical differences are related to comparison between the groups

Fig. 4 Comparative effects of interdisciplinary weight loss therapy both groups. Adiponectin/fat mass (%) ratio. Delta value; *statistical difference
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in the present study, we observed an increase in adiponectin
concentration, a reduction in IL-6 and insulinemia, and a sig-
nificant improvement in the adiponectin/interleukin-6 ratio,
important markers of inflammatory state only in the photo-
therapy group.

Additionally, we were able to show an increase in the
adiponectin/fat mass (kg and %) ratio in the phototherapy
group. In fact, results published in the current year suggest
that the use of LLLT may enhance cellular homeostasis, pro-
moting an increase in the concentration of activemitochondria
in irradiated cells through an upregulation of the genes in-
volved in the mitochondrial complexes [40, 41]. In addition,
physical exercise promotes biochemical and structural chang-
es in the mitochondria [42]. Collectively, these results might
suggest the hypothesis that phototherapy may help enhance
the effects of physical exercise training proposed in the pres-
ent investigation. The exact mechanisms of action following
LLLT are not yet well understood; however, it has been

proposed that the chronic application of LLLT can activate
or inhibit enzymes. In this context, it was previously sug-
gested that LLLT intensifies the transfer of electrons within
cytochrome-c oxidase by making more electrons available.
Thus, it may accelerate oxidative metabolism leading to an
increase in ATP synthesis [43].

There has been a recent discovery of irisin which is pre-
dominantly secreted by muscle tissue acting as an endocrine
organ in response to physical exercise. During physical exer-
cise, peroxisome proliferator-activated receptor coactivator
1α (PGC1α) is activated, inducing the release of fibronectin
domain-containing protein 5 (FNDC5) which is then cleaved
to irisin. This hormone may improve the transdifferentiation
of white adipocyte to beige and brown, in both white and
brown adipose tissues, by enhancing the lipid mobilization
and activating the uncoupling protein 1 (UCP1) in mitochon-
dria, resulting in the synthesis of adenosine triphosphate
(ATP) and the dissipation of energy in the form of heat. This

Fig. 5 Comparative effects of interdisciplinary weight loss therapy both groups. a Neck circumference, b insulin, c adiponectin, d interleukin-6. Delta
values; *statistical difference
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process could promote reductions in body weight and im-
provements in metabolic profile, suggesting that irisin could
be a possible novel treatment for diabetes and obesity [44].
Therefore, it is possible to hypothesize that the combination of
LLLT associated with combined exercise in the present study
may accentuate the response in the control of fat mass corre-
spondent to a reduction in the inflammatory state, since we
were able to show an increase in the adiponectin/fat mass (%
and kg) in the phototherapy group. However, this needs to be
confirmed in future research with a focus on investigations
into the possible influences of LLLT intervention in the
transdifferentiation process of white adipocyte to beige and
brown associated with exercise training.

Our findings present some limitations, including the ab-
sence of experiments with different kinds of laser irradiation.
The effects of laser irradiation are highly dependent on char-
acteristics such as wavelength, power density, and fluency
[40, 45–47].

However, to our knowledge, the current study is the first
investigation to show that LLLT improves the inflammatory
process related to obesity in obese women, particularly by
promoting a reduction in the proinflammatory IL-6 and an
increase in the anti-inflammatory adiponectin, adiponectin/
interleuckin-6, and adiponectin/fat mass ratio (kg and %). In
addition, the LLLT showed higher changes in the control of
neck circumference compared with the SHAM group. Inter-
estingly, it was recently suggested that there is growing evi-
dence that neck circumference is considered an interesting
marker of inflammation and cardiovascular diseases [48,
49]. Nevertheless, it is important to note that in both analyzed
groups, the BMI, body mass, and body fat presented similar
changes, considering delta values after 20 weeks of LLLT
associated with physical exercise training.

Finally, there are a limited number of clinical studies with
the application of LLLT in obesity. However, a number of
clinical applications have been found for the lasers in a variety
of medical specialties [33]. Therefore, this needs to be con-
firmed in a large cohort study of the obesity population.

Conclusions

In the present investigation, we were able to show that the
association of physical exercise training with low-level laser
(light) therapy applied in obese women during a 4-month pe-
riod promotes an improvement in the inflammatory frame-
work and body composition. These are important results that
suggest that phototherapy can be an important tool in the
treatment of obesity, principally considering its potential ef-
fects associated with physical exercise training in attenuating
inflammation in women, and as such, these results are appli-
cable in the clinical practices to control the related risks asso-
ciated with obesity.
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