® Journal of Population Therapeutics

® & Clinical Pharmacology

RESEARCH ARTICLE
DOI: 10.47750/jptcp.2023.30.03.010

Effect of Photo-Bio modulation on lipid profile in Patients with type 2 diabetes
mellitus: A Randomized Clinical Trial

Hany Mahmoud Fares?, Hend Abd EI-Moneam Abd El-Moneam?, Asmaa Abdel Maksoud Ghanem?,
Basant Hamdy Elrefaey*°, Tamer I. Abo Elyazed®

1Department of Physical Therapy for Internal Medicine, Faculty of Physical Therapy, Ahram Canadian
University, Egypt

2Department of Physical Therapy for Internal Medicine, Faculty of Physical Therapy, Cairo University
, Egypt

3Department of Internal Medicine, Faculty of Medicine, Fayoum University, Egypt.

4Department of Medical Rehabilitation Sciences, College of Applied Medical Sciences, King Khalid
University, Abha, Saudi Arabia

5 Department of Physical Therapy for Cardiovascular/Respiratory Disorders and Geriatrics, Faculty of
Physical Therapy, Cairo University, Giza, Egypt

5Department of Physical Therapy for Internal Medicine, Faculty of Physical Therapy, Beni-Suef
University, Egypt

*Corresponding author: Hend Abd EI- Moneam Abd EI-Moneam, lecturer of physical therapy,
Department of Physical Therapy for Internal Medicine, Faculty of Physical Therapy, Cairo University,
Egypt, Email: drhendpt@cu.edu.eg

Submitted: 14 November 2022; Accepted: 20 December 2022; Published: 24 January 2023

ABSTRACT
Objective: to investigate the low level laser therapy (LLLT) efficiency by using laser watch as an
adjunctive therapy of dyslipidemia in type 2 diabetes mellitus (T2DM) patients.

Methods: The study included sixty adult patients with diabetic dyslipidemia of both gender. They
were split into two groups. Study group received anti diabetic drugs along with laser watch therapy (3
sessions /week for 12 weeks), while control group received only anti diabetic drugs. Blood sugar (FBS,
2HPP and HbA1C) and lipid panel (TG, TC, LDL and HDL) were measured before and at completion
of the study.

Results: A significant improvement in blood sugar and serum lipid profile was seen in both groups (P
< 0.001), the study group, however, displayed more significant outcomes (P < 0.001).

Conclusion: LLLT using laser watch can be used as a complementary treatment for dyslipidemia in
T2DM patients to improve blood lipid profile and blood sugar.

Keywords: laser watch, low level Laser therapy, Type 2 diabetes mellitus (T2DM), Lipid profile.
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INTRODUCTION

Diabetes mellitus (DM) necessitates ongoing
medical attention as it has reached epidemic
levels (1). According to the Diabetes Atlas, 2020,
there are 463 million patients with DM globally.
They also stated that patients will count up to 578
and 640 million patients by 2030 and 2040
respectively (2). T2DM represents more than
90% of diabetes cases worldwide and is
characterized by persistently hyperglycemia due
to lack of or resistance to insulin (3). Diabetic
patients are at risk of both micro and macro-
vascular hazards that leads to early death (4).

Dyslipidemia is very common among diabetic
patients affecting around 72-85 % of patients (5).
Increased plasma triglyceride (TG), low high
density lipoprotein (HDL) cholesterol levels, and
an increase in low density lipoprotein (LDL)
cholesterol  particles are the defining
characteristics of diabetic dyslipidemia. Insulin
resistance or insufficiency affects important
enzymes and metabolic pathways involved in
lipid metabolism that leads to increased free fatty
acid flow (6). Dyslipidemia increases the
mortality risk in diabetes patients as it increases
atherosclerosis risk and consequently increases
incidence of stroke and cardiovascular risk (7).
Consequently for preventing that, it requires
early detection and effective care of dyslipidemia
(8).Treatment of dyslipidemia includes dietary
modifications, physical activity, good glycemic
control and lipid-lowering medications (9).

Photo-bio modulation (PBM) or LLLT is secured
noninvasive technique that does not produce
heat, sound or vibration. It produces a single
wavelength of light that has the characteristics of
brightness, mono-chromaticity, directionality
and spatial and temporal coherence (10). LLL
has 300-10,600 nm wavelength, 0-5000 Hz pulse
rate, its 0.00-0.1 W power output, 0.01-100
J/lcm2 dosage and 0.01-10 W/cm2 intensity (11).

Transcutaneous laser blood irradiation impacts
the entire body because the laser light is focused
continuously on a region with undamaged skin
and many blood vessels (like the forearm) (12).
The laser watch is the newest innovation in laser
medicine and is applied before the wrist (13). It
increases the arterio-venous oxygen difference
and enhances oxidation of pyruvate and glucose.
It stimulates synthesis of nitric oxide (NO) and
adenosine triphosphate (ATP) (14). It enhances
microcirculation, reduces tissue hypoxia,
promotes tissue oxygenation, restores normal

tissue metabolism that makes laser watch has
numerous therapeutic applications in multiple
and complex diseases as DM (15-16). According
to Litscher's study, using laser watch lowers
levels of glucose, cholesterol, LDL, and very low
density lipoprotein (VLDL) and improves the
immune and hormonal functions (13).

Thus, the purpose of study to investigate the
effectiveness of laser watches along with
standard medical treatment in treatment of
diabetic dyslipidemia.

PATIENTS AND METHODS

Participants and study design

A randomized clinical trial was carried out
between July 2021 and February 2022.
Regardless of gender or body mass index (BMI),
sixty clinically stable patients with T2DM and
dyslipidemia (LDL more than130 mg/dl - HDL
less than 50 mg/ dI-TG more than 150 mg/dl -
Total cholesterol (TC) more than or equal 200
mg/dl) were enrolled in the trial. Their HA1C
levels were > 7 % and < 9 % and they had begun
their medical treatment more than a year ago.
Also, their ages ranged from 40 to 60. The
patients were selected from the internal medicine
outpatient clinics of Kasr Al-Aini Hospital

Participants had none of the following exclusion
conditions: taking specific drugs that could alter
the validity of the test results or influencing blood
cholesterol and weight as corticosteroids or
diuretics; uncontrolled diseases as liver or renal
failure, cardiovascular instability (unstable
angina, myocardial infarction, severe hypo- or
hypertension, arrhythmias and congestive heart
failure ) and severe autonomic neuropathy, as
they would impact response to treatment;
photosensitivity  reaction; active infection,
wound, burn, allergy or another external injury
to laser treatment area; smokers and alcoholics;
hypothyroidism; anemia, hemorrhagic disorders
or history of cancer; pregnant women, breast-
feeding, or planning pregnancy before the study
ended; mental illness as schizophrenia or
dementia.

The patients were assigned into two equal groups
randomly: the study group (n=30) had LLLT on
the wrist for 12 weeks (3 sessions /week) along
with hypoglycemic drugs (Metformin and
vildagliptin), while the control group (n=30),
received only hypoglycemic drugs.
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A coworker who was both independent of the
study and blinded to it carried out the
randomization by taking sealed, opaque
envelopes from a box and randomly placing the
group description into each of them.

All study participants were given information on
the procedure, hazards, and anticipated benefits.
Before enrollment a written consent was signed
by all participants. All participants underwent a
thorough examination prior to beginning the
study. The Ethical Committee of the Faculty of
Physical Therapy at Cairo University reviewed
and authorized the study (P.T.REC/012/003313).

Evaluation procedures

Anthropometric measurement

Body weight, height and waist circumference
(WC) was measured at baseline and BMI was
calculated using the following formula:

BMI= weight (kg) / [height (m)] 2 a7)

Laboratory analysis

Assessment of blood sugar and lipid profile was
done for both groups before and after study
completion (after 12 weeks).

Intervention with low level laser treatment

A semiconductor LLL medical device, laser
watch (model: BS-W11, China), that is utilized
for irradiation of extravascular blood through
ulnar and radial wvessels. The application
parameters and characteristics of laser watch
radiation are represented in table 1.

Medical device experts at the National Institute
of Laser Enhanced Sciences, Cairo University,
Egypt, analyzed and examined the device to
certify that it has collimation, coherence, and
monochromatic qualities.

TABLE 1: The application parameters and characteristics of laser watch radiation

Parameters

Value

Site of applications:

At wrist of the non-dominant hand to prevent
interference with daily activities of the patients

Monochromatic wave length (nm)

650

Maximum power produced by a single 0.005

laser output (W)

A spot's diameter (cm) 0.2

A spot's size (cm?) 0.03

Power density (w/cm?) 0.16
Radiation time (s) 1800
Energy density (J/cm?) 288

Energy (J) 8.64

Mode for terminal laser output Continuous
Session Duration Thirty minutes
Laser beams numbers Ten

Time

Patients need to fast four hours in the morning prior
the session to prevent rise in blood sugar levels

Total duration of treatment

Three times a week for 12 consecutive weeks

Type of beam

(Red) infrared laser light

Instability of the terminal laser output

+ Ten percentage

Mode of display

Liquid crystal display

Safety class

3R-class laser product, internally powered supply
apparatus

Calculation of sample size

G*Power statistical program (version 3.1.9.2;
Germany) was used to calculate the sample size.
Type | error frequency was established at 5% (=

0.05), while the type Il error frequency was
established at 80% power (p = 0.2).The ideal
sample number was found to be n = 60.
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STATISTICAL ANALYSIS
Data were processed through using statistical
package for the Social Sciences (SPSS) version
28. Unpaired t test and Mann-Whitney test were
used for comparisons between groups for
normally distributed quantitative variables and
non-normally distributed quantitative variables
respectively. Paired t test and Wilcoxon signed
rank test were used for comparisons between pre
and post values in each group .Chi square (x2)

test was performed for comparing categorical
data. P-values less than 0.05 were considered as
statistically significant

RESULTS
Data was extracted from 60 patients with diabetic
dyslipidemia that completed the study.
Recruitment,  exclusion, evaluation, and
intervention are all illustrated in (Figure 1)

eligibility = 73

Patients assessed for

Cmitted =13

v

A 4

Did not meet the inchizion criteria =11

Declined to participate = 2

Randomized (n=60)

Study group (n=30)

Received lazer watch with standard anti
diabetic drugs (Metformim and
vildagliptin)

Control group (n=30)

Received standard anti diabetic diugs
(Metformin and vildagliptin)

After 12 weeks. the whole studied participants were reevaluated (n=60)
No drop out

No reported side effect

FIGURE 1: Flow chart of studied participants

Baseline factors such as age, height, weight,
BMI, WC, blood sugar (HBAlc, FBS, 2HPP),
and lipid profile levels (TG, T. CHOL, LDL,

HDL,T. CHOL/HDL, and LDL-C/HDL) did not
significantly differ between the groups (P value
> 0.05), as demonstrated in table 2.
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TABLE 2: The study participants' baseline characteristics

Characteristics Study group (N=30) Control group (N=30) P value
(Mean £ SD)

Females/males [N (%0)] 22 (73%) / 8 (27%) 23 (76.6%) / 7 (23.3%) 0.874
Age (y) 53.7 +3.78 54.15+ 4.15 0.66
Height (m) 1.61+ 0.05 1.62+ 0.06 0.183
Weight (Kg) 73.28+6.8 73.55 + 8.53 0.746
BMI (kg/m2) 28.6+33.57 28.03+3.8 0.52
Male WC (cm) 104.18+ 2.79 104.25+ 3.22 0.957
Female 94.63 8+ 3.07 93.888+ 3.83 0.546
HBA1C (%) 7.54+0.30 7.52+0.26 0.760
FBG (mg/dl) 155.19 £ 6.29 153.8 2+ 5.07 0.379
2h PPBG (mg/dl) 217.59 +10.42 219.32 +9.38 0.520
TG (mg/dl) 178.44 + 15.84 177.29 +15.35 0.327
T. CHOL (mg/dI) 219.81+10.87 218.36 + 11.47 0.076
LDL 140.00 £ 7.35 140.32 £ 7.02 0.498
HDL 38.00+ 2.14 37.75+2.22 0.787
Male 41.88 + 5.06 40.62 + 3.90 0.440
Female

T.CHOL /HDL 5.78 £ 0.53 5.79 £0.63 0.566
Male 5.24 +0.87 5.37 £ 0.62 0.926
Female

LDL-C/HDL 3.68 £0.42 3.71+0.48 0.820
Male 3.34+0.59 3.45+0.37 0.458
Female

WC: Waist circumference, BMI: body mass index, HBA1C, Hemoglobin A1C, FBG: Fasting blood sugar,
2hPPBS: 2hour post prandial blood sugar, T. CHOL.: total cholesterol, TG: triglyceride, HDL: high-density
lipoprotein, LDL: low-density lipoprotein.

As demonstrated

in table 3, there was a

significant reduction in HbA1C, FBG, and 2HPP
following the treatment in both groups, with

more significant outcomes in the study group in
comparison to the control group (p < 0. 001).

TABLE 3: Blood sugar levels comparison before and after the intervention (12 Weeks).

Variable | Study group (n=30) control group (n=30) P
Pre Post % P Pre Post % P value
Mean + SD Mean * | chan val Mean =+ Mean + chan val betwe
SD ge ue SD SD ge ue en
group
s
HBAlc 6.36 + | -15.7 <0. 752 + | 691 <+ | - <0. <0.001
7.54 +0.30 0.22 00 0.26 0.21 8.11 00
1 1
FBG 155.19 + | 12852 + | - <0. 153.8 2+ 14132 + | - <0. <0.001
6.29 491 17.1 00 5.07 3.50 8.12 00
8 1 1
2h 217.59 + | 18237 + | - <0. 219.32 + | 20196 + | - <0. <0.001
PPBG 10.42 7.79 16.1 00 9.38 6.87 7.91 00
8 1 1

HBALC: Hemoglobin A1C, FBG: Fasting blood sugar, 2hPPBS: 2hour post prandial blood sugar.
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In comparison to the control group, there was a
more substantial rise in HDL concentration and a
significant decrease in TG, T.CHOL, LDL, T.

CHOL/HDL, and LDL-C/HDL in the study
group (P<0.001), as shown in table (4)

TABLE 4: Comparison of Pre and post intervention for Lipid Components

Study group (n=30) control group (n=30) P
Pre Post % | P | Pre Post % p | valu
Meanz Mean + cha | va Meant Mean + cha | va | €
SD SD nge | lu | SD SD nge | lu | betw
e e een
grou
ps
TG 178.44 + 155.96 + - <0 17729 + | 166.39 % - <0 0.01
15.84 14.78 12. .0 15.35 14.43 6.1 .0 1
59 01 4 01
T.CHOL 219.81+ 199.19 + - <0 218.36 + 208.75 * - <0 <0.0
10.87 10.49 9.3 .0 11.47 10.43 4.4 .0 01
8 01 0 01
LDL 140.00 120.59 + - <0 140.32 + 131.14 + - <0 <0.0
7.35 7.13 13. .0 7.02 5.97 6.5 .0 01
86 01 4 01
HDL
Male 38.00 <+ 4391 + 15. <0 3775 £ 40.67 =+ 1.7 <0 <0.0
Female 2.14 2.07 55 .0 2.22 2.42 3 .0 01
4188 = 4750 =+ 13. 01 | 4062 <« 4344 + 6.9 01 <0.0
5.06 4.24 4 <0 | 3.90 3.85 4 <0 01
.0 .0
01 01
T. CHOL
/HDL
Male 5.78 * 453+ - <0 579 £ 513 £ - <0 <0.0
Female 0.53 0.31 21. .0 0.63 0.42 11. .0 01
524 419 + 62 01 | 5.37 * 480 + 39 01 <0.0
0.87 0.39 - <0 | 0.62 0.47 - <0 01
20. .0 10. .0
03 01 61 01
LDL-
C/HDL 3.68 £ 2.39+0.1 - <0 371 + | 322 * - <0 <0.0
Male 0.42 9 35. .0 0.48 0.33 13. .0 01
Female 334 = 253 £ 05 01 | 3.45 * 301 + 20 01 <0.0
0.59 0.26 - <0 | 0.37 0.28 - <0 01
24, .0 12, .0
25 01 75 01

T. CHOL. total cholesterol, TG: triglyceride, HDL.: high-density lipoprotein, LDL: low-density lipoprotein.

DISCUSSION

Among the main reasons for cardiovascular
diseases and fatality in DM is dyslipidemia (18).
LLLT has been suggested to decrease
cholesterol-genesis and hence lower cholesterol
and triglyceride levels (19). The aim of the study
was to investigate effect of laser watch on T2DM
lipid profile.

The study's findings suggested that using laser
watch and hypoglycemic drugs dramatically
lowers blood sugar in T2DM patients (FBS,
2HPP, and HbALC). These reductions were
17.18%, 16.18%, and 15.7%, respectively, as

opposed to 8.12%, 7.91%, and 8.11% among
control group (P < 0.001). Additionally, study
group had even more substantial results than the
control group, with both having statistically
significant increases in HDL and decreases in
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TG, TC and LDL. Within study group, TC, TG
and LDL decreased by 9.38%, 12.59%, and
13.86%, respectively, while HDL increased by
15.55% in males and 13.4% in females compared
to baseline readings. In contrast to control group,
TC, TG, and LDL declined by 4.4%, 6.14, and
6.54%, respectively, while HDL increased by
7.73% in men and 6.94% in women (P < 0.001).

Our findings support Serry et al conclusions that
extravascular laser blood irradiation by laser
watch lowers blood sugar, with decreases in FBG
and HbA1C of 14.95 and 15.42%, respectively in
comparison to 8.77 and 8.28% in the control
group (20).

Our results also support a meta-analysis
conducted by Kazemikhoo et al and other studies
that suggested that intravenous laser therapy
dramatically lowers blood glucose levels in
T2DM and can be utilized as added therapy (21-
23).

Up to our Knowledge, This is the initial
investigation on the effect of a laser watch on
lipid profile in T2DM as a result; we relied on
previously published research on the impact of
transcutaneous or intravenous laser blood
irradiation (IL1B) on lipid profiles.

According to Hakami et al, LLLT has an impact
on the in vitro lipid and glycemic profiles of
chosen healthy participants. Consequently, the
application of LLLT may have therapeutic
benefits for DM and dyslipidemia (24).

Melekhovets et al reported that ILIB decreases
level of TG, TC and LDL in patients with
dyslipidemia solely or with hypothyroidism, and
this is consistent with our findings. However,
ILIB was used for just one month as opposed to
our trial where laser watch was used for 12 weeks
(25).

Additionally, Liu observed that patients with
cerebral infarction or coronary heart disease who
get intranasal laser therapy have improved blood
lipid profiles (26).

In a pilot investigation, the impact of systemic
trans-mucosal and/or transcutaneous laser
therapy on lipid profiles (TC, HDL, LDL, and
TG) and blood sugar at 30 and 60 days was
examined. The findings demonstrated the safety
of using ILIB for controlling lipid profile and

blood glucose, regardless of the irradiation route
(either trans mucosal or transcutaneous) (27),
Results therefore agree with us and with previous
reports (12, 19).

Said and Elnhas came to the conclusion that
LLLT applied to the abdomen has reported a
substantial drop in TG, TC, and LDL with
percentages of improvement (decrease) 13.26%,
7.28%, and 6.79%, respectively, and non-
significant effect on HDL (28) and are therefore
in keeping with prior results (19, 29-33). This
somewhat matches our findings, however we
observed a higher percentage of improvement,
and HDL levels greatly improved, correlating
with previous studies that also showed a
considerable rise in HDL (34-36).

This improvement can also be explained by the
fact that lasers promote lipid peroxidation and
boost superoxide generation. The lipids in the
cell membrane are degraded by increased
generation of reactive oxygen species. Lipids and
fatty material enter the interstitial space through
temporary pores created in the cell membrane,
where the lymphatic system eliminates the fatty
waste [37]. It might be accounted for by the
possibility that the LLLT could modify the
intracellular redox state and the potential of the
mitochondria membrane, leading to an increase
in the rate of ADP-ATP exchange. By modifying
the transcription factors necessary for the
expression of crucial genes involved in the
biosynthetic pathway, these mitochondrial
alterations may decrease cholesterol genesis (19,
29).

Maahs et al stated that better control of blood
glucose can partially improve diabetes
dyslipidemia (38). With good glycemic control in
DM, LDL catabolism increased and VLDL levels
decreased due to decreased glycation and
increased LDL receptors, which in turn resulted
in lower levels of TC and TG (39-40). This can
explain improvement of lipid profile in the
control group.

Despite that the outcomes are encouraging; the
trial had certain limitations due to the small
number of patients enrolled. As a result, more
research with more participants and longer
periods of follow- are required.
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CONCLUSION
The study's overall findings show that using a
laser watch as an additional therapy beside
standard treatment to treat people with T2DM
and dyslipidemia is safe and effective.
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