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Abstract

Excess body weight is a public health problem causing overweight and obesity, with the main characteristic of
increasing body fat. Current non-pharmacological and non-invasive treatments prioritize negative energy balance
through physical exercise and nutrition education. Over the years, it has been established that the association of
traditional therapy (exercise and nutrition) together with photobiomodulation enhances the reduction of body fat. The
aim of this study was to evaluate the action of photobiomodulation in a patient undergoing 8 weeks of traditional
WKHUDS\ DQG ZHHNV RI WUDGLWLRQDO WKHUDS\ DVVRFLDWHG ZLWK SKRWRELRPRG
DQG JO\FHPLF LQVXOLQ SUR{OH 7KH H[HUFLVH SURWRFRO GH{QHG IRU WKH VWXG\
resistance exercises (30 minutes), lasting 8 weeks, 3 times a week, with Nutritional Intervention. The photobiomodulation
was always performed after physical exercise sessions in the anterior (abdominal and quadriceps) and posterior region
(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
IDW DQG ULJKW OHJ IDW DQG OHIW OHJ IDW RI D Q|G 7KH OL
showed the same pattern of reduction. Our study shows a wide anthropometric, lipid, glycemic and insulin reduction,
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.

Keywords:Photobiomodulation; Body Weight; Visceral Fat; Serumtherapy associated with photobiomodulation (exercise+nutrition+ph

Lipids; Metabolic Rehabilitation; Exercise otobiomodulation), evaluating anthropometric data, lipid pro le and
) glycemic/insulin pro le, thus allowing to assess the action of light on
Introduction the patient's metabolic evolution.

Exc_ess body_ weight is a public health_proble_m b_oth in Brazil a']?laterials and Methods
worldwide, causing overweight and obesity, which is called chronic
subclinical in ammatory disease [1]. As the main characteristic, the Ethics and Volunteer:is study was carried out by the Institute
increase in body weight brings with it an increase in total body fa@f Physics of S&o Carlos, University of S&o Paulo and approved by
especially visceral fat, responsible for the emergence of numerd@fbics committee on human research at Federal University of S&o
diseases called comorbidities [2,3]. us, conditions such as severearlos - UFSCar C.A.A.E 13956313.7.0000.5504 and Clinical Trials.go\
changes in the lipid pro le, insulin resistance, type 2 diabetes mellit{231,286). For the study, an obese man was selected. Inclusion criteri:
and cardiovascular diseases are some of the diseases that occur throvgjie: body mass index between 30 and 40 kg/m2, aged between 20 ar
the in ammatory process resulting from the increase in body weigh#0 years old. Exclusion criteria were: use of cortisone, anti-epileptic
[4,5]. drugs, history of kidney disease, alcohol consumption, smoking. e

. . . study had two phases: Phase 1 - period of 8 weeks, where the voluntee
Currently, treatments for non-pharmacological and non-invasive,as” sybmitted to nutritional re-education action and a physical

conditions are aimed at a negative energy balance, where through g, ise program. Phase 2 - period of 8 weeks, where the volunteer wa
use of the most diverse physical exercise protocols, aiming at calQifymitted to nutritional reeducation action, physical exercise program
expenditure and the use of nutritional education, allowing the reductioq , 4 photobiomodulation. Between the phases, there was an interval of

of excessive caloric intake [2,6-8], it is possible to reduce body weighfy yays. At each stage of treatment, evaluations were carried out in twc
Over the years, our research group has carried out several studies glﬁbes the initial stage and the nal stage.

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 Physical Exercise Programe exercise protocol de ned for the
a concrete possibility of associating traditional non-pharmacological
therapy (exercise and nutrition) with photobiomodulation technology, . . . . . o

h ina th taboli tion t d bodyv fat. In thi text *.(éor[espondmg author: Antonio Eduardo de Aquino Junior, Instituto de Fisica
enhancing the metabolic action 1o reduce body 1at. In this Context, e sao Carlos, Universidade de Sao Paulo, Sdo Carlos, Sao Paulo, Brasil, Tel:
was found that the association of photobiomodulation with traditionaP66562344606; E-mail: antonioaquino@ifsc.usp.br

non-pharmacploglcal and non-invasive theraples allows a re(_:iuctlon Received October 28, 2021; Accepted November 26, 2021; Published December
anthropometric parameters such as body weight, total and visceral feg, 2021

as well as an |mpr.0vemen_t .m th.e |Ip|d pl’(? le, glycemic and Insu“,ncitation:.]unior AEA, Carbinatto FM, Bagnato VS (2021) Metabolic
status, thus reversing dyslipidemia, liver disorders and thus reducim@habilitation: Body Homeostasis through the Action of Photobiomodulation in
cardiovascular risks [6,8-18]. Weight Loss — a Comparative Study. J Obes Weight Loss Ther 11: 471.

e aim of this study was to evaluate the action of Copyright: © 2021 Junior AEA, et al. This is an open-access article distributed

h bi dulati . . d R k f diti |tjnder the terms of the Creative Commons Attribution License, which permits
p otobiomodulation in a patlent undaergoing 8 weeks of traditiona nrestricted use, distribution, and reproduction in any medium, provided the

therapy (exercise+nutrition) and 8 weeks undergoing traditionabriginal author and source are credited.
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study included aerobic exercises (30 minutes) and resistance exercigfea certain therapy transcends only the use of the basal metabolic
(30 minutes), lasting 8 weeks, 3 times a week. Aerobic exercise wae. us, the use of bioelectrical bio impedance, body mass (kg),
performed on a treadmill (Pro Fithess AP8500 Plus), with maximurskeletal muscle mass (kg) and basal metabolic rate (kcal) variables
heart rate intensity between 70 and 85% (previously established invare organized in order to allow a more accurate analysis of body
submaximal test on a treadmill). Resistance training was performedetabolic progress. us, as the basal metabolic rate is considered the
by performing speci c exercises for the main muscle groups: bendfasal amount of calories for the maintenance of basal body functions
press (Biceps, Triceps, Pectorals Major and Rectus Abdominalajd skeletal muscle, in na amount and functionality, determining the
lat pull-down (Biceps, Teres Major and Latissimus Dorsi), Straightvariation of the basal metabolic rate [6], we propose:

Bar Cable Curl (Biceps), triceps pushdowns (Triceps), hamstring . _ .
curls (Semitendinosus, Biceps Femoris and Semimembranosus), cal Body metabolic progress (kcal)=[body mass (kg)/basal metabolic

f ”
raises (Gastrocnemius), leg presses and sit-ups (Gluteus Maxim{f'ls{,e (kcal)] x skeletal muscle mass (kg)

Quadriceps Femoris, and Gastrocnemius). In each session, there wasin addition, as a way to normalize the data, a percentage form of
a progressive adjustment of the training loads, according to individu@lelta [6] was used, expressed in:

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) [10.23.2%aglts

is model of training was conducted based on the guidelines of the
American College of Sports Medicine [7]. Table 1 shows the muscle and metabolic body composition

. ) . variables, compared in the periods involving traditional therapies
_Nutriional Intervention: ~Nutritional lectures were held (0 (gyercise+Nutrition) and those associated with Photobiomodulation
adjust caloric intake, as well as not to drink alcoholic beverages. ®Exercise+Nutrition+Photobiomodulation). We observed in the
assessment of usual food consumption was performed through a thregsiod of traditional therapies the increase (delta) of the variables
day food record and analyzed via AVANUTRI so ware. Skeletal Mass Muscle (1.5), Body Metabolic Rate (0.54) and Body
Photobiomodulation: e action of photobiomodu|a’[i0n was Metabolic Progress (538), while in the period when it was associated

always performed a er physical exercise sessions. e laser emitterdith photobiomodulation, we observed the variables Skeletal Mass
were xed perpendicularly to the skin and positioned in the anterior andMuscle (-0.91), Body Metabolic Rate (-0.98) and Body Metabolic
posterior region for 8 minutes per region, being in the anterior regiofProgress (6.52).

(abdominal and quadriceps) and in the posterior region (gluteus and  figyre 1 shows the evolution of body weight in the 8-week periods
biceps femoris). e parameters used were: Ga-Al-As Semiconductof,ojying the action of exercise+nutrition in relation to the 8-week
Diode Laser, wavelength 808 nm, 64 emitters in 4 plates (16 emitt@i§od involving the action of exercise+nutrition+ photobiomodulation.

per plate), diameter of spot in horizontal 0.3692 cm/vertical 0.058@ reduction in the rst period (-4.8 kg) in relation to the reduction in
cm, area of spot of 0.0169, rautput power of 100 mW, irradiance of he second period (-8.8 kg) is shown.

6.0 W/cn#, radiant energy 96J, total radiant energy delivered 147,456J o )
(all 24 sessions, 3 times per week). To minimize the psychological bias,Tab|e 2 represents the reduction in body, total fat depots and limbs,

the transmitters were turned o in phase 1 and turned on in phase gomparing the period of treatment wit_ho_ut the action c_)flight in rc_alation
without the patient's knowledge. to the period composed by the association of photobiomodulation. e
comparison shows percentage reductions in body fat of 3.53% and
Anthropometry and body composition: e voluntary was  9.02%, Total fat of 8.86% and 20.3%, visceral fat of 1.27% and 17.89
weighed and height measurements obtained (light clothes anghd trunk fat 0.79% and 17.6%, right arm fat of 12.5% and 37.1%, le
no shoes) using an electronic scale. e body composition andarm fat of 14.6% and 37.1%, right leg fat of 13.2% and 21.6% and in the
anthropometrics parameters used in this study were: body mass (ki®, leg fat of 13.4% and 23.7%, respectively for the intervention period
body mass index (kgA)) lean muscle mass (kg), total skeletal musclehat includes exercise + nutrition therapies and exercise +nutrition and
mass (kg), Basal metabolic rate (kcal), body activity rate (kcal), total fefotobiomodulation therapies.
mass (kg), percentage of fat (%), fat mass of right arm (kg), fat mass _. . N
of le arm (kg), fat mass of trunk (kg), fat mass of right leg (kg), fat F_|gure 2 .ShOWS .the eVO.IUt'OH (.)f the patient's total_fat over t_he
mass of le leg (kg), visceral body fat &nWe used the bioelectrical two |_ntervent|0n perlo_d_s. Itis poss_|ble to observe that in _the period
that involved the traditional therapies there was a reduction of -4.3

impedance analysis (BIA) device to measure the change in |mpedar|1(ce0f fat and that in the period that there was the association of

in body tissues by sending detectable electrical signals through t . . . )
body. e BIA device use this is study was the In Body 720 (Biospac% otobiomodulation, there was a reduction of -8.2 kg of fat.

Co. Ltd.; Seul, Korea), which uses six frequencies (1,5,50,250,500 andrigure 3 illustrates the evolution of total visceral fat in the
1,000 kHz). e body mass index (BMI) was calculated by body masperiods of traditional therapy (exercise + nutrition) and association of
(Kg) dividing stature (rf). photobiomodulation (exercise + nutrition + photobiomodulation). A
brief increase in the period without the use of photobiomodulation is
observed, of 2.5 &nwhile in the period of 8 weeks with the use of
ﬁhotobiomodulation, there was a reduction of 128.6.cm

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

Serum Analysis: e blood samples were collected aer 12
hours overnight. e concentrations of glucose, insulin, lipid pro le
were analyzed with methods for in vitro diagnostic, speci c for eac
measurement, performed in the specialized clinical laboratory. Insulin Table 3 shows the variation in lipid, insulin and glucose pro les
sensitivity was assessed using the homeostasis model assessmeMthg@d comparing the periods of traditional therapy (exercise +
(insulin resistance) index (HOMA-IR). nutrition) and traditional therapy associated with photobiomodulation.

) It is possible to observe in the delta of lipid pro le, the variations of

Body Metabolic Progress and Delta (): e development of & 4tq| cholesterol -16.89 and -56.78, HDL-c -2.27 and -47.06, LDL-c
quanti cation method to measure the metabolis through the actionig 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 a Initial Final a
Skeletal Mass Muscle (kg) 32.7 33.2 1.5 33.2 329 -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),
ERG\ PHWDEROLF UDWH NFDO DQG ERG\ PHWDEROLF SURJUHVV NFDO LQ LQLWLDO WLPH ¢(QDO WLPH DQC

Table1 &RPSDUDWLYH RI ERG\ PXVFOH DQG PHWDEROLF FRPSRVLWLRQ LQ GLfHUHQW S

Body Weight Evolution
115
112.4
Total variation in the period - 4.8kg
110
107.5 107.6
g 108 Tmal variation in the period - 8.8kg
100 | T e
................................. 98.7
95
Initial W1 w2 w3 W4 W5 W6 w7 w8 Final
Weeks
——Exercise + Nutrition =~ -+ Exercise +Nutrition + Photobiomodulation

Figure 1: Comparative of 2 intervention model (exercise + nutrition versus exercise + nutrition + photobiomodulation). The absolute values of body total (kg) showed
LQ HYROXWLRQ VLQFH LQLWLDO WLPH WR (¢QDO WLPH

Exercise + Nutrition ix:;:;i?o:n"izt;::tﬁg;
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

Table2 & RPSDUDWLYH RI LQWHUYHQWLRQ PRGHO H[HUFLVH QXWULWLRQ YHUVXV H[HUFLVH QXWULWL

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

Total Fat Evolution
55

52.8

Total variation in (he period - 4.3kg

50

KG

... Jotal variation in the period - 8.2kg
45 h

40

Initial w1 w2 w3 w4 w5 W6 w7 w8 Final
‘Weeks

——Exercise + Nutrition - Exercise +Nutrition + Photobiomodulation

Figure 2: Comparative of 2 intervention model (exercise + nutrition versus exercise + nutrition + photobiomodulation). The absolute values of total total (kg) showed
LQ HYROXWLRQ VLQFH LQLWLDO WLPH WR ¢QDO WLPH
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Total Visceral Fat Evolution

195.9 Total variation in the period + 2.5cm? 195.9

193.4

o 167.3

Initial w1 w2 W3 W4 W5 W6 w7 w8 Final
‘Weeks

—Exercise + Nutrition =~ - Exercise + Nutrition + Photobiom odulation

Figure 3: Comparative of 2 intervention model (exercise + nutrition versus exercise + nutrition + photobiomodulation). The absolute values of total visceral fat (cm?)
VKRZHG LQ HYROXWLRQ VLQFH LQLWLDO WLPH WR (QDO WLPH

Exercise + Nutrition Exercise + Nutrition + Photobiomodulation
Initial Final a Initial Final a

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 PJG/ ' FPJG/] 9/'/ PI G/ WULJO\FHULGHV PJ G/ ,QVXOLQ X8 PO DQG EORRG JOXFRVH P

Table3: &RPSDULVRQ Rl OLSLG SUR¢{OH LQVXOLQ DQG JOXFRVH LQ GLfHUHQW SHULR

Exercise + Nutrition Exercise + Nutrition + Photobiomodulation
Initial Final a Initial Final a
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) 429 431 0.46 43.2 425 -1.64

Table 4- Comparative of 2 intervention model (exercise + nutrition versus exercise + nutrition + photobiomodulation). The absolute values of Intracellular water (L),
((WUDFHOOXODU ZDWHU / DQG 7RWDO ZDWHU / LQ LQLWLDO WLPH ¢(QDO WLPH

Table4 &RPSDULVRQ RI LQWUDFHOOXODU ZDWHU H[WUDFHOOXODU ZDWHU DQG WRWDO ZDYV

and - 31.25, respectively for the 8-week period of traditional therag®iscussion
and traditional therapy associated with photobiomodulation. When we ) in obesi in th d 12.3.19
look at insulin and blood glucose, the variations show a delta of -65.17 e constant increase in obesity cases in the world [2,3,19]

and -32.5 for insulin and 3.26 and -31.25 for blood glucose, respectivgmﬂ't'gn‘:’htrle Ireetilhfor new nor]:-lnv.ashltvle an.d non-pharn:.ac.ologlcal
for the exercise+nutrition versesercise+nutrition+photobiomodula m.e ods tha .a Ow e process of weight foss In a more op |m|zg way,
tion periods. without harming health and, therefore, a healthy return to quality of

life.

Table 4 provides a comparison between the water, intracellular, . . .
extracellular and total contents, in the period of 8 weeks where th e action of photobiomodulation, whether by the use of lasers or
' L%Ds, is well de ned and established in the literature [20-22] for the

patient was submitted to the traditional exercise + nutrition therap . . . .
. ; . . ost diverse therapeutic actions and treatments of diseases [23-27]
and in the period of 8 weeks where the patient was submitted to the

. . . ) ._among them metabolic rehabilitation for weight loss [6,9,11,15-18].
protocol that covered exercise + nutrition + photobiomodulation. It is

. . ) A .. __In the latter, studies point to increased metabolism, measured via the
possible to observe the reduction of variables when observing tradmor&l

. . . . . ) trate Synthase enzyme [10], allowing for an increase in metabolic
therapy in relation to therapy associated with photoblomodulatlondemand
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 - Our present study shows the positive action of photobiomodulation
1.64, respectively for traditional therapy versus therapy associated wihmetabolism (Table 1), allowing the body metabolic progress (BMP)
photobiomodulation. [6] to show comparison valuégtween traditional therapy (5.38) and
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combined therapy with photobiomodulation (6.52), clearly pointing to[9], in an experimental and clinical environment, respectively. us,
a more active metabolism when associated with photobiomodulatiothe reduction of fat deposits are markedly reduced, as observed in the
is statement is corroborated by the results of higher valfiesnd present study and previous studies [6,9,10,15,16].
with the Citrate Synthase enzyme in rats submitted to the exercise and . .

- A . " . . e reduction of aqueous, intracellular, extracellular and total
photobiomodulation protocol, showing positive the combined action : . . . .

. . S . media (Table 4), points to a framework of systemic organic homeostasis,

of exercise and photobiomodulation in an animal model [9-12]. e

body Metabolic Progress (BMP) proves to be reliable since the variati?)trqengthemd _by the use of intracellular water n reaction of the electron
. -fransport chain, due to the greater metabolic demand and energy
seems more adequate due to the fact that the variables body we

igh . . . .
basal metabolic rate and skeletal muscle mass are directly interlin&%ﬁ?ﬁecrtr'ggrgufhteo i?})éferg:g dS)r/gel;?a){tigrr:d F:ﬁ;oetzonr]ggtuel ?tle(:(rt]re[tig’llzullga.r
[6]. us, due to the possibility of greater production of ATP, ’ 9 P 9

: g - gnd total water regulation in these media [30]. us, the metabolic
promoted by the combined action between traditional therapy an e o
A . : . . rehabilitation promoted by the synergy between traditional therapy and
photobiomodulation, the evolution of body weight showrFigure 1 - . A . .
. .ghotoblomodulatlon proves to be e ective in an 8-week intervention
shows the reduction of 4 kg of extra fat, when compared to the peri deriocl allowing an e cient result in a reduced time of action
of traditional therapy, showing a more intense metabolic demand it ' 9 )
energy substrate. e same results are observed in experimental [1@f onclusion
and clinical [6,15-18] studies. It is possible to observe the various ) _ )
fat deposits being more intensely reduced when analyzing table 2, € need for new non-invasive and non-pharmacological methods
showing that visceral fat is directly reduced, which directly impacts tH@ restore quality of life in relation to overweight and obesity is
emergence of diseases associated with overweight and obesity [2.2g[€asingly important. Our study shows not only the reduction of body
Figure 2 shows the evolution of total body fat reduction, showing th&eight, but the reduction of all fat deposits, as well as the regularization
reduction obtained during the traditional therapy period associate@f the lipid prole, glycemic/insulin status and total, intracellular and
with -4.3 kg photobiomodulation in relation to the traditional therapy extracellular composition of body water, allowing for a period of just 8
intervention time period. is result is also con rmed experimentally weeks it is possible to restore the patient’s quality of life, without harm.

[9, 10] and clinically [6,15,16] in previous studies from our group. e importance of expressive results in shorter periods of time are
necessary as intervention instruments that prevent the advancement of

e due importance in the observation of gure 3 is due 10 gjseases related to excess body fat from taking hold and making thest
the ma_rked redqctlo_n of wsceral_ff_:lt when th_e combined action Qfiseases a high cost to public health and life.
photobiomodulation is used, obtaining approximately 14.5% greater
reduction. is result is in line with the reduction in visceral fat shown References
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