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Abstract

Introduction. The aim of this study was to investigate the effectiveness of low level laser therapy (extravascular laser blood
irradiation) on glycaemic levels in type 2 diabetes mellitus patients.

Methods. Sixty patients with type 2 diabetes mellitus lasting more than 1 year, aged 45-60 years, receiving 2 types of medi-
cation (metformin and sulphonylurea) were randomly divided into 2 equal groups. The laser group received laser therapy (low
level laser therapy, 3 sessions/week for 12 weeks) combined with their prescribed hypoglycaemic medications, while the
comparative group received the prescribed hypoglycaemic medications only. Glycated haemoglobin (HbA1c), fasting plasma
glucose, 75-g oral glucose tolerance, and fasting C-peptide were evaluated before and after the therapy in both groups, while
the glycaemic level was checked before and after each laser session to determine the acute effect of laser.

Results. All variables were tested with mixed MANOVA, with a statistical significance level at p < 0.05. There was a significant
post-treatment decrease in HbA1lc, fasting plasma glucose, and oral glucose tolerance in the laser group compared with the
control group (p < 0.05), but no significant difference for post-treatment fasting C-peptide between the groups (p > 0.05).
Regarding the acute effect of laser, a significant decrease was observed in the blood glucose level after the laser sessions
(p = 0.0001), with a mean difference of 22.73 mg/dl.

Conclusions. The study showed a considerable positive effect of extravascular low level laser therapy on the glycaemic levels

in type 2 diabetes mellitus patients.
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Introduction

Diabetes is a chronic metabolic disease requiring perma-
nent medical care [1] characterized by hyperglycaemia as
a result of an immune reaction (type 1), insulin resistance
(type 2), or gestational or other factors (environmental, ge-
netic defect, and infections) [2].

Type 2 diabetes mellitus (T2DM) is due to an ongoing
loss of beta-cell insulin secretion because of insulin resis-
tance [3]. C-peptide is a hormone secreted by beta cells into
the blood in equal quantities to insulin so measuring its level
helps to guesstimate the viable beta-cell mass [4].

People with diabetes are at hazard of macrovascular and
microvascular complications, as well as early mortality [5].
That is because glucose combines with amino acid groups
of protein to begin glycation to form advanced glycation end
products, which are responsible for various biochemical
processes in tissues that can lead to many diabetes compli-
cations like neuropathy and angiopathy [6].

Laser is a source of light or energy emission [7]. Low level
laser (LLL) is a unique type of laser that has a non-thermal
influence on biologic systems; the most specific properties
of laser light are monochromaticity, coherence (spatial and
temporal), directionality, and brightness [8]. In general, LLL
is characterized by a power output of 0.00-0.1 W, wavelength

of 300-10,600 nm, pulse rate of 0-5000 Hz, intensity of
0.01-10 W/cm?, and dose of 0.01-100 J/cm? [9].

Transcutaneous laser blood irradiation is an alternate ther-
apeutic modality in which the laser light is directed to an area
with intact skin and numerous blood arteries (like the fore-
arm) [10].

Laser blood irradiation is commonly useful in curing varies
pathologies owing to its benefits; it can enlarge the arterio-
venous difference of oxygen content and improve the oxi-
dation of molecules like glucose and pyruvate [11],increase
adenosine triphosphate (ATP) production by the activation
of its synthesis in mitochondria, change of reactive oxygen
species and prompt of transcription factors. These result in
an enhancement of cell proliferation and emigration (mostly
by the fibroblasts) [12]. As laser blood irradiation affects the
whole body, it can be an appropriate therapeutic modality in
complex diseases like diabetes mellitus [6]. The most recent
advance in laser medicine is the laser watch. It is applied just
before the wrist, which provides continuous transcutaneous
blood irradiation by the laser beams to produce a new ther-
apeutic procedure for various diseases [13].

The laser watch improves microcirculation (15% rises)
through a 20-minute session [14]. This confirms the idea of
increased nitric oxide (NO) production, which minimizes tis-
sue hypoxia, stimulates oxygenation, and normalizes tissue
metabolism [15].
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Subjects and methods
Design and participants

This experimental study was performed in the outpatient
clinics of Faculty of Physical Therapy, Cairo University, Egypt,
in the period between June and December 2019 among
T2DM patients.

The study involved 60 participants. Its aim, technique,
and experimental protocol were presented to all subjects.
They were transferred from the physician and randomly al-
located in 2 groups (n = 30 in each group). The laser group
received LLL therapy (LLLT, 3 sessions/week for 12 weeks)
combined with their prescribed hypoglycaemic medica-
tions) and the comparative group received their prescribed
hypoglycaemic medications only. All patients were treated
with metformin and sulphonylurea.

The following inclusion criteria were applied: age of 45—
60 years, any gender, haemodynamic stability, body mass
index of 25-34.9 kg/m?, glycated haemoglobin (HbA1c) > 7%.
The exclusion criteria involved unstable glycaemic control
(patients who entered hypo- or hyperglycaemic coma), un-
controlled cardiovascular complications, complete beta-cell
destruction (estimated from plasma fasting C-peptide [FC-
peptide]), diagnosis of pre-diabetes, gestational diabetes,
type 1 diabetes, malignancy, anaemia, haemorrhagic diseases,
cardiac pacemaker, and pregnancy.

Evaluation of eligibility

Overall, 68 patients were selected to collaborate in the
study. Through the evaluation, 8 individuals were omitted:
5 did not match the inclusion criteria and the other 3 with-
drew from the contribution to the study (Figure 1).

Outcome measures

All the following measurements were determined by using
an automated biochemistry analyser Respons 920 (USA).
The tests were performed in the Central Laboratories for
Analysis, Radioisotopes Department, Atomic Energy Authority
(Giza, Egypt).

— Before the determination of fasting plasma glucose
(FPG) and FC-peptide levels, the patients fasted at least
8 hours, avoiding anything except water. After that, a venous
blood sample was collected in a 5-ml standard tube coated
with sodium heparin and was kept at —20°C until analysis.
According to the American Diabetes Association (ADA), the

Enrolment All patients (n = 68)

FPG level is 70-99 mg/dl in normal subjects and > 126 mg/
dl in diabetic patients; the plasma FC-peptide concentra-
tion in healthy subjects equals 0.3—0.6 nmol/I [16].

— For the measurement of the 2-hour 75-g oral glucose
tolerance (OGT), each patient was asked to drink 75 g of
glucose tolerance beverage (Trutol 75 dextrose, Thermo
Scientific, orange flavour, 296 ml) after 8-hour fasting. Two
hours later, a non-fasting venous blood sample was collected
in a 5-ml standard tube coated with sodium heparin and was
kept at —20°C until analysis. According to ADA, the 2-hour
OGT level is < 140 mg/dl in normal subjects and > 200 mg/dI
in diabetic patients.

— The HbA1c level determines the ability of the body to
control the glycaemic level over the previous 2-3 months. It
was measured from the collected blood samples. According
to ADA, the HbA1c level is < 5.7% in normal subjects and >
6.5% in diabetic patients.

— The blood sugar was monitored by using an Accu-
Chek Performa blood glucose monitoring system (Roche
Company, USA) to determine the acute response of blood
glucose to extravascular laser blood irradiation.

Low level laser therapy intervention

The laser watch device was a semiconductor LLL ther-
apeutic apparatus (model: BS-W11, Hubei Boshi Co. Ltd.,
China). It provides 10 individual laser beams used for extra-
vascular blood irradiation (transcutaneous) through radial
and ulnar vessels at the wrist site [13]. Table 1 shows the laser
apparatus parameters and features which were applied in
this study. The session duration was 30 minutes; LLLT was
administered 3 times/week for 12 consecutive weeks. Ear-
lier experiments have clarified that laser irradiation can en-
hance the intestinal absorption [17], so the patients had to
fast for 4 hours before starting the laser sessions to avoid
an increase in the glucose blood level [18].

The device was examined in the National Institute of Laser
Enhanced Sciences, Cairo University, Egypt, by medical de-
vice specialists to confirm that it had coherence, collimation,
and monochrome features.

Power analysis

Sample size calculation was performed before the study
by using the G*Power statistical software (version 3.1.9.2;
Franz Faul, Universitét Kiel, Germany). It was based on the
MANOVA F-test, repeated measures, within-between inter-
action. The type | error rate was set at 5% (a = 0.05), while

— Omitted (n = 8)

A 4

Randomized (n = 60)

/

The laser group (n = 30)
received LLLT in addition
to their prescribed
hypoglycaemic medications

Allocation

A4

— Did not match inclusion criteria (n = 5)
— Rejected to contribute (n = 3)

~.

The comparative group (n = 30)
received their prescribed
hypoglycaemic medications only

A 4

The whole number of patients who received 36 therapeutic laser sessions
and were re-evaluated after 12 weeks: n = 60

LLLT — low level laser therapy

Figure 1. Flow diagram of the study
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Table 1. Parameters of the extravascular laser blood irradiation instrument

Parameters Values

Monochromatic wavelength (nm) 650

Single laser output maximum power (W) 0.005

Spot diameter (cm) 0.2

Spot size (cm?) 0.03

Power density (W/cm?) 0.16

Time of radiation (s) 1800

Energy density (J/cm?) 288

Energy (J) 8.64

Terminal laser output mode Continuous

Duration of session (minutes) 30

Number of laser beams 10

Timing Morning, the patients had to fast for 4 hours before session
Total duration of treatment 12 consecutive weeks

Type of beam Infrared (red) laser beam

Terminal laser output instability <+10%

Display mode Liquid crystal display

Class of safety Internal power supply equipment, 3R-class laser product

the type Il error rate was set at 80% power (( = 0.2), large ef-
fect size. It was revealed that the proper sample size for this
study was n = 60.

Statistical analysis

Descriptive tests and the t-test were conducted to com-
pare the subjects’ characteristics between the groups and
to detect the acute response of blood glucose to the laser
sessions. A chi-squared test was used for the comparison
of gender distribution between the groups. Normal distribu-
tion of data was determined with the Shapiro-Wilk test for all
variables. The homogeneity of variances between the groups
was checked with Levene’s test. Mixed MANOVA was per-
formed to compare the effect of time (pre vs. post) and the
effect of treatment (between the groups), as well as the inter-
action between time and treatment for the mean values of
HbA1c, FPG, OGT, and FC-peptide. Post-hoc tests using the
Bonferroni correction were carried out for multiple compari-
sons. The level of significance for all statistical tests was set
at p < 0.05. All statistical analyses were conducted with the
Statistical Package for the Social Sciences (SPSS), version
25 for Windows (IBM SPSS, Chicago, USA).

Ethical approval

The research related to human use has complied with all
the relevant national regulations and institutional policies,
has followed the tenets of the Declaration of Helsinki, and has
been approved by the Research Ethics Committee, Faculty of
Physical Therapy, Cairo University (No.: P.T.REC/012/001808)
and retrospectively registered with the Pan African Clinical
Trials Registry (PACTR202004826694476).

Informed consent
Informed consent has been obtained from all individuals
included in this study.

Results
Demographic data

Table 2 shows the patients’ anthropometric measures for
both groups. There was no significant difference between
the groups in the mean age, weight, height, or body mass
index (p > 0.05). Also, no significant difference in sex distri-
bution was observed between the groups (p = 0.54).

Table 2. Patients’ anthropometric characteristics and sex distribution

Characteristics Iz;zz; ir?sgr)) Cor(nn?:;iﬁ\i/es%)o UP | Mean difference t p

Age (years) 53.7 + 3.78 5415+ 4.15 -0.45 -0.43 0.66
Weight (kg) 73.28 + 6.8 72.55 + 8.53 0.73 0.36 0.71
Height (cm) 161.13 + 5.66 162.03 + 4.93 -0.9 -0.65 0.51
Body mass index (kg/m?) 28.34 + 3.57 27.73+ 3.8 0.61 0.63 0.52
Females/males [n (%)] 22 (73%) / 8 (27%) | 24 (80%) / 6 (20%) (x® =0.37) 0.54
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Table 3. Pre- and post-treatment mean values, standard deviations, percentage of changes, and p-values of HbA1c, FPG, OGT,
and FC-peptide within and between the groups

Variables Laser group Comparative group Mean difference TS <(:po)mparat|ve
HbA1c (%)
Pre-treatment (mean + SD) 7.65+0.6 7.6 £0.47 0.05 0.75
Post-treatment (mean + SD) 6.47 + 0.52 6.97 + 0.41 -0.5 0.0001*
Mean difference 1.18 0.63
% of change 15.42 8.29
p 0.0001* 0.0001*
FPG (mg/dl)
Pre-treatment (mean + SD) 150.06 + 23.18 153.46 + 20.3 -3.4 0.54
Post-treatment (mean + SD) 127.63 £ 19.91 140 £ 19.17 -12.37 0.01*
Mean difference 22.43 13.46
% of change 14.95 8.77
p 0.0001* 0.001*
OGT (mg/dl)
Pre-treatment (mean + SD) 215.6 + 33.66 22213+ 315 —6.53 0.44
Post-treatment (mean + SD) 179 £ 27.95 195.4 £ 29.92 -16.4 0.03*
Mean difference 36.6 26.73
% of change 16.98 12.03
p 0.0001* 0.0001*
FC-peptide (ng/mg)
Pre-treatment (mean + SD) 217 +£0.78 2.14 +0.82 0.03 0.88
Post-treatment (mean + SD) 2.24 +0.81 2.18 £ 0.63 0.06 0.76
Mean difference -0.07 —-0.04
% of change 3.23 1.87
o 0.45 0.66
* statistically significant differences (p < 0.05)
Effect of time and treatment on HbA1c, FPG, OGT,
and FC-peptide 7.8 765
_ ’ 7,6 H |aser group
Mixed MANOVA revealed that there was a significant % 7.6 1 B comparitive group
interaction of treatment and time (Wilks’ lambda = 0.62; E 7.4 -
F(4,55) =8.24; p=0.001; n? = 0.37). A significant main effect -_g
of time was noted (Wilks’ lambda = 0.11; F(4, 55) = 106.39; o 727 697
p =0.001; n? = 0.88). There was no significant main effect of 2 7 - ’
treatment (Wilks’ lambda = 0.89; F(4, 55) = 1.65; p = 0.17; OE,
o _ © 6,8 -
n? =0.1). <
Table 3 shows the descriptive statistics of HbA1c, FPG, 3 6,6 -
OGT, and FC-peptide and the significance level of compari- §
son between the groups, as well as the significance level of > 64 1
comparison between the pre- and post-treatment status in ? 6,2 -
each group. )
= 6 -
Between-group comparison 5,8 -

pre treatment

o ) post treatment
There was no significant difference between the groups

in any parameter before the treatment (p > 0.05). After the
treatment, there was a significant decrease in HbA1c (Figure 2),
FPG, and OGT (Figure 3) in the laser group compared with

Figure 2. Mean pre- and post-treatment glycated haemoglobin
values in both groups
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Table 4. Comparison of blood glucose levels before and after laser sessions

Pre-session (mean + SD) | Post-session (mean + SD) | Mean difference | % of change t p
Blood glucose (mg/dl) 196.83 + 26.76 1741 +24.71 22.73 11.54 11.05 | 0.0001*
* statistically significant difference (p < 0.05)
250
m laser group 2156 22213

S B comparitive group
> 200
1S
@
S 150,06 153,46
3 150
(&)}
i)
o
K]
2 100
[e]
E .
3 FPG - fasting plasma glucose
- 50 OGT - oral glucose tolerance

0 .

FPG pre FPG post OGTpre OGTpost Figure 3. Mean pre- and post-treatment
treatment tretment treatment treatment FPG and OGT values in both groups
2,26 . .
2,24  laser group Discussion
2,24

B comparitive group

2,22
2,2
2,18 -
2,16 -
2,14 -
2,12 -
21 -
2,08 -

Level of fasting C-peptide ng/mg

pre treatment

post treatment

Figure 4. Mean pre- and post-treatment fasting C-peptide values
for both groups

the control group (p < 0.05). However, the post-treatment
FC-peptide level increased more in the laser group than in
the comparative group (Figure 4), but with no significant dif-
ference between the groups (p > 0.05).

Within-group comparison

There was a significant decrease in HoA1c (Figure 2), FPG,
and OGT (Figure 3) after the treatment compared with the
pre-treatment levels in both groups (p < 0.001). No significant
increase in FC-peptide was observed between the pre- and
post-treatment status in either group (Figure 4) (o > 0.05).

Acute effect of LLL on the glycaemic level

Table 4 shows a significant decrease in the blood glu-
cose levels after the LLLT sessions compared with the pre-
session levels (p = 0.0001), with the mean difference equal
to 22.73 mg/dl.

The results of this study suggest that low level extravas-
cular laser blood irradiation applied for 36 sessions (3 ses-
sions/week for 12 weeks) combined with hypoglycaemic
medications (metformin and sulphonylurea) in T2DM patients
has a significant chronic lowering effect on FPG, OGT, and
HbA1c levels, but it cannot increase the level of FC-peptide
significantly. Additionally, the glycaemic level acutely de-
creased after the laser sessions by 22.75 mg/dl on average.

To this moment, this is the first study that scientifically
assessed the extravascular laser blood irradiation hypogly-
caemic effect in T2DM patients, so there are no studies
supporting the idea of a hypoglycaemic effect of extravas-
cular laser. Therefore, we depended on prior published
studies concerning the effect of intravenous laser blood ir-
radiation on the glycaemic level in T2DM.

Many studies approved that intravenous laser blood ir-
radiation had a lowering effect on many metabolites like
glucose, glucose-6-phosphate, L-histidine, and L-alanine,
while it exhibited an increasing effect on L-arginine [19].
Arginine influences the release of glucagon-like peptide 1,
insulin, adrenal catecholamines, prolactin, and growth hor-
mones [20]. It was indicated that arginine exerted a direct
action on the beta cells of the pancreas to release plasma
insulin [21].

The present study results are compatible with those ob-
tained by Wang et al. [22], who determined that laser irra-
diation significantly activated the Na*/K*-ATPase and Ca?/
Mg?-ATPase, which are lower in diabetic patients than in
nondiabetic subjects. They suggested that intravascular la-
ser irradiation might constitute a new therapy for diabetes.

The current study agrees with that by Kazemikhoo et al.
[23], who evaluated the available studies that investigated
the effect of laser blood irradiation on the glycaemic level.
They demonstrated that there was a significant lowering in
blood glucose by 14.445 mg/dl on average, while the mean
difference of blood glucose for this study was 22.73 mg/dl.

Furthermore, Longo [18] reported a significant improve-
ment in the glycaemic level and HbA1c after using an 810-nm
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laser diode once a day for 3 weeks, then once a week (com-
bined with diet and physical activity) until complete recovery
in patients with T2DM.

Also, Irani et al. [24] demonstrated a significant improve-
ment in insulin secretion after irradiation with 630-nm LLL
applied for isolated pancreatic islets in rats before transplan-
tation (p < 0.001).

Moreover, Ramdawon [25] deduced that even in severe
cases of diabetes mellitus, laser therapy would possibly re-
store the pancreatic function and allow glycaemic control.

Limitations

Concerning the current study, some restrictions should
be considered, such as the limitation to long follow-up and
the shortage of reliable studies on the extravascular laser
blood irradiation effect on the glycaemic level to clarify and
interpret this study results.

Conclusions

The current study reports that extravascular laser blood
irradiation has a positive effect on FPG, OGT, and HbA1c
levels, as well as enhances FC-peptide, which indicates an
improvement of pancreatic cell function in T2DM. So, it is
considered an alternative therapeutic method to be com-
bined with hypoglycaemic medications in diabetic patients.

It seems that more studies with larger sample sizes are
required to evaluate long-term effects of extravascular la-
ser blood irradiation, as well as to investigate its effect on
T1DM patients and its impact on diabetic complications.
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