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Introduction

Excess body weight is a public health problem both in Brazil and 
worldwide, causing overweight and obesity, which is called chronic 
subclinical in�ammatory disease [1]. As the main characteristic, the 
increase in body weight brings with it an increase in total body fat, 
especially visceral fat, responsible for the emergence of numerous 
diseases called comorbidities [2,3]. �us, conditions such as severe 
changes in the lipid pro�le, insulin resistance, type 2 diabetes mellitus 
and cardiovascular diseases are some of the diseases that occur through 
the in�ammatory process resulting from the increase in body weight 
[4,5].

Currently, treatments for non-pharmacological and non-invasive 
conditions are aimed at a negative energy balance, where through the 
use of the most diverse physical exercise protocols, aiming at caloric 
expenditure and the use of nutritional education, allowing the reduction 
of excessive caloric intake [2,6-8], it is possible to reduce body weight. 
Over the years, our research group has carried out several studies that 
have made it possible to transfer knowledge from experimental studies 
[9-12] to clinical studies [6,8,13-18], establishing not only as viable, but 
a concrete possibility of associating traditional non-pharmacological 
therapy (exercise and nutrition) with photobiomodulation technology, 
enhancing the metabolic action to reduce body fat. In this context, it 
was found that the association of photobiomodulation with traditional 
non-pharmacological and non-invasive therapies allows a reduction in 
anthropometric parameters such as body weight, total and visceral fat, 
as well as an improvement in the lipid pro�le, glycemic and insulin 
status, thus reversing dyslipidemia, liver disorders and thus reducing 
cardiovascular risks [6,8-18].

�e aim of this study was to evaluate the action of 
photobiomodulation in a patient undergoing 8 weeks of traditional 
therapy (exercise+nutrition) and 8 weeks undergoing traditional 

therapy associated with photobiomodulation (exercise+nutrition+ph
otobiomodulation), evaluating anthropometric data, lipid pro�le and 
glycemic/insulin pro�le, thus allowing to assess the action of light on 
the patient’s metabolic evolution.

Materials and Methods

Ethics and Volunteer: �is study was carried out by the Institute 
of Physics of São Carlos, University of São Paulo and approved by 
ethics committee on human research at Federal University of São 
Carlos - UFSCar C.A.A.E 13956313.7.0000.5504 and Clinical Trials.gov 
(231,286). For the study, an obese man was selected. Inclusion criteria 
were: body mass index between 30 and 40 kg/m2, aged between 20 and 
40 years old. Exclusion criteria were: use of cortisone, anti-epileptic 
drugs, history of kidney disease, alcohol consumption, smoking. �e 
study had two phases: Phase 1 - period of 8 weeks, where the volunteer 
was submitted to nutritional re-education action and a physical 
exercise program. Phase 2 - period of 8 weeks, where the volunteer was 
submitted to nutritional reeducation action, physical exercise program 
and photobiomodulation. Between the phases, there was an interval of 
30 days. At each stage of treatment, evaluations were carried out in two 
stages, the initial stage and the �nal stage.

Physical Exercise Program: �e exercise protocol de�ned for the 
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resistance exercises (30 minutes), lasting 8 weeks, 3 times a week, with Nutritional Intervention. The photobiomodulation 
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(gluteus and biceps femoris) for 8 minutes per region. Comparison results of traditional versus combined therapy show 
respectively: body metabolic rate 0.54 and 5.38 body weight -4.8 kg and -8.8 kg, body fat 3.53% and 9.02%, Total fat 
8.86% and 20.3%, visceral fat 1.27% and 17.8%, trunk fat 0.79% and 17.6%, right arm fat 12.5%   and 37.1%, left arm 
�I�D�W���������������D�Q�G�����������������U�L�J�K�W���O�H�J���I�D�W���������������D�Q�G�����������������O�H�I�W���O�H�J���I�D�W���R�I���������������D�Q�G�����������������7�K�H���O�L�S�L�G�����J�O�\�F�H�P�L�F���L�Q�V�X�O�L�Q���S�U�R�¿�O�H��
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when observing the combined action of photobiomodulation with traditional therapy in relation to the singular action 
of traditional therapy, allowing that in a period of only 8 weeks it is possible to restore the quality of life of the patient. 
patient, in a non-pharmacological and non-invasive way.
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study included aerobic exercises (30 minutes) and resistance exercises 
(30 minutes), lasting 8 weeks, 3 times a week. Aerobic exercise was 
performed on a treadmill (Pro Fitness AP8500 Plus), with maximum 
heart rate intensity between 70 and 85% (previously established in a 
submaximal test on a treadmill). Resistance training was performed 
by performing speci�c exercises for the main muscle groups: bench 
press (Biceps, Triceps, Pectorals Major and Rectus Abdominals), 
lat pull-down (Biceps, Teres Major and Latissimus Dorsi), Straight-
Bar Cable Curl (Biceps), triceps pushdowns (Triceps), hamstring 
curls (Semitendinosus, Biceps Femoris and Semimembranosus), calf 
raises (Gastrocnemius), leg presses and sit-ups (Gluteus Maximus, 
Quadriceps Femoris, and Gastrocnemius). In each session, there was 
a progressive adjustment of the training loads, according to individual 
capacity, using the inversion of volume and system intensity in relation 
to number of repetitions, ranging from 6, 12 and 20 repetitions in 
three sets and conducted using maximal repetitions (Rm) [10.23.27]. 
�is model of training was conducted based on the guidelines of the 
American College of Sports Medicine [7].

Nutritional Intervention: Nutritional lectures were held to 
adjust caloric intake, as well as not to drink alcoholic beverages. �e 
assessment of usual food consumption was performed through a three-
day food record and analyzed via AVANUTRI so�ware.

Photobiomodulation: �e action of photobiomodulation was 
always performed a�er physical exercise sessions. �e laser emitters 
were �xed perpendicularly to the skin and positioned in the anterior and 
posterior region for 8 minutes per region, being in the anterior region 
(abdominal and quadriceps) and in the posterior region (gluteus and 
biceps femoris). �e parameters used were: Ga-Al-As Semiconductor 
Diode Laser, wavelength 808 nm, 64 emitters in 4 plates (16 emitters 
per plate), diameter of spot in horizontal 0.3692 cm/vertical 0.0582 
cm, area of spot of 0.0169 m2, output power of 100 mW, irradiance of 
6.0 W/cm2, radiant energy 96J, total radiant energy delivered 147,456J 
(all 24 sessions, 3 times per week). To minimize the psychological bias, 
the transmitters were turned o� in phase 1 and turned on in phase 2, 
without the patient’s knowledge.

Anthropometry and body composition: �e voluntary was 
weighed and height measurements obtained (light clothes and 
no shoes) using an electronic scale. �e body composition and 
anthropometrics parameters used in this study were: body mass (kg), 
body mass index (kg/m2), lean muscle mass (kg), total skeletal muscle 
mass (kg), Basal metabolic rate (kcal), body activity rate (kcal), total fat 
mass (kg), percentage of fat (%), fat mass of right arm (kg), fat mass 
of le� arm (kg), fat mass of trunk (kg), fat mass of right leg (kg), fat 
mass of le� leg (kg), visceral body fat (cm2). We used the bioelectrical 
impedance analysis (BIA) device to measure the change in impedance 
in body tissues by sending detectable electrical signals through the 
body. �e BIA device use this is study was the In Body 720 (Biospace 
Co. Ltd.; Seul, Korea), which uses six frequencies (1,5,50,250,500 and 
1,000 kHz). �e body mass index (BMI) was calculated by body mass 
(Kg) dividing stature (m2).

Serum Analysis: �e blood samples were collected a�er 12 
hours overnight. �e concentrations of glucose, insulin, lipid pro�le 
were analyzed with methods for in vitro diagnostic, speci�c for each 
measurement, performed in the specialized clinical laboratory. Insulin 
sensitivity was assessed using the homeostasis model assessment IR 
(insulin resistance) index (HOMA-IR). 

Body Metabolic Progress and Delta (�): �e development of a 
quanti�cation method to measure the metabolis through the action 

of a certain therapy transcends only the use of the basal metabolic 
rate. �us, the use of bioelectrical bio impedance, body mass (kg), 
skeletal muscle mass (kg) and basal metabolic rate (kcal) variables 
were organized in order to allow a more accurate analysis of body 
metabolic progress. �us, as the basal metabolic rate is considered the 
basal amount of calories for the maintenance of basal body functions 
and skeletal muscle, in na amount and functionality, determining the 
variation of the basal metabolic rate [6], we propose: 

“Body metabolic progress (kcal)=[body mass (kg)/basal metabolic 
rate (kcal)] × skeletal muscle mass (kg)” 

In addition, as a way to normalize the data, a percentage form of 
Delta [6] was used, expressed in:

“Delta Value (�)=(Initial value - Final value) / Initial value × (100)” 

Results

Table 1 shows the muscle and metabolic body composition 
variables, compared in the periods involving traditional therapies 
(Exercise+Nutrition) and those associated with Photobiomodulation 
(Exercise+Nutrition+Photobiomodulation). We observed in the 
period of traditional therapies the increase (delta) of the variables 
Skeletal Mass Muscle (1.5), Body Metabolic Rate (0.54) and Body 
Metabolic Progress (5.38), while in the period when it was associated 
with photobiomodulation, we observed the variables Skeletal Mass 
Muscle (-0.91), Body Metabolic Rate (-0.98) and Body Metabolic 
Progress (6.52).

Figure 1 shows the evolution of body weight in the 8-week periods 
involving the action of exercise+nutrition in relation to the 8-week 
period involving the action of exercise+nutrition+ photobiomodulation. 
�e reduction in the �rst period (-4.8 kg) in relation to the reduction in 
the second period (-8.8 kg) is shown.

Table 2 represents the reduction in body, total fat depots and limbs, 
comparing the period of treatment without the action of light in relation 
to the period composed by the association of photobiomodulation. �e 
comparison shows percentage reductions in body fat of 3.53% and 
9.02%, Total fat of 8.86% and 20.3%, visceral fat of 1.27% and 17.8%, 
and trunk fat 0.79% and 17.6%, right arm fat of 12.5% and 37.1%, le� 
arm fat of 14.6% and 37.1%, right leg fat of 13.2% and 21.6% and in the 
le� leg fat of 13.4% and 23.7%, respectively for the intervention period 
that includes exercise + nutrition therapies and exercise +nutrition and 
photobiomodulation therapies.

Figure 2 shows the evolution of the patient’s total fat over the 
two intervention periods. It is possible to observe that in the period 
that involved the traditional therapies there was a reduction of -4.3 
kg of fat and that in the period that there was the association of 
photobiomodulation, there was a reduction of -8.2 kg of fat.

Figure 3 illustrates the evolution of total visceral fat in the 
periods of traditional therapy (exercise + nutrition) and association of 
photobiomodulation (exercise + nutrition + photobiomodulation). A 
brief increase in the period without the use of photobiomodulation is 
observed, of 2.5 cm2, while in the period of 8 weeks with the use of 
photobiomodulation, there was a reduction of 128.6 cm2.

Table 3 shows the variation in lipid, insulin and glucose pro�les 
when comparing the periods of traditional therapy (exercise + 
nutrition) and traditional therapy associated with photobiomodulation. 
It is possible to observe in the delta of lipid pro�le, the variations of 
total cholesterol -16.89 and -56.78, HDL-c -2.27 and -47.06, LDL-c 
-19.77 and -67.65, VLDL -38.89 and -31.25 and triglycerides -35.16 
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Exercise + Nutrition Exercise + Nutrition + Photobiomodulation
Initial Final �û Initial Final �û

Skeletal Mass Muscle (kg) 32.7 33.2 1.5 33.2 32.9 -0.91
Body Metabolic Rate (Kcal) 1634 1643 0.54 1644 1628 -0.98

Body Metabolic Progress (kcal) 480.07 507.42 5.38 507.26 542.67 6.52
Table 1- Comparative of 2 intervention model (exercise + nutrition versus exercise + nutrition + photobiomodulation). The absolute values of skeletal Mass Muscle (kg), 
�E�R�G�\���P�H�W�D�E�R�O�L�F���U�D�W�H�����N�F�D�O�����D�Q�G���E�R�G�\���P�H�W�D�E�R�O�L�F���S�U�R�J�U�H�V�V�����N�F�D�O�����L�Q���L�Q�L�W�L�D�O���W�L�P�H�����¿�Q�D�O���W�L�P�H���D�Q�G���G�H�O�W�D�����û����

Table 1�����&�R�P�S�D�U�D�W�L�Y�H���R�I���E�R�G�\���P�X�V�F�O�H���D�Q�G���P�H�W�D�E�R�O�L�F���F�R�P�S�R�V�L�W�L�R�Q���L�Q���G�L�‡�H�U�H�Q�W���S�H�U�L�R�G���R�I���W�U�H�D�W�P�H�Q�W��

Exercise + Nutrition Exercise + Nutrition +
Photobiomodulation

Body Weight Fat -3.53 -9.02
Total Fat -8.86 -20.3

Visceral Fat -1.27 -17.8
Trunk Fat -0.79 -17.6

Right Arm Fat -12.5 -37.1
Left Arm Fat -14.6 -37.1
Right Leg Fat -13.2 -21.6
Left Leg Fat -13.4 -23.7

Table 2���&�R�P�S�D�U�D�W�L�Y�H���R�I�������L�Q�W�H�U�Y�H�Q�W�L�R�Q���P�R�G�H�O�����H�[�H�U�F�L�V�H�������Q�X�W�U�L�W�L�R�Q���Y�H�U�V�X�V���H�[�H�U�F�L�V�H�������Q�X�W�U�L�W�L�R�Q�������S�K�R�W�R�E�L�R�P�R�G�X�O�D�W�L�R�Q�������7�K�H���Y�D�O�X�H�V���D�U�H���H�[�S�U�H�V�V�H�G���L�Q���G�H�O�W�D�����û����

Table 2: Comparison of fat reduction between traditional therapy and the associated use of photobiomodulation in 8-week period.

Figure 1: Comparative of 2 intervention model (exercise + nutrition versus exercise + nutrition + photobiomodulation). The absolute values of body total (kg) showed 
�L�Q���H�Y�R�O�X�W�L�R�Q���V�L�Q�F�H���L�Q�L�W�L�D�O���W�L�P�H���W�R���¿�Q�D�O���W�L�P�H��

Figure 2: Comparative of 2 intervention model (exercise + nutrition versus exercise + nutrition + photobiomodulation). The absolute values of total total (kg) showed 
�L�Q���H�Y�R�O�X�W�L�R�Q���V�L�Q�F�H���L�Q�L�W�L�D�O���W�L�P�H���W�R���¿�Q�D�O���W�L�P�H��
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Figure 3: Comparative of 2 intervention model (exercise + nutrition versus exercise + nutrition + photobiomodulation). The absolute values of total visceral fat (cm2) 
�V�K�R�Z�H�G���L�Q���H�Y�R�O�X�W�L�R�Q���V�L�Q�F�H���L�Q�L�W�L�D�O���W�L�P�H���W�R���¿�Q�D�O���W�L�P�H��

Exercise + Nutrition Exercise + Nutrition + Photobiomodulation
Initial Final �û Initial Final �û

Total Cholesterol (mg/dL) 173 148 -16.89 185 118 -56.78
HDL-c (mg/dL) 45 34 -2.27 50 34 -47.06
LDL-c (mg/dL) 103 86 -19.77 114 68 -67.65
VLDL (mg/dL) 25 18 -38.89 21 16 -31.25

Triglycerides (mg/dL) 123 91 -35.16 105 80 -31.25
Insulin (uU/ml) 14.7 8.9 -65.17 10.6 8 -32.5

Blood Glucose (mg/dL) 89 92 3.26 88 75 -17.3
Table 3- Comparative of 2 intervention model (exercise + nutrition versus exercise + nutrition + photobiomodulation). The absolute values of Total Cholesterol (mg/dL), 

�+�'�/���F�����P�J���G�/�������/�'�/���F���P�J���G�/�������9�/�'�/�����P�J���G�/�������W�U�L�J�O�\�F�H�U�L�G�H�V�����P�J���G�/�������,�Q�V�X�O�L�Q�����X�8���P�O�����D�Q�G���E�O�R�R�G���J�O�X�F�R�V�H�����P�J���G�/�����L�Q���L�Q�L�W�L�D�O���W�L�P�H�����¿�Q�D�O���W�L�P�H���D�Q�G���G�H�O�W�D�����û����

Table 3:���&�R�P�S�D�U�L�V�R�Q���R�I���O�L�S�L�G���S�U�R�¿�O�H�����L�Q�V�X�O�L�Q���D�Q�G���J�O�X�F�R�V�H���L�Q���G�L�‡�H�U�H�Q�W���S�H�U�L�R�G�V���R�I���W�U�H�D�W�P�H�Q�W��

Exercise + Nutrition Exercise + Nutrition + Photobiomodulation
Initial Final �û Initial Final �û

Intracellular water (L) 26.6 27 1.48 27 26.7 -1.12
Extracellular water (L) 16.3 16.1 -1.24 16.2 15,8 -2.53

Total water (L) 42.9 43.1 0.46 43.2 42.5 -1.64
Table 4- Comparative of 2 intervention model (exercise + nutrition versus exercise + nutrition + photobiomodulation). The absolute values of Intracellular water (L), 

�(�[�W�U�D�F�H�O�O�X�O�D�U���Z�D�W�H�U�����/�����D�Q�G���7�R�W�D�O���Z�D�W�H�U�����/�����L�Q���L�Q�L�W�L�D�O���W�L�P�H�����¿�Q�D�O���W�L�P�H���D�Q�G���G�H�O�W�D�����û����

Table 4�����&�R�P�S�D�U�L�V�R�Q���R�I���L�Q�W�U�D�F�H�O�O�X�O�D�U���Z�D�W�H�U�����H�[�W�U�D�F�H�O�O�X�O�D�U���Z�D�W�H�U���D�Q�G���W�R�W�D�O���Z�D�W�H�U���L�Q���G�L�‡�H�U�H�Q�W���S�H�U�L�R�G�V���R�I���W�U�H�D�W�P�H�Q�W��

and - 31.25, respectively for the 8-week period of traditional therapy 
and traditional therapy associated with photobiomodulation. When we 
look at insulin and blood glucose, the variations show a delta of -65.17 
and -32.5 for insulin and 3.26 and -31.25 for blood glucose, respectively 
for the exercise+nutrition versus exercise+nutrition+photobiomodula
tion periods.

Table 4 provides a comparison between the water, intracellular, 
extracellular and total contents, in the period of 8 weeks where the 
patient was submitted to the traditional exercise + nutrition therapy 
and in the period of 8 weeks where the patient was submitted to the 
protocol that covered exercise + nutrition + photobiomodulation. It is 
possible to observe the reduction of variables when observing traditional 
therapy in relation to therapy associated with photobiomodulation, 
with the reduction of delta values for intracellular water 1.48 and 
-1.12, extracellular water -.124 and -2.53, and total water 0.46 and - 
1.64, respectively for traditional therapy versus therapy associated with 
photobiomodulation.

Discussion

�e constant increase in obesity cases in the world [2,3,19] 
conditions the need for new non-invasive and non-pharmacological 
methods that allow the process of weight loss in a more optimized way, 
without harming health and, therefore, a healthy return to quality of 
life.

�e action of photobiomodulation, whether by the use of lasers or 
LEDs, is well de�ned and established in the literature [20-22] for the 
most diverse therapeutic actions and treatments of diseases [23-27] 
among them metabolic rehabilitation for weight loss [6,9,11,15-18]. 
In the latter, studies point to increased metabolism, measured via the 
Citrate Synthase enzyme [10], allowing for an increase in metabolic 
demand.

Our present study shows the positive action of photobiomodulation 
on metabolism (Table 1), allowing the body metabolic progress (BMP) 
[6] to show comparison values   between traditional therapy (5.38) and 
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combined therapy with photobiomodulation (6.52), clearly pointing to 
a more active metabolism when associated with photobiomodulation. 
�is statement is corroborated by the results of higher values   found 
with the Citrate Synthase enzyme in rats submitted to the exercise and 
photobiomodulation protocol, showing positive the combined action 
of exercise and photobiomodulation in an animal model [9-12]. �e 
body Metabolic Progress (BMP) proves to be reliable since the variation 
seems more adequate due to the fact that the variables body weight, 
basal metabolic rate and skeletal muscle mass are directly interlinked 
[6]. �us, due to the possibility of greater production of ATP, 
promoted by the combined action between traditional therapy and 
photobiomodulation, the evolution of body weight shown in Figure 1 
shows the reduction of 4 kg of extra fat, when compared to the period 
of traditional therapy, showing a more intense metabolic demand for 
energy substrate. �e same results are observed in experimental [10] 
and clinical [6,15-18] studies. It is possible to observe the various 
fat deposits being more intensely reduced when analyzing table 2, 
showing that visceral fat is directly reduced, which directly impacts the 
emergence of diseases associated with overweight and obesity [2.28]. 
Figure 2 shows the evolution of total body fat reduction, showing the 
reduction obtained during the traditional therapy period associated 
with -4.3 kg photobiomodulation in relation to the traditional therapy 
intervention time period. �is result is also con�rmed experimentally 
[9, 10] and clinically [6,15,16] in previous studies from our group.

�e due importance in the observation of �gure 3 is due to 
the marked reduction of visceral fat when the combined action of 
photobiomodulation is used, obtaining approximately 14.5% greater 
reduction. �is result is in line with the reduction in visceral fat shown 
in Table 2, but allows the monitoring of evolution over time. Its 
reduction makes it possible to envision an easier control of diseases 
directly linked to the increase in visceral fat, such as type 2 diabetes 
mellitus or even allow for a reduction in the risk of cardiovascular 
diseases [2,28].

�e constant need for energetic substrate primarily impacts the 
levels of serum lipids [9,15,16], with the greatest reduction being 
directly pointed out in table 3, when observing the values of the action 
conjugated with photobiomodulation. �ese reduction values are 
supported by the greater metabolic demand, being metabolized [6,9]. 
In this process, lipases are modulated [29], promoting the hydrolysis 
of the triglyceride molecule, providing free fatty acid and glycerol, 
which are then metabolized via beta-oxidation/re-esteri�cation into 
VLDL and via gluconeogenesis, forming hepatic and muscle glycogen 
[6, 9,10]. Still, the reduction in insulin and blood glucose values are a 
re�ection of the high energy demand and the high reduction in visceral 
fat, a factor directly related to insulin variations [6].

�us, as a consolidated hypothesis in previous studies, the action 
of laser or LED as a photobiomodulator e�ect causes the modulation 
of the hormone-sensitive lipase enzymes and lipoprotein lipase 
[29], allowing the hydrolysis of triglyceride molecules, both in the 
circulating environment and stored in fat deposits in adipocytes 
[6,9,10]. It is believed that, �rstly, the circulating environment 
(circulating lipids) is a�ected, with the subsequent need for action in 
the intracellular environment (lipids stored in adipocytes), to absorb 
the metabolic demand established due to the energy consumption 
promoted by the combined action between the traditional therapy 
and photobiomodulation, positively in�uencing the krebs cycle. �us, 
triglyceride molecules are metabolized via beta-oxidation, generating 
Acetyl-CoA, allowing action via the Krebs cycle or re-esteri�ed in VLDL. 
Glycerol, in turn, is taken to the gluconeogenesis pathway, promoting 
the formation of hepatic and muscle glycogen, corroborated by [6] and 

[9], in an experimental and clinical environment, respectively. �us, 
the reduction of fat deposits are markedly reduced, as observed in the 
present study and previous studies [6,9,10,15,16]. 

�e reduction of aqueous, intracellular, extracellular and total 
media (Table 4), points to a framework of systemic organic homeostasis, 
strengthened by the use of intracellular water in reaction of the electron 
transport chain, due to the greater metabolic demand and energy 
production due to exercise synergy and photobiomodulation [20,21]. 
Furthermore, the increased regulation provides greater extracellular 
and total water regulation in these media [30]. �us, the metabolic 
rehabilitation promoted by the synergy between traditional therapy and 
photobiomodulation proves to be e�ective in an 8-week intervention 
period, allowing an e�cient result in a reduced time of action.

Conclusion

�e need for new non-invasive and non-pharmacological methods 
to restore quality of life in relation to overweight and obesity is 
increasingly important. Our study shows not only the reduction of body 
weight, but the reduction of all fat deposits, as well as the regularization 
of the lipid pro�le, glycemic/insulin status and total, intracellular and 
extracellular composition of body water, allowing for a period of just 8 
weeks it is possible to restore the patient’s quality of life, without harm. 
�e importance of expressive results in shorter periods of time are 
necessary as intervention instruments that prevent the advancement of 
diseases related to excess body fat from taking hold and making these 
diseases a high cost to public health and life.
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