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Abstract
Obesity and overweight is a global health crisis and novel methods of treatment are needed to address it. Low-level laser therapy
(LLLT) is a currently available non-invasive procedure for lysing excess fat, but there is a lack of consensus exists on LLLT
frequency and limited research from studies of LLLT. The purpose of this pilot study is to compare the effect of three of the most
common LLLT frequencies on weight, waist circumference, body fat percentage, and quality of life. Sixty overweight (body
mass index (BMI) 25–29.9 kg/m2) adult participants were randomized to 12 LLLT treatments: (1) three times weekly for 4 weeks,
(2) twice weekly for 6 weeks, or (3) once weekly for 12 weeks. All participants attended an in-person visit at baseline and at
weeks 4, 6, 12, and 26. Participants were recruited September 30, 2016 through to August 27, 2017. The majority of the 60
participants were female (90%) with an average age of 43.7 years (± 9.2 years). Most participants (98%) completed 10 or more of
the 12 LLLT treatments. When comparing across treatment groups, the greatest reductions from baseline were observed in those
assigned to twice weekly for 6 weeks in weight (1 ± 1.7 (±SD) kg by week 6), waist circumference (− 2.0 ± 3.2 in. by week 6 and
− 1.5 ± 3.2 in. byweek 26), bodymass index (− 0.4 ± 0.6 kg/m2), and body fat mass (− 1.1 ± 1.6 kg). This group also had the most
significant improvement from baseline in quality of life (+ 0.5 ± 0.8 by week 6), body satisfaction (+ 0.2 ± 0.4 by week 6 and
week 26), and body appreciation (+ 0.2 ± 0.3 by week 6 and + 0.3 ± 0.3 by week 26). LLLT twice weekly for 6 weeks could be
proposed as the optimal frequency and duration for the management of body weight. Trial registration: https://clinicaltrials.gov/
ct2/show/NCT02877004. Registered August 24, 2016.

* Ivana T. Croghan
croghan.ivana@mayo.edu

Ryan T. Hurt
hurt.ryan@mayo.edu

Darrell R. Schroeder
schroedd@mayo.edu

Shawn C. Fokken
fokken.shawn@mayo.edu

Michael D. Jensen
jensen@mayo.edu

Matthew M. Clark
clark.matthew@mayo.edu

Jon O. Ebbert
ebbert.jon@mayo.edu

1 Department of Medicine, Division of Community Internal Medicine
and Clinical Research Office and Center of Science and Health Care
Delivery, Mayo Clinic, 200 First Street SW, Rochester, MN 55905,
USA

2 Department of Health Science Research, Division of Epidemiology
and Center of Science and Health Care Delivery, Mayo Clinic, 200
First Street SW, Rochester, MN 55905, USA

3 Department of Medicine, Division of General Internal Medicine,
Mayo Clinic, 200 First Street SW, Rochester, MN 55905, USA

4 Department of Health Sciences Research, Division of Biomedical
Statistics and Informatics, Mayo Clinic, 200 First Street SW,
Rochester, MN 55905, USA

5 Department of Medicine Clinical Research Office, Mayo Clinic, 200
First Street SW, Rochester, MN 55905, USA

6 Department of Medicine, Division of Endocrinology and Metabolic
Disease, Mayo Clinic, 200 First Street SW, Rochester, MN 55905,
USA

7 Department Department of Psychiatry and Psychology, and Division
of Endocrinology and Metabolic Disease, Mayo Clinic, 200 First
Street SW, Rochester, MN 55905, USA

8 Department of Medicine, Division of Community Internal Medicine,
Department of Medicine, and Center for the Science of Health Care
Delivery, Mayo Clinic, 200 First Street SW, Rochester, MN 55905,
USA

https://doi.org/10.1007/s10103-019-02867-5
Lasers in Medical Science (2020) 35:663–675

/Published online: 31 August 2019

http://crossmark.crossref.org/dialog/?doi=10.1007/s10103-019-02867-5&domain=pdf
http://orcid.org/0000-0003-3464-3525
mailto:croghan.ivana@mayo.edu


Keywords Adiposity . Overweight .Weight loss . Clinical trial

Background

Currently in the USA, about 97 million adults are overweight,
accounting for about 33% of the adult population [1]. Low-
level laser therapy (LLLT) is a novel non-invasive procedure
that lyses excess fat without the negative side effects associ-
ated with surgical methods such as liposuction. LLLT has
been associated with reductions in waist circumference of 6–
12 in. with six treatments. LLLT has the potential to enhance
motivation for weight management treatments by providing
immediate positive feedback through reductions in waist cir-
cumference recognizable by the individual.

A variety of mechanisms of action have been proposed to
explain how LLLT reduces body fat [2]. The twomost popular
theories include the lysing of the adipocytes producing tran-
sient pores in the cell membrane allowing lipids to flow out [3]
and the initiation of lipid peroxidation by LLLT, which tem-
porarily damages the cellular membrane of the adipocytes by
creating pores [4]. Other potential mechanisms are discussed
in recent review by Avci et al. [2]

Clinically, LLLT treatments can vary from 6 to 28 treat-
ments with a frequency of 1 to 3 times per week depending on
the participant’s preference and ability to cover the costs of the
LLLT and the LLLT device used. In an earlier study, our re-
search team conducted a feasibility study of 45 participants
who are overweight or obese evaluating the use of 12 LLLT
treatments over the course of 12 weeks (once per week) with
the goal of reducing central adiposity [5]. The LLLT device
used 532-nm green diodes. LLLT was compared with
lorcaserin alone or in combination with LLLT. Participants
were randomized to one of three conditions: LLLT, lorcaserin,
and LLLT + lorcaserin. Although the sample size was too
small for any statistically significant findings, the LLLT was
observed to be associated with a reduction in body circumfer-
ence (2.3–4.0 cm reduction) and a reduction in weight (1–
3.5 kg reduction) with no identified significant adverse events.
Another earlier study by Jackson et al., which used the same
LLLT device (532-nm green diodes) on 68 subjects and ran-
domized them to LLLT or sham treatment 3 times a week for
2 weeks, showed that the LLLTsubjects had a greater decrease
in body weight (p < 0.0005) and BMI (p < 0.001) [6].

Other research has been undertaken an earlier LLLT device
(635-nm red diodes instead of 532-nm green diodes). In the
same year, McRae et al. corroborated these findings with 86
patients retrospectively treated with LLT for over 2 weeks.
Each patient received six treatments evenly spaced over
2 weeks (20 min in front and 20 min in back). In this study,
they found a mean reduction of 1.24 lb (p < 0.0001) [7]. A
year prior, Jackson had conducted a study of 689 subjects
using LLLT 3 times a week for 2 weeks (six treatments) and

reported significant reduction in circumference of waist, hips,
and thighs on average by 5.17 in. between baseline and post
treatment (p < 0.0001) [8]. These significant reductions in cir-
cumference were also noted by Nestor et al. in 80 patients in
the same year over six treatments, but no change in BMI was
observed [9].

Uncertainty remains regarding the ideal frequency of LLLT
treatments needed for a significant weight loss and body cir-
cumference reduction. The purpose of this current study was
to obtain preliminary results regarding the most efficacious
frequency of LLLT treatments to produce body circumference
reduction and weight loss.

Methods

Study overview

The present study was an open-label clinical trial in which
participants received 12 LLLT treatments. To keep the number
of treatments consistent across study arms, study participants
were randomized to one of three treatment frequencies: (1)
three times a week for 4 weeks (group A); (2) twice a week
for 6 weeks (group B); (3) once a week for 12 weeks (group
C). This study was approved by the Mayo Clinic Institutional
Review Board and written informed consent was obtained for
all study participants.

Setting

Potential participants were recruited from the local communi-
ty of Rochester, MN, between September 2016 and August
2017. This report is based on all participants who consented to
study, passed study criteria, and went on to be treated in study.
All study visits and treatments took place in Mayo Clinic—
Rochester Campus. The study adheres to the consort guide-
lines on reporting clinical trials [10] as demonstrated in the
consort diagram presented in Fig. 1.

Participants

Eligible subject had to have a BMI between 25.0 and 29.9 kg/
m2 and be motivated to lose weight. All interested individuals
called a central number and underwent a 10-min phone pre-
screen. If they passed the telephone pre-screen, they were
invited to attend an in-person consent visit. They were exclud-
ed if they did not meet study entry criteria which included
criteria such as being under the age of 18, not meeting BMI
criteria of 25–29.9 kg/m2, not consenting to study, being on a
concurrent weight loss program (including weight-loss
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medicines or exercise programs), having a weight fluctuation
of 20 lb or more in past 6 months, having a medical unstable
condition, having a positive pregnancy test, having an infec-
tion or having had surgery or other external trauma in the area
to be treated by the laser, having a condition that affects
weight levels, having a significant psychiatric condition such
as depression (as measured by the CESD-R), being photosen-
sitive, or having any other condition which may hinder partic-
ipation or adherence to study procedures.

After participants consented to participation, they signed a
written informed consent and were screened for study eligibil-
ity. If they passed the post-consent screening procedures, they
were invited to participate. If they accepted the invitation, they
were assigned the next available subject ID number and allo-
cated to the appropriate treatment group using the pre-
prepared randomization envelopes. Participants attended their
in-person study visits every week at approximately the same
time (± 2 h) and same day of the week.

Fig. 1 participant flow in study
from first study contact to last
study contact
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Randomization

A computer-generated randomization schedule was prepared
by the study statistician using blocks of size N = 6 to ensure
that after every sixth participant was randomized and an equal
number of subjects was assigned to each treatment group.
Using this randomization schedule, sealed randomization en-
velopes were prepared by administrative staff within the
Division of Biomedical Statistics and Informatics. These ran-
domization envelopes were labeled according to subject ID
number and contained an index card indicating the treatment
assignment for the given subject.

Interventions

LLLT—The LLLT device consists of a multiple-head low-
level diode laser with six independent diode laser heads.
Each diode emits 532 nm (green) laser light. In the active
device (Erchonia1 LipoLaser; Erchonia Medical, Inc.,
McKinney, TX) [11], each diode generates a 17-mW out-
put. The average number of treatments can vary, depend-
ing on the adipose makeup on the patient [12]. In this
trial, subjects underwent 12 treatments of LLLT at varying
frequencies (1, 2, or 3 times per week). The laser used in
this study was an Erchonia® Zerona™ v2.0 Laser. This
LLLT has been approved by the Food and Drug
Administration (FDA) as a non-invasive dermatological
esthetic treatment to reduce the circumference of hips,
waist, and thighs. Lasers were targeted at central adiposity
in the abdomen region for 30 min and the central region
of their back for another 30 min. The lasers were placed
approximately 6 in. from the targeted area during the
treatment cycle and each treatment occurred within 48 h
to 7 days apart.

The Erchonia® Zerona™ 2.0 Laser (used in this study) has
been approved by the FDA (K123237) as a non-invasive der-
matological esthetic treatment which can be used by individ-
uals intending to reduce circumference of hips, waist, and
thighs. Justification for the assertion of anticipated safety
and effectiveness of the Erchonia® Zerona 6 Headed
Scanner (EZ6) for application to reducing body circumference
is found through several FDA clearances for Erchonia® Low
Level Laser devices for body circumference reduction indica-
tions. For all of the 510(k) clearances, the assigned Product
Code is OLI, defined as follows:

& Device: fat-reducing low-level laser
& Regulation description: low-level laser system for esthetic

use
& Definition: non-invasive reduction in fat layer for body

contouring
& Technical method: use of low-level laser energy to create

pores in adipocyte cells to release lipids (triglycerides)

& Target area: adipocyte cells within the subcutaneous fat
layer of the body; this could include abdomen (waist),
thighs, and hips

Under 21 CFR 878,5400, the FDA identifies this ge-
neric type of device as: “A Low Level Laser System for
Aesthetic Use is a device using low level laser energy for
the disruption of adipocyte cells within the fat layer for
the release of fat and lipids from these cells for non-
invasive aesthetic use.”

The procedure administration protocol for each session was
as follows:

& The study participant is correctly fitted with the safety
glasses.

& The participant lies comfortably flat on his or her back on
the procedure table such that the front area of the subject’s
body is facing upwards.

& The Erchonia® Zerona 6 Headed Scanner (EZ6) diodes
are positioned at a distance of 6 in. above the subject’s
lower and upper abdomen, stomach, centered along the
body’s midline (the “line” that vertically “dissects” the
body into two equal halves).

& The Erchonia® Zerona 6 Headed Scanner (EZ6) is then
activated for 30 min over the subject’s anterior (frontal)
region. Each scanner emits to the subject a laser beam of
approximately 17 mW with a wavelength of 532 nm, and
creates a spiraling circle pattern that is totally random and
independent from the others. These patterns overlap each
other to guarantee total coverage within the target area of
approximately 80 in.2/516 cm2.

& The participant then turns over to lie flat on his or her
stomach such that the posterior treatment area of the sub-
ject’s body encompassing the region spanning from the
participant’s back down though the central body region
is facing upwards.

& The Erchonia® Zerona 6 Headed Scanner (EZ6) diodes
are positioned at a distance of 6 in. above the posterior
treatment area, centered along the body’s midline, the
same as for the anterior region.

& The Erchonia® Zerona 6 Headed Scanner (EZ6) is then
activated for 30 min over the subject’s posterior region.
Each scanner emits to the subject a laser beam of approx-
imately 17mWwith a wavelength of 532 nm over 15min,
and creates a spiraling circle pattern that is totally random
and independent from the others. These patterns overlap
each other to guarantee total coverage within the target
area of approximately 80 in.2/516 cm2. This converts to
each patient receiving approximately 59.2 MJ/cm2 in en-
ergy density in the front and the same amount in the back,
per session.

& The participant’s safety glasses are removed and the pro-
cedure administration session is over.
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An Erchonia expert trained the study staff in-person on the
use and maintenance of the LLLTon December 12, 2013 for a
prior study utilizing LLLT. This training session has been
documented. They were available for on-the-spot questions
and for any online retraining, as needed. The study coordina-
tors were under the direction of the nurse coordinator/
supervisor (DFR).

Behavioral intervention—Upon study entry, the study co-
ordinator completed a brief (10-min) individual behavioral
intervention introducing and reviewing a patient education
resource, the Mayo Clinic “My Weight Solution©” manual,
with the study participant, and a copy was given to them to
keep. Topics in this manual included motivational strategies,
social support, goal-setting strategies, nutritional recommen-
dations, and strategies for physical activity.

Outcomes and safety measures

The primary outcomes included (1) 3% body weight loss from
baseline; (2) anthropometric measures of waist (WC) and hip
circumference; (3) body composition measurements via
InBody 770, a bioelectrical impedance (BIA) scale used to
measure participant weight, height, and body composition
analysis (intracellular water, extracellular water, dry lean
mass, body fat mass), and estimate visceral fat [13]; (4) linear
analogue self-assessment (LASA) to self-assess quality of life
(QoL) [14–16]; (5) participant motivation to reduce weight,
self-assessed at baseline prior to study interventions; (6) Body
Areas Satisfaction Scale (BASS), a subscale from the
Multidimensional Body-Self Relations Questionnaire
(MBSRQ) [17] used to self-assess participants’ self-
perceived body image and satisfaction of eight specific body
areas [18, 19]; (7) Body Appreciation Scale (BAS), a scale to
self-assess positive body image [20]; and (8) adherence to the
study interventions recorded by staff as attendance to the laser
treatments.

The safety measures included (1) adverse events, (2) con-
comitant medication, (3) self-reported depression using the
Center for Epidemiologic Studies Depression Scale Revised
(CESD-R), and (4) urine pregnancy tests.

Study schedule

Study visits were divided into three phases: screening (09/30/
16 to 08/27/17), treatment (10/04/16 to 11/30/17), and post-
treatment (11/11/16 to 03/05/18). All participants were in
study for 6 months. The screen phase included a pre-screen
phone interview and a combined consent/screen/randomiza-
tion visit. Once randomized, participants entered the treatment
phase based on their randomization schedule. If randomized to
group A—the participant reported for treatment for 4 sequen-
tial weeks (3 times per week); if randomized to group B—the
participant reported for treatment for 6 sequential weeks (2

times per week); if randomized to group C—the participant
reported for treatment for 12 sequential weeks (1 time per
week). One week after the last treatment, participants received
a safety phone contact. Participants were required to complete
an in-person study visits at weeks 4, 6, 12, and 26 during
which time the study staff collected data pertaining to QoL
(LASA), body image (BAS and BASS), safety (adverse
events and concomitant medication), as well as vitals, BIA,
and body measurements. In addition, during the final visit
(week 26), satisfaction was measured via an end-of-study
self-assessment survey.

Statistical analysis

The primary endpoint for this investigation was change inWC
from baseline, and for this endpoint a reduction of 1.0 cm was
considered clinically meaningful. Based on preliminary data
from our previous study [5], we determined that for this ran-
domized phase II study, a sample size of N = 20 per group
would provide statistical power (one-tailed, alpha = 0.20) of
approximately 80% to assess whether additional studies are
warranted [21].

Data were summarized using mean ± SD for continuous
variables and frequency percentages for nominal variables.
Anthropometric measures at each of the study visits (weeks
4, 6, 12, and 26) were compared to baseline using the paired t
test and compared across treatment groups using analysis of
covariance with the baseline value included as the covariate.
Three pairwise treatment group comparisons were of specific
interest: the change in WC from baseline to week 4 was com-
pared between those receiving LLLT three per week and those
receiving LLLT twice and once per week; and the change in
WC from baseline to week 6 was compared between those
receiving LLLT twice per week and those receiving LLLT
once per week. The results of these comparisons are summa-
rized by presenting the effect estimate along with 90% confi-
dence intervals and one-tailed p values. All other measures
were analyzed using two-tailed tests. If the overall comparison
across treatment groups was statistically significant at the p <
0.05 level, linear contrasts were used to perform pairwise
treatment group comparisons. Data were managed using the
REDCap tool hosted at Mayo Clinic [22], and analyses were
conducted using SAS statistical software [23].

Results

Study recruitment included internet postings (75%), wait lists
(14%), word of mouth (8%), and internal flyers (3%). Of the
245 participants pre-screened, 60 were consented and ran-
domized (20 per group) (Fig. 1). All participants but one
(98%) completed at least 10 of the 12 treatments. For group
A, 18 (90%) participants completed all 12 sessions and 2
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(10%) completed 11 sessions. For group B, 17 (85%) partic-
ipants completed all 12 sessions, 2 (10%) completed 11 ses-
sions, and 1 (5%) completed 10 sessions. For group C, 18
(90%) participants completed all 12 sessions, 1 (5%) complet-
ed 11 sessions, and 1 (5%) completed 7 sessions (this last
participant had to terminate the treatments early due to preg-
nancy; see details below).

The majority of participants were white (95%), female
(90%), married/living as married (72%), with at least a 4-
year college degree (53%), average age of 43.7 years (± 9.2),
and moderately active (72%). No between-group differences
in concern, motivation, importance, and confidence in weight
loss, as well as stress level were detected using visual ana-
logue scales (0 to 10, with 0 being the lowest and 10 being the
highest) (see Table 1).

Body anthropometric and composition measurements are
summarized in Table 2, and the percentage of participants who
had weight loss of ≥ 3% is summarized in Table 3. In those
receiving LLLT 3 times per week for 4 weeks (group A), there
were no significant reductions from baseline in weight, BMI,
or waist circumference at any time point. In those receiving

LLLT 2 times per week for 6 weeks (group B), weight, BMI,
and waist circumference were all significantly reduced from
baseline at weeks 4 and 6, with significant reductions in waist
circumference also observed at 12 and 26 weeks. For those
receiving LLLT once per week for 12 weeks (group C), waist
circumference was found to be significantly reduced from
baseline at week 6. For group A, no significant changes in
body composition measurements from baseline were detected
at any time periods. For groups B and C, significant reductions
from baseline were observed starting at week 4 for body fat
mass, percent body fat, and visceral fat. When changes from
baseline were compared across groups, the only significant
finding was for the change in body fat mass at week 6, with
group B experiencing a larger reduction compared to group A.

In order to assess whether an increased frequency of LLLT
was associated with a larger reduction in body circumference,
one-tailed tests were used for three comparisons of specific
interest including the change in WC from baseline to week 4
for group A compared to group B and group A compared to
group C as well as the change in WC from baseline to week 6
for group B versus group C. In all cases, no meaningful

Table 1 Baseline characteristics

Characteristic Overall (N = 60) Treatment group

A (N = 20) B (N = 20) C (N = 20)

Age, years (mean ± standard deviation) 43.7 ± 9.2 44.6 ± 8.3 40.8 ± 8.7 45.8 ± 10.1

Sex

Female 54 (90) 15 (75) 20 (100) 19 (95)

Male 6 (10) 5 (25) 0 (0) 1 (5)

Race

White, non-Hispanic 57 (95) 18 (90) 20 (100) 19 (95)

Other 3 (5) 2 (10) 0 (0) 1 (5)

Marital status

Married, living as married 43 (72) 12 (60) 17 (85) 14 (70)

Single, separated/divorced, widowed 17 (28) 8 (40) 3 (15) 6 (30)

Highest level of education

High school graduate (± some college) 28 (47) 9 (45) 8 (40) 11 (55)

4-year college degree 14 (23) 2 (10) 8 (40) 4 (20)

Some graduate study 7 (12) 3 (15) 2 (10) 2 (10)

Graduate or professional degree 11 (18) 6 (30) 2 (10) 3 (15)

Current level of activity

Sedentary or extremely inactive 3 (5) 2 (10) 1 (5) 0 (0)

Moderately active 43 (72) 12 (60) 17 (85) 14 (70)

Vigorously or extremely active 14 (23) 6 (30) 2 (10) 6 (30)

Concern about weight (0–10) 6.3 ± 2.0 6.6 ± 1.9 6.3 ± 1.1 6.1 ± 2.7

Motivated to reduce weight (0–10) 8.2 ± 1.4 8.6 ± 1.1 7.7 ± 1.4 8.2 ± 1.6

Importance to reduce weight (0–10) 8.4 ± 1.6 8.9 ± 1.3 8.1 ± 1.5 8.1 ± 2.0

Confidence in ability to lose weight (0–10) 7.1 ± 1.9 7.6 ± 1.7 6.6 ± 2.3 7.1 ± 1.7

Current level of stress (0–10) 4.6 ± 2.1 4.9 ± 2.0 4.6 ± 2.3 4.3 ± 1.9

A = LLLT given 3 times per week for 4 weeks; B = LLLT given 2 times per week for 6 weeks; C = LLLT given 1 time per week for 12 weeks
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Table 2 Body anthropometric and BIA composition measurements

Characteristic Treatment group p value†

A (N = 20‡) mean ± SD B (N = 20) mean ± SD C (N = 20‡) mean ± SD

Weight, kg

Baseline 81.7 ± 10.5 77.1 ± 6.8 75.4 ± 7.9

Δ at week 4 − 0.5 ± 1.7 − 0.9 ± 1.7* − 0.6 ± 1.5 0.723

Δ at week 6 + 0.4 ± 1.6 − 1.0 ± 1.7* − 0.6 ± 1.5 0.027 A vs. B p = 0.008

Δ at week 12 + 0.1 ± 2.2 − 0.4 ± 1.8 − 0.4 ± 2.4 0.685

Δ at week 26 + 1.4 ± 3.8 + 0.5 ± 3.1 + 0.3 ± 2.7 0.704

Body mass index, kg/m2

Baseline 28.1 ± 1.5 27.8 ± 1.2 27.9 ± 1.5

Δ at week 4 − 0.2 ± 0.6 − 0.3 ± 0.6* − 0.2 ± 0.5 0.728

Δ at week 6 + 0.1 ± 0.6 − 0.4 ± 0.6* − 0.2 ± 0.5 0.033 A vs. B p = 0.010

Δ at week 12 + 0.0 ± 0.8 − 0.2 ± 0.7 − 0.1 ± 0.8 0.788

Δ at week 26 + 0.5 ± 1.3 + 0.2 ± 1.2 + 0.2 ± 1 0.807

Waist circumference, cm

Baseline 93.2 ± 7.0 91.4 ± 7.2 91.2 ± 6.5

Δ at week 4 − 1.4 ± 2.3 − 2.0 ± 2.5* − 0.8 ± 2.6 0.368

Δ at week 6 − 1.2 ± 2.7 − 2.0 ± 3.2* − 1.6 ± 3.3* 0.595

Δ at week 12 − 1.2 ± 2.8 − 2.4 ± 3.9* − 1.1 ± 2.9 0.359

Δ at week 26 − 1.1 ± 3.8 − 1.5 ± 3.2* − 0.2 ± 2.5 0.449

Waist-to-hip ratio

Baseline 0.86 ± 0.06 0.85 ± 0.07 0.85 ± 0.06

Δ at week 4 − 0.01 ± 0.02 − 0.01 ± 0.03 + 0.00 ± 0.02 0.431

Δ at week 6 − 0.01 ± 0.03 − 0.01 ± 0.03 + 0.00 ± 0.03 0.454

Δ at week 12 − 0.01 ± 0.02 − 0.02 ± 0.03* + 0.00 ± 0.02 0.078

Δ at week 26 − 0.01 ± 0.03* − 0.01 ± 0.03 + 0.01 ± 0.03 0.090

Body fat mass, kg

Baseline 27.4 ± 5.6 28.8 ± 3.8 28.1 ± 5.9

Δ at week 4 − 0.2 ± 1.3 − 0.9 ± 1.4* − 0.7 ± 1.2* 0.354

Δ at week 6 + 0.0 ± 1.3 − 1.1 ± 1.6* − 0.8 ± 1.1* 0.041 A vs. B p = 0.016

Δ at week 12 + 0.2 ± 1.6 − 0.8 ± 2 + 0.1 ± 4.3 0.587

Δ at week 26 + 0.6 ± 2.9 + 0.2 ± 2.9 + 0.1 ± 1.7 0.823

Percent body fat, %

Baseline 34.1 ± 8.1 37.4 ± 3.5 37.1 ± 5.5

Δ at week 4 − 0.2 ± 1.5 − 0.7 ± 1.5* − 0.7 ± 1.3* 0.777

Δ at week 6 − 0.2 ± 1.5 − 0.9 ± 1.6* − 0.8 ± 1.3* 0.479

Δ at week 12 + 0.1 ± 1.5 − 0.8 ± 1.9 − 0.7 ± 1.4* 0.438

Δ at week 26 + 0.0 ± 2.3 + 0.0 ± 2.4 + 0.1 ± 1.5 0.947

Visceral fat level

Baseline 12.9 ± 3.4 14.0 ± 2.4 13.2 ± 3.5

Δ at week 4 − 0.2 ± 1.1 − 0.8 ± 0.9* − 0.4 ± 0.6* 0.184

Δ at week 6 − 0.1 ± 1.0 − 0.8 ± 1.0* − 0.4 ± 0.8* 0.098

Δ at week 12 − 0.2 ± 1.0 − 0.7 ± 1.3* − 0.6 ± 1.1* 0.423

Δ at week 26 + 0.3 ± 1.6 − 0.1 ± 1.8 + 0.1 ± 1.0 0.810

A = LLLT given 3 times per week for 4 weeks; B = LLLT given 2 times per week for 6 weeks; C = LLLT given 1 time per week for 12 weeks; SD =
standard deviation

*Statistically significant change from baseline (paired t test p < 0.05)

†Change from baseline was compared across groups using analysis of covariance (ANCOVA) with the baseline value included as a covariate

‡Data were missing at week 6 for one subject in group A. Data were missing at weeks 12 and 26 for one subject in group C
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differences were found (week 4—A vs. B effect estimate = +
0.62, 90% CI − 0.68 to + 1.92, one-tailed p = 0.783; week 4—
Avs. C effect estimate = − 0.50, 90% CI − 1.80 to + 0.80, one-
tailed p = 0.266; week 6—B vs. C effect estimate = − 0.40,
90% CI − 1.98 to + 1.18, one-tailed p = 0.340). When all other
measurements were compared across groups, reductions in
weight and BMI at 6 weeks were found to be statistically
significant with those in group B having significantly larger
reductions compared to group A (Table 3).

No significant differences were observed across groups
with respect to changes from baseline in motivation, body
satisfaction, body appreciation and overall quality of life
(QoL) (Table 4), except for the QoL domain of physical,
which was significant at week 12 for group B. However,
changes across time show a positive trend in BASS (weeks
6, 12, and 26), BAS (weeks 6, 12, and 26), motivation to lose
weight, overall QoL (weeks 6 and 12), and physical QoL
(weeks 6, 12, and 26) in group B compared to baseline.

One serious adverse event of pregnancy was reported after
the seventh treatment in a participant in group C. All treat-
ments were stopped and the patient was followed through a
healthy delivery. During the course of the 26-week study, 29
(48%) of the participants reported 39 adverse events, none of
which were determined to be related to the LLLT. Depression
was monitored throughout the study using the CESD-R with
three participants reporting situational depression at some
point during the study. Upon further assessment, the situation-
al depression was found not to be related to the study and the
patient was cared for in the appropriate manner per appropri-
ate medical care. These participants continued in the study and
treatment was not halted.

At the end of our study, participants were asked questions
about changes made in lifestyle (e.g., reducing calorie intake,
making healthier nutrition choices, exercising, increasing wa-
ter intake, wearing body-constricting undergarments) during
the 26-week study period. The percent of patients reporting
lifestyle changes was similar across groups with 50%, 45%,

and 60% reporting one or more lifestyle changes in groups A,
B, and C, respectively. In addition, no significant difference
was observed between groups with respect to satisfaction with
treatment assignment (overall satisfaction with the frequency
of LLLTwas reported as “satisfied” or “extremely satisfied” at
week 26 (end of study) by 50% (10/20) in group A, 65% (13/
20) in group B, and 40% (8/20) in group C) (Table 5).

Discussion

In this pilot project, three frequencies of LLLT treatment ther-
apy were examined and results indicate that treating adults
twice weekly for 6 weeks (group B) was the best option for
adults who are overweight and motivated to lose weight com-
pared to once a week (group C) or 3 times a week (group A).

For group B (2 LLLTs per week for 6 weeks), a significant
reduction was noted when compared to group A (3 LLLTs per
week for 4 weeks) in weight and BMI; within groups, a sig-
nificant reduction from baseline was noted in group B for
weight, BMI, body fat mass, and percent body fat at weeks
4 and 6, as well as a reduction in visceral fat level at weeks 4,
6, and 12; a reduction was noted in waist circumference at
weeks 4, 6, 12, and 26; a significant waist-to-hip ratio reduc-
tion was noted at week 12; improvement in body area satis-
faction and body appreciation was noted at weeks 6, 12, and
26 and improvement in overall quality of life at weeks 6 and
12. No side effects were reported related to LLLT in any of the
three treatment conditions. Overall satisfaction was higher
among participants assigned to twice-weekly treatments
(group B) than the other groups. For group B, 25% of the
patients achieved 3% weight loss at end of the treatments
(week 6) and 15% continued to maintain the 3% weight loss
from baseline at end of study (week 26).

The finding that participants receiving two LLLTs per week
for 6 weeks (group B) experienced greater reduction in weight
and body fat mass at 6 weeks compared to those receiving
three LLLTs per week for 4 weeks (group A) suggests that a
longer duration of moderate intensity is preferable when com-
pared to a short duration of higher-intensity therapy. In addi-
tion, no evidence was observed to suggest that 12-week out-
comes were improved with 12 weeks of once-weekly LLLT
(group C) compared to 6 weeks of twice-weekly LLLT (group
B). Observed differences at 12 weeks suggest that the moder-
ate intensity (2 LLLTs per week for 6 weeks—group B) is
preferred.

Consistent with previous literature, LLLT was associated
with reduction in weight, BMI, WC, waist-to-hip ratio, and
body fat mass. Participants in this pilot project demonstrated
that these effects may be ideally achieved when they are de-
livered twice weekly. This association is confirmed by another
study of 67 participants who were overweight and were ran-
domized to six LLLT treatments of either true LLLT or sham

Table 3 Weight loss of ≥ 3%

Study week Treatment group p value*

A (N = 20†)
mean ± SD

B (N = 20)
mean ± SD

C (N = 20†)
mean ± SD

Week 4 3 (15) 4 (20) 3 (15) 1.00

Week 6 1 (5) 5 (25) 4 (20) 0.305

Week 12 2 (10) 4 (20) 3 (16) 0.750

Week 26 3 (15) 3 (15) 3 (16) 1.00

A = LLLT given 3 times per week for 4 weeks; B = LLLT given 2 times
per week for 6 weeks; C = LLLT given 1 time per week for 12 weeks;
SD = standard deviation

*Fisher’s exact test

†Data were missing at week 6 for one subject in group A. Data were
missing at weeks 12 and 26 for one subject in group C
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LLLT [6]. Within this placebo-controlled study, 63% of the
active participants (vs. 6% in the sham arm) lost a combined
total of ≥ 3.0 in. from waist, hip, and bilateral thighs from
baseline to end of treatment. In our study, we observed a loss
of 2.4 in. in waist circumference at end of treatment

(compared to baseline) and a reduction of 1.5 in. at end of
study compared to baseline. It is important to note that retro-
spective studies have supported the body measurement reduc-
tions achieved (e.g., waist, hips, thighs) with LLLTand report-
ed concomitant decreases in weight [7].

Table 4 Self-assessments

Characteristic Treatment group p value†

A (N = 20‡) mean ± SD B (N = 20‡) mean ± SD C (N = 20) mean ± SD

Motivation to lose weight

Baseline 8.7 ± 1.3 7.7 ± 2.0 8.3 ± 1.6

Δ at week 4 − 0.2 ± 1.1 + 0.5 ± 2.1 − 0.2 ± 0.9 0.589

Δ at week 6 − 0.3 ± 1.1 + 0.2 ± 2.4 − 0.3 ± 1.0 0.884

Δ at week 12 − 0.4 ± 1.6 + 0.1 ± 2.2 − 0.2 ± 0.9 0.962

Δ at week 26 − 0.8 ± 2.0 − 0.1 ± 2.8 − 1.2 ± 2.0* 0.484

Body Area Satisfaction Scale (BASS)

Baseline 3.4 ± 0.4 3.2 ± 0.5 3.3 ± 0.5

Δ at week 4 + 0.1 ± 0.4 + 0.1 ± 0.4 + 0.2 ± 0.3* 0.417

Δ at week 6 + 0.1 ± 0.4 + 0.2 ± 0.4* + 0.1 ± 0.4 0.710

Δ at week 12 + 0.1 ± 0.5 + 0.3 ± 0.3* + 0.2 ± 0.4 0.350

Δ at week 26 + 0.2 ± 0.5 + 0.2 ± 0.4* + 0.2 ± 0.5 0.449

Body Appreciation Scale (BAS)

Baseline 3.8 ± 0.5 3.6 ± 0.6 3.7 ± 0.6

Δ at week 4 + 0.0 ± 0.4 + 0.1 ± 0.5 − 0.1 ± 0.4 0.346

Δ at week 6 + 0.1 ± 0.4 + 0.2 ± 0.3* + 0.0 ± 0.4 0.463

Δ at week 12 + 0.1 ± 0.5 + 0.2 ± 0.4* + 0.0 ± 0.4 0.379

Δ at week 26 + 0.2 ± 0.5 + 0.3 ± 0.3* − 0.0 ± 0.5 0.284

Overall QOL using (Linear Analogue Self-Assessment—LASA)

Baseline 8.3 ± 1.6 7.9 ± 1.4 8.1 ± 1.7

Δ at week 4 − 0.2 ± 1.0 + 0.3 ± 1.0 + 0.0 ± 1.2 0.815

Δ at week 6 − 0.2 ± 0.7 + 0.5 ± 0.8* + 0.0 ± 1.0 0.117

Δ at week 12 − 0.2 ± 1.1 + 0.5 ± 1.0* + 0.0 ± 1.1 0.264

Δ at week 26 − 0.3 ± 0.7 + 0.3 ± 0.9 − 0.0 ± 1.1 0.297

Mental QOL

Baseline 8.6 ± 0.8 8.0 ± 1.6 8.4 ± 1.7

Δ at week 4 − 0.5 ± 1.1 + 0.3 ± 0.9 − 0.1 ± 1.1 0.198

Δ at week 6 − 0.4 ± 0.9 + 0.3 ± 1.2 − 0.4 ± 1.0 0.148

Δ at week 12 − 0.5 ± 1.2 + 0.4 ± 1.1 − 0.3 ± 1.1 0.175

Δ at week 26 − 0.3 ± 0.9 + 0.3 ± 0.9 − 0.6 ± 1.4 0.108

Physical QOL

Baseline 7.9 ± 1.6 7.0 ± 1.3 7.5 ± 1.4

Δ at week 4 + 0.0 ± 1.6 + 0.3 ± 1.2 + 0.1 ± 1.0 0.690

Δ at week 6 + 0.0 ± 1.6 + 0.8 ± 1.1* + 0.1 ± 1.2 0.312

Δ at week 12 − 0.1 ± 1.1 + 1.0 ± 1.1* + 0.3 ± 1.0 0.032 A vs. B p = 0.012

Δ at week 26 − 0.3 ± 1.2 + 0.7 ± 1.1* − 0.2 ± 1.6 0.113

A = LLLT given 3 times per week for 4 weeks; B = LLLT given 2 times per week for 6 weeks; C = LLLT given 1 time per week for 12 weeks; SD =
standard deviation

*Statistically significant change from baseline (paired t test p < 0.05)

†Change from baseline was compared across groups using analysis of covariance (ANCOVA) with the baseline value included as a covariate

‡Data were missing at week 6 for 2 subjects in group A. Data were missing at week 6 for 1 subject in group B
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The current US guidelines for clinical weight management
recommend a 6-month weight loss goal of 3–5% from base-
line weight [24]. Even such a modest weight loss can produce
health benefits through reductions in triglycerides, blood
sugars, and risk for diabetes, with larger weight loss producing
greater benefits. In this study, all groups were able achieve
this, but group B had the most consistent weight loss through-
out the study. We propose that LLLT 2 times per week for
6 weeks achieves an appropriate balance between intensity
and duration with the LLLT protocol. We were not able to
find any prior published studies focused on these weight loss
goals for patients who were overweight with a BMI of 25–
29.9 kg/m2. Past studies have focused on patients who are
obese and have used medications (i.e., orlistat, metformin,
naltrexone/bupropion, lorcaserin) or surgical interventions
with other lifestyle modifications (i.e., behavioral interven-
tions). In these studies, a 5% weight loss from baseline has
been achieved in 33% to 80% [5, 24–27] of participants, but
whether such a loss has been able to be maintained long term
is unknown.

Low QoL has been associated with obesity and overweight
[28, 29]. Indeed, one past study compared QOL of individuals
who were overweight and obese to the general population and
observed them to have lower QOL, especially in the physical
and mental domains. With weight loss, these QoL domains
improved [28]. Other studies have observed that QoL domains
most improved with weight loss are the physical and mental
domains [28, 30–34]. In the present study, we observed that
LLLT in group Bwas associatedwith improvements in overall
QoL. Specifically, we observed significant improvement in
the physical role domain of QOL at weeks 6, 12, and 26 (+
0.8 ± 1.1, + 1.0 ± 1.1, and + 0.7 ± 1.1, respectively). We ob-
served that participants had an improved attitude toward their
body (better appreciation and satisfaction) as well as improved
motivation after starting LLLT. These changes were insignif-
icant for group B in which the trend continued until the end of
the study.

Across the three groups, 55–65% of the participants report-
ed that LLLT was helpful and 35–60% said they would rec-
ommend it to friends. Participants may have set unrealistic
expectations of a larger weight loss with LLLT treatment
and became disappointed when those expectations were not
met. This mind set phenomenon is not unusual in weight loss
programs where setting unrealistic expectations is a barrier to
weight loss [35]. In a study of 60 females who are obese
(mean BMI of 36.3 kg/m2) in which participants set a goal
of 32% body weight reduction, and the average weight loss
was less than 17% from their baseline weight, participants
deemed the program a failure [36]. Two other studies with
individuals with BMIs ≥ 40 kg/m2 or higher observed this
same phenomenon [37, 38]. Individuals with higher baseline
weight may have more unrealistic goals for weight loss and
high unrealistic expectations set prior to the program which
led to poor program compliance and worse outcomes [35]. In
the current investigation, study staff provided accurate infor-
mation concerning LLLTand healthy weight loss expectations
(5–10% per US guidelines [24]). This discussion may have
improved adherence and reduced study attrition. In a prior
study of 1785 patients who were obese throughout 23 Italian
medical centers, higher weight loss expectations were associ-
ated with higher 12-month attrition [39]. In addition, a recent
review of 19 weight loss studies observed that higher stages of
change at baseline, higher initial weight loss, higher educa-
tion, and older age are predictors of adherence to weight loss
interventions [40]. Future studies should include counseling
components to manage expectations of weight loss.

Finally, all but one prior LLLT studies have focused their
outcome measures of weight, BMI, and anthropometric mea-
surements at end of treatment and not on long-term
(6 months) outcomes. We have evaluated outcomes 3 months
after LLLT therapy completion [5]. In that study, we ob-
served that patients receiving LLLT had no weight changes
(− 1.4 ± 3.6 kg) and waist circumference lost centimeters (−
2.8 ± 4.3 cm) within 3 months of the last laser treatment [5].

Table 5 End of study questions

Question Overall Treatment group p value*

N = 60 A (N = 20*) B (N = 20*) C (N = 20)

LLLT assignment was helpful (overall) 36 (60) 11 (55) 13 (65) 12 (60) 0.945

Feel LLLT assignment helpful in reducing weight 17 (28) 6 (30) 7 (35) 4 (20) 0.675

Ease in undertaking the LLLT assignment 45 (75) 16 (30) 13 (65) 16 (80) 0.602

Others would use the LLLT you were assigned 27 (45) 11 (55) 10 (50) 6 (30) 0.266

Helpfulness of counseling manual helpful 33 (55) 11 (55) 13 (65) 9 (45) 0.499

Satisfied with LLLT assignment 31 (52) 10 (50) 13 (65) 8 (40) 0.324

Recommend LLLT you were assigned to family/friends 28 (47) 12 (60) 7 (35) 9 (45) 0.322

A = LLLT given 3 times per week for 4 weeks; B = LLLT given 2 times per week for 6 weeks; C = LLLT given 1 time per week for 12 weeks

*Fisher’s exact test
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In the current study, we observed that as motivation de-
creased post-treatment, the success made toward weight loss
and reduced waist circumference diminished and weight and
inches were regained. In order for weight loss maintenance
to be successful, it should be maintained for 2 to 4 years [41]
and, to date, the only successful programs have been ones
which consist of high physical activity, low-calorie/low-fat
diets, and daily self-monitoring [24, 41, 42]. This can only be
achieved through motivational enhancement. More studies
are needed to determine the long-term maintenance efficacy
of LLLT.

Although our small sample size is acceptable for a pilot
study, it limits the ability to detect significant differences be-
tween groups. In addition, the open-label design limits our
study due to patient selection bias [43], participant retention
bias [44], and participant performance bias [45]. Some eligible
participants decided not to participate knowing there was a
chance they would not receive their preferred schedule.
Since LLLT is a new weight loss intervention, it is not known
what healthy lifestyle recommendations can be tailored to
LLLT, such as more focus on strength training or nutritional
guidelines. We provided all participants with a self-help guide
on weight loss at study enrollment and a brief orientation to
the manual. We did not provide any further reference to the
manual during study participation or any counseling thereaf-
ter. Fifty-five percent of the participants indicated the counsel-
ing manual was helpful but would have welcomed behavioral
intervention throughout the study. A strengthened behavioral
modification component could be explored as a potential co-
intervention to LLLT for future studies.

Conclusions

Providing 12 LLLT treatments over the course of 6 weeks
twice per week is effective for reducing body weight, BMI,
body fat mass, and percent body fat as well as improving body
satisfaction, body appreciation, and overall quality of life. At
end of treatment, 30% of participants who were overweight
(BMI of 25.0 to 29.9 kg/m2) in the twice-weekly group lost
greater than 3% of baseline weight. More research should be
conducted to determine if additional improvements in body
anthropometric measurements can be achieved by adding oth-
er non-burdensome components to the LLLT intervention
such as behavioral counseling.
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