Copyright © by Journal of Applied Cosmetology ISSN 0392-8543. JOU rnal of Apphed CosmetOIOgy,
This publication and/or article is for individual use only and may not be further reproduced without Vol. 39 i 1 2021
written permission from the copyright holder. ol. ISS. (]anuary_]unel )

Unauthorized reproduction may result in financial and other penalties 47-54
DISCLOSURE: ALL AUTHORS REPORT NO CONFLICTS OF INTEREST RELEVANT TO THIS ARTICLE.

Low-Level Laser Therapy in fat reduction: what
evidence do we have?

J. Scala', M. Tirant2, N. Van Thuong?, T. Lotti**

'Institute of Dermatologic and Regenerative Sciences, Florence, Italy; 2Hanoi Medical University,
Department of Dermatology, Hanoi, Vietnam; *University of Rome G. Marconi, Rome, Italy; “Department
of Dermatology, .M. Sechenov First Moscow State Medical University, Moscow, Russia

Corresponding Author:

Jacopo Scala M.D. Ph.D.

Institute of Dermatologic and Regenerative Sciences
Via Alfonso la Marmora 29,

Florence, 50121, Italy

e-mail: jacscala@yahoo.it

Tel.: +39-055-3860863

key words: Low level laser therapy, LLLT, fat reduction, body shaping, body contouring

Abstract

Low level laser therapy (LLLT) dates to early ‘70 to induce hair and wound regeneration then to reduce
inflammation, edema and chronic pain and in present times is widely used for cosmetic fat reduction but
despite the presence of many LLLT devices on the market the exact biochemical mechanism to explain its
therapeutic effects is yet to be fully understood. Published data from treatments used to achieve fat layer
reduction were pooled and reviewed to assess efficacy, safety and patient satisfaction and proposed models
of LLLT biological action are discussed.

Introduction

Low level laser therapy was first attempted in early  applying a laser light on shaved mice induced a
‘70 when Mester and other Authors found that quicker hair regrowth and regeneration than in
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unexposed mice (1-2). Later the same Authors
reported that HeNe laser could stimulate wound
healing also in humans and has a beneficial effect
in inflammation, edema, and chronic pain (3).

The main mechanism of this therapy is to
expose tissues to low energy levels (if compared
to those used for ablation) of near infrared (NIR)
light, levels of energy low enough to not produce
an important heating of the tissues.

The exact biochemical mechanism to
explain LLLT’s therapeutic effects is yet to be fully
understood. Under LLLT stimulation a cascade of
events at molecular level are reported, probably
due to absorption of NIR light by mitochondrial

LLLT in Fat Reduction

LLLT was proposed to assist surgical lipectomy
first by Niera et al. (10) because caused a certain
amount of fat liquefaction that helped surgical
further that
wavelengths between 630 and 640 nm were the

aspiration; evidence showed
best to assist lipoplasty (11-12). Jackson et Al. in
a controlled, randomized, multicentered clinical
study confirmed that laser assisted liposuction
decreased operating room times, increased fat
extraction volume and improved overall patient
recovery (13).

Most studies use in vitro models of human
adipose tissue like the work by Niera et Al. that
after an external irradiation with a 635-nm laser
with total energy values between 1.2 and 3.6 ]/
cm2 for up to 6 minutes showed that the amount
of fat liquefaction was time dependent: after
4 minutes of laser exposure 80% of the fat was

released from the adipose cells and after 6 minutes
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chromophores, in particular cytochrome C
oxidase (CCO): an increase of enzyme function
with adenosine triphosphate (ATP), a reduction
of reactive oxygen species (ROS) and increase
of transcription factors
element-binding protein (ATF/CREB),
factor-1 dependent activator protein-1 (AP-1),
hypoxia-inducible factor (HIF)-1with HIF-like

factor and pS53 (4-6).Those molecular effects also

like cAMP-response
redox

have strong consequences at cellular level with
degranulation of some immune cells like mast
cells with release of chemotactic, growth and

inflammatory factors (7-9).

all the fat was released from the adipocyte. The
lipolythic effect was attributed to the creation
of micropores that allowed intracellular lipids to
come out of the cell without destroying it and
those micropores were reported to be present
at electron scan microscopy (11). Caruso-Davis
et Al. in a randomized study demonstrated that
laser don’t activate the complement cascade,
do not kill adipocyte and increase triglyceride
release but not lipolysis. After irradiating human
subcutaneous fatty tissue with 635-680 nm for
10 min, there was no increase of glycerol and
fatty acids in cell culture medium, suggesting
that fat loss in laser treatment was not due to a
stimulation of lipolysis, but could be caused by
pores in adipocytes as Niera suggested (14). The
phenomenon was explained with the increase of
ROS levels that caused a peroxidation of lipids

in cellular membranes thus damaging only
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temporarily them (15-16). Also, it is possible
that LLLT stimulation with a subsequent ATP
synthesis increase leads to an cCAMP upregulation
that could activate a cytoplasmic lipase causing
pores in cellular membrane and loss of fatty acids
(17). Unfortunately, other attempts to replicate
Niera’s experiment by other Authors failed to

Materials and methods

A search on PUBMED online library with the query
“LLLT fat reduction” and “LLLT body conturing/
shaping” found 72 works but only 16 contained
original, prospective clinical trials. Data from

Results

We

based on in vivo evaluation, only one based on

identified 16 prospective clinical trials

bioptic samples and two based both on in vivo
measurements compared with bioptic samples
with a total of 1211 patients involved. All studies
are summarized in table I (11, 14, 21-34). As
expected, the laser equipment used is never the

spot micropores with electron scan microscopy
(18-19) also another work, questioning the ability
of red light (635 nm) to penetrate effectively
under the skin to ipodermic level where the fat is
located, added more uncertainty to any possible

explanation of LLLT effect in fat reduction (20).

LLLT clinical and pre-clinical treatments used
to achieve fat layer reduction were pooled and
reviewed to assess efficacy, safety and when

tfeasible patient satisfaction.

same and there are some differences in treatment
methods used between studies as reported in
Table I, mostly regarding number of applications
and timing of applications. Nearly all studies were
performed on people with a body mass index
lower than 30 and without age, sex, or ethnicity

exceptions.
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Table I. Summary of LLLT clinical works.

Patient BMI Circumf. Other Patient
Author Journal Result .
N. Eval. Eval. Eval. Satisf.
NO
EIm CM 2011 Las. Surg. Med. 5 yes yes us no
difference
us/ 80%
Neira R 2002 Plast. Rec. Surg. 12 no no
Biopsy reduction
J. Cosmet. Las.
Carniol P} 2008 10 no yes NO diff yes
Ther.
Significant
Jackson RF 2009 Las. Surg. Med. 67 no yes
reduction
NO
Mostafa MS 2016  Las. Surg. Med. 15 yes yes MRI no
difference
Significant
McRae E 2013 Las. Surg. Med. 86 no yes
reduction
Significant
Vas K 2019 J. Biophotonics 10 yes yes us
reduction
Caruso-Davis MK Significant
Obes surg. 40 yes yes Biopsy yes
2011 reduction
Wallander ID NO
Las. Surg. Med. 5 yes yes us no
2011 difference
Jankowski M NO
Las. Med. Sci. 24 yes yes us
2017 difference
Significant
Jackson RF 2012 Las. Surg. Med. 689 no yes
reduction
J. Cosmet. Las. NO 32%
Lach E 2008 74 no yes MRI
Ther. difference satisfied
J. Cosmet. Las. Significant
Gold MH 2011 83 no yes
Ther. reduction
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Nearly all studies (except the bioptic one) used
body circumference as the main outcome
indicator and there was no significant weight
change in subjects enrolled over the study period,
thus allowing any circumference change to be
attributed to the treatment itself.

All in vivo studies performed abdomen
treatment and most report a circumference
reduction: overall reduction is reported in 1011
(83.5%) of the total 1211 patients pooled in
this review, with 10 works showing a significant
reduction (11, 14, 22-24, 26, 28, 30, 31, 34) and 6
works showing no reduction or a not significant
one (21, 25, 27, 29, 32, 33). We decided to not
compare reduction measurements because of the
different treatment protocols applied, mostly by
the number of applications and the total time of
treatment, that made such comparison obviously
meaningless but reduction as much as 6,86
cm of abdomen circumference were recorded
(28), however, most works reported a reduction
between 2 and 3 cm (14, 21, 24, 34). In different

body areas, the same results were studied and

Discussion

All studies made to investigate such devices have
different treatment protocols, so it is very difficult
to directly and accurately compare their results
and it is impossible to compare effectiveness of
different devices. In our work we excluded all
papers that used simultaneously laser treatment
and diet to reduce fat to remove another possible
confounding factor.

The most important evidence is that all
trials, with the exclusion of the one performed on

bioptic specimens, required many applications

shown a common circumference reduction of
1.9-2.5 c¢m for hips and 2.9-3.9 for thighs. One
study (22) reported a mean combined reduction
of 3.7 cm of circumference in both arms.
Because the technique used is described as
noninvasive most works did not record adverse
effects and the few that did, recorded only mild
and transient effect that resolved spontaneously.
One work reported serious adverse effects on 2
patients that developed skin ulcerations upon
area of laser application (29). Common side
effects recorded are mild discomfort during the
application, erythema lasting few hours and
swelling or tingling sensation always of short
duration.

Only 8 out 16 of our chosen studies
reported patient satisfaction and only 3 reported
a certain percentage of unhappy patients; of the
286 patients pooled from studies that recorded
(68.2%)

satisfaction after completion of treatment and

patient satisfaction 195 expressed
91 (31.8%) expressed no positive or an utterly

negative evaluation.

(mean 7 applications, SD 2, 9) to indicate that
LLLT needs weeks of time to exert and develop
its biological effects and this is consistent with
all the proposed models of action: in Neira’s
model of adipocite’s cell membrane disruption
by LLLT and lipids spillage (11) even if the effect
is almost immediate it requires time to deplete
adipocyte and thus be noticed. In the alternative
hypothesis of triglyceride mobilization proposed
by Caruso-Davis, (14) with unharmed or only

temporarily damaged cells, the time lapse is even
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more self-evident since it might require days to
activate all the metabolic pathways necessary
for the fat reduction effect to be evident. The
model of metabolic activation is supported also
by the study of Jackson et al. (24) that suggest an
autocrine/paracrine activation and corroborated
by animal studies made by Aquino et al. (35)
where in sedentary animals LLLT increased fat
volume while decreasing it in active and trained
animals. This effect could explain the failure of
LLLT treatment in some patients and the reported
paradoxical “fat increase” effect reported in few
patients by some authors (29, 34).

Despite the mechanism involved lipid
in excess are expected to be cleared through
lymphatic system but there has been recorded no

increase in serum lipid levels but rather cholesterol

Conclusions

Overall evidence shows that LLLT used to for
reduce subcutaneous fat tissue is safe and, in most
cases, effective but lack of standardized protocols
and, most importantly, the exact knowledge of its
biological mechanism made it difficult to assess

References

1. MesterE, Spiry T, Szende B, Tota )G. Effect of laser rays
on wound healing. Am | Surg 1971; 122:532-535.

2. Mester E, Szende B, Spiry T, Scher A. Stimulation of
wound healing by laser rays. Acta Chir Acad Sci Hung
1972; 13:315-324.

3. Mester E, Mester AF, Mester A. The biomedical effects
of laser application. Lasers Surg Med 1985; 5:31-39.

4. Greco M, Guida G, Perlino E, Marra E, Quagliariel-
lo E. Increase in RNA and protein synthesis by mito-
chondria irradiated with helium-neon lase. Biochem
Biophys Res Commun 1989; 163:1428-1434.

52

and leptin levels have been observed to decrease
after the treatment (36-38) and this can also be
considered supportive to the metabolic activation
model. There’s a large body of evidence to suggest
that vascular oxidative stress induces obesity and
metabolic syndrome (39) and oxidative stress in
adipose tissue decreases adiponectin secretion
with a reduction of adiponectin-induced energy
expenditure associated with protein uncoupling
(40, 41). Since it is demonstrated that LLLT
reduce oxidative stress in other tissues like
neural and muscular, another model has been
proposed: LLLT-induced reduction of adipose
tissue thickness as result from decreased oxidative
stress and consequently an increased adiponectin

secretion and decreased insulin resistance (29).

its exact clinical indications and for what kind
of patients is best suited for. Further standardized
studies are required to make LLLT a powerful tool

in aesthetic fat reduction.

5. Karu TI. Primary and secondary mechanisms of action
of visible to near-IR radiation on cells. ] Photochem
Photobiol B 1999; 49:1-17.

6. Chen AC-H, Arany PR, Huang Y-Y, et al. Low level la-
ser therapy activates NF- B via generation of reactive
oxygen species in mouse embryonic fibroblasts. Proc
SPIE 2009; 7165:71650-71659.

7. Pastore D, Greco M, Petragallo VA, Passarella S. In-
crease in <--H+/e- ratio of the cytochrome c oxidase
reaction in mitochondria irradiated with helium-neon
laser. Biochem Mol Biol Int 1994; 34(4):817-826.

Journal of Applied Cosmetology



Journal of Applied Cosmetology, Vol. 39 iss. 1 (January-June, 2021) 47-54

10.

11.

12.

13.

14.

15.

16.

17.

18.

Karu T, Pyatibrat L, Kalendo G. Irradiation with He-Ne
laser increases ATP level in cells cultivated in vitro. |
Photochem Photobiol B 1995; 27(3):219-223.

Karu T. Primary and secondary mechanisms of action
of visible to near-IR radiation on cells. ] Photochem
Photobiol B 1999; 49(1):1-17.

Niera R, Solarte E, Reyes MA, et al. Low level assisted
lipoplasty: A new technique. In Proceedings of the
World Congress on Lipoplasty; Dearborn, M. 2000.
Neira R, Arroyave ], Ramirez H, Ortiz CL, Solarte E,
Sequeda F, Gutierrez MI. Fat liquefaction: Effect of
low-level laser energy on adipose tissue. Plast Recon-
str Surg 2002; 110(3):912-922; discussion 923-925.
Neira R, Ortiz-Neira C. Low-level laser-assisted lipo-
sculpture: Clinical report of 700 cases. Aesthet Surg |
2002; 22(5):451-455.

Jackson FR, Roche G, Kimberly |B, Douglas DD, T KS.
Low-level laser-assisted liposuction: A 2004 clinical
study of its effectiveness for enhancing ease of lipo-
suction procedures and facilitating the recovery pro-
cess for patients undergoing thigh, hip and stomach
contouring. Am | Cosmet Surg 2004; 21(4):191-194.
Caruso-Davis MK, Guillot TS, Podichetty VK, Ma-
shtalir N, Dhurandhar NV, Dubuisson O, Yu Y, Gre-
enway FL. Efficacy of low-level laser therapy for body
contouring and spot fat reduction. Obes Surg 2011;
21(6):722-729.

Geiger PG, Korytowski W, Girotti AW. Photodynami-
cally generated 3-beta-hydroxy-5 alpha- cholest-6-e-
ne-5-hydroper-oxide: Toxic reactivity in membranes
and susceptibility to enzymatic detoxification. Photo-
chem Photobiol 1995; 62(3):580-587.

Tafur ], Mills PJ. Low-intensity light therapy: Exploring
the role of redox mechanisms. Photomed Laser Surg
2008; 26(4):323-328.

Honnor RC, Dhillon GS, Londos C. cAMP-depen-
dent protein kinase and lipolysis in rat adipocytes. Il.
Definition of steady-state relationship with lipolytic
and antilipolytic modulators. ] Biol Chem 1985;
260(28):15130-15138.

Brown SA, Rohrich R], Kenkel ], Young VL, Hoopman
J, Coimbra M. Effect of low-level laser therapy on
abdominal adipocytes before lipoplasty procedures.
Plast Reconstr Surg. 2004 113(6):1796-1804; discus-
sion 1805-1806.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Medrado AP, Trindade E, Reis SR, Andrade ZA. Action
of low-level laser therapy on living fatty tissue of rats.
Lasers Med Sci 2006; 21(1):19-23.

Kolari PJ, Airaksinen O. Poor penetration of infra-red
and helium neon low power laser light into the der-
mal tissue. Acupunct Electrother Res 1993; 18(1):17-
21.

Mostafa MS, Elshafey MA. Cryolipolysis versus laser
lipolysis on adolescent abdominal adiposity. Lasers
Surg Med 2016; 48(4):365-70.

Nestor MS, Newburger |, Zarraga MB. Body contou-
ring using 635-nm low level laser therapy. Semin Cu-
tan Med Surg 2013; 32(1):35-40.

McRae E, Boris J. Independent evaluation of low-level
laser therapy at 635nm for non-invasive body con-
touring of the waist, hips, and thighs. Lasers Surg
Med 2013; 45(1):1-7.

Jackson RF, Stern FA, Neira R, Ortiz-Neira CL, Malo-
ney J. Application of low-level laser therapy for no-
ninvasive body contouring. Lasers Surg Med 2012;
44(3):211-7.

Wallander ID, Endrizzi B, Zelickson BD. Efficacy of a
multiple diode laser system for body contouring. La-
sers Surg Med 2011; 43(2):114-21.

Gold MH, Khatri KA, Hails K, Weiss RA, Fournier N.
Reduction in thigh circumference and improvement
in the appearance of cellulite with dual-wavelength,
low-level laser energy and massage. | Cosmet Laser
Ther 2011; 13(1):13-20.

Lach E. Reduction of subcutaneous fat and impro-
vement in cellulite appearance by dual-wavelength,
low-level laser energy combined with vacuum and
massage. ] Cosmet Laser Ther 2008; 10(4):202-9.
Savoia A, Landi S, Vannini F, Baldi A. Low-Level Laser
Therapy and Vibration Therapy for the Treatment of
Localized Adiposity and Fibrous Cellulite. Dermatol
Ther (Heidelb) 2013; 3(1):41-52.

Jankowski M, Gawrych M, Adamska U, Ciescinski |,
Serafin Z, Czajkowski R. Low-level laser therapy (LLLT)
does not reduce subcutaneous adipose tissue by local
adipocyte injury but rather by modulation of systemic
lipid metabolism. Lasers Med Sci 2017; 32:475-479.
Vas K, Besenyi Z, Urban S, Badawi A, Pavics L, Ers
G, Kemény L. Efficacy and safety of long pulse 1064
and 2940nm lasers in noninvasive lipolysis and skin

53



tightening. | Biophotonics 2019; 12(9):e201900083.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

54

Montazeri K, Mokmeli S, Barati M, The Effect of Com-
bination of Red, Infrared and Blue Wavelengths of
Low-Level Laser on Reduction of Abdominal Girth:
A Before-After Case Series. | Lasers Med Sci 2017;
8(Suppl 1):522-526.

Elm CM, Wallander ID, Endrizzi B, Zelickson BD. Ef-
ficacy of a multiple diode laser system for body con-
touring. Lasers Surg Med 2011; 43(2):114-21.
Carniol PJ, Dzopa N, Fernandes N, Carniol ET, Ren-
zi AS. Facial skin tightening with an 1100-1800 nm
infrared device. ] Cosmet Laser Ther 2008; 10(2):67-
71.

Jackson RF, Dedo DD, Roche GC, Turok DI, Maloney
R]. Low-level laser therapy as a non-invasive approach
for body contouring: a randomized, controlled study.
Lasers Surg Med 2009; 41(10):799-809.

Aquino AE Jr, Sene-Fiorese M, Paolillo FR, et al. Low-le-
vel laser therapy (LLLT) combined with swimming
training improved the lipid profile in rats fed with hi-
gh-fat diet. Lasers Med Sci 2013; 28(5):1271-1280.
Avci P, Nyame TT, Gupta GK, Sadasivam M, Hamblin
MR. Low-level laser therapy for fat layer reduction:
a comprehensive review. Lasers Surg Med 2013;
45(6):349-57.

Maloney R|, Shanks SC, Jenney E. The reduction in
cholesterol and triglyceride serum levels following
low-level laser irradiation: A non-controlled, non-ran-
domized pilot study. Lasers Surg Med 2009; 215:66.
Jackson FR, Roche GC, Wisler K. Reduction in chole-
sterol and triglyceride serum levels following low-le-
vel laser irradiation: A noncontrolled, nonrandomized
pilot study. Am ] Cosmet Surg 2010; 27(4):177-184.
Youn }Y, Siu KL, Lob HE, Itani H, Harrison DG, Cai H.
Role of vascular oxidative stress in obesity and meta-
bolic syndrome. Diabetes 2014; 63:2344-2355.
Bauche IB, EIl Mkadem SA, Pottier AM, et al. Ove-
rexpression of adiponectin targeted to adipose tissue
in transgenic mice: impaired adipocyte differentia-
tion. Endocrinology 2007; 148:1539-1549.

Soares AF, Guichardant M, Cozzone D, Bernoud-Hu-
bac N, Bouzaidi-Tiali N, Lagarde M, Géloén A. Effects
of oxidative stress on adiponectin secretion and lacta-
te production in 3T3-L1 adipocytes. Free Radic Biol
Med 2005; 38:882-889.

Journal of Applied Cosmetology





