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[ Abstract] Objective To discuss the efficacy of repeated low-level red-light (RLRL)

as an alternative treatment therapy for children myopia control. Methods Using the
retrospective cohort study method, a group of 35 myopic children and adolescents
myopia patients were selected as the experiment group who used the RLRL for 3 years
and followed up as requred. Both of their eyes were treated with RLRL while only the
right eye was selected for the study. Another 35 children and adolescent myopia patients
were selected as the control group who only wore single-focal glasses for 3 years and
followed up. The baseline characteristics of the two groups matched. The uncorrected
visual acuity (UCVA), spherical equivalent(SE), axial length(AL), fundus of both
groups were reexamined every 3 months during treatment. Results The AL growth of

RLRL group was lower than the control group obviously after 3 years (the F value of

inter group was 5.195, P=0.026) , and the AL of the RLRL group reached the lowest

points in the 3 and 6 month, and then rised slowly. The SE of RLRL group showed a
decreasing trend in the first 6 months and then rised slowly compared with the control

group (the F value of inter group was 632.561, P<0.01). And the UCVA of group RLRL

showed less significant reduction compared with control group after 3 years , the total

effective rate was up to 80%. No ocular complication was observed in RLRL group,

including conjunctival congestion, corneal edema, corneal ulcer and cataract. There

was one sample who got macular ellipsoid zone fracture in the second year after
treatment,and recovered by itself after stopping treatment. Conclusion To a certain
degree RLRL can delay the progression of children and adolescent myopia without

obvious adverse omplications in short period.
[Key words] repeated low-level red-light, myopia, uncorrected visual acuity
(UCVA), spherical equivalent(SE), axial length(AL), retrospective cohort study

method

Myopia is the most common refractive error at present, and China has one of the



highest myopia prevalence rates among adolescents in the world . According to the
survey of the World Health Organization, myopia has become one of the main causes
of visual impairment worldwide 2. The annual expenses associated with optical
interventions or costly surgical procedures for myopia correction have imposed a
significant financial burden on society. With the prevalence of myopia, there has been
a significant increase in the incidence of high myopia worldwide, which has become
the second leading cause of low vision and blindness in our population due to its
associated complications B34,

Current treatments for myopia include drugs, orthokeratology, progressive/bifocal
lenses, surgery, and environmental intervention. Among them, the effect of low-
concentration atropine eye drops is more accurate and has entered phase III clinical
studies, but there is still a lack of strong clinical data on its potential side effects [*'.
Orthokeratology can effectively manage 35-60% of myopia progression, while
environmental interventions, such as increased outdoor time, have demonstrated a
reduction in myopia incidence but are generally considered ineffective for controlling
the progression of existing myopia in children ! . The current treatment methods
exhibit limitations and corresponding adverse effects. Therefore, the future research
direction lies in developing novel prevention and treatment approaches that possess
reduced side effects and enhanced precision in curative outcomes.

Choroid is a vascular structure between retina and sclera mainly, which has
multiple functions. By changing its thickness, choroid regulates the position of retina
and the synthesis of scleral extracellular matrix molecules, thus steady-state control of
ocular axis growth, and plays an important role in the etiology of myopia "\, Studies
have shown that improving the choroidal metabolic rate and circulation can prevent or
slow down the progression of myopia %11,

The mechanism of RLRL does not rely on the thermal activity of traditional light
drugs, but uses the photochemical conversion potential of low-intensity red light, which
can cause photochemical reactions in the retina. It includes improving the activity of

12-13

cytochrome C oxidase ['>13] changing gene expression to regulate the mitochondrial

respiratory chain ['*], and increasing the biological activity of nitric oxide '], Current



studies have shown that eye irradiation with RLRL can increase choroidal blood flow
[16]thereby increasing choroidal thickness, blood circulation and blood supply, helping
to improve the problem of insufficient oxygen supply in the ground of myopia [7%],
inhibiting the rapid growth of the ocular axis in myopia, and thus controlling the
development of myopia.
1 Data and methods
1.1 General Information

A retrospective cohort study was used to analyze the clinical data of 35 children
and adolescents with myopia who were treated with RLRL in Tongji Hospital Affiliated
to Shanghai Tongji University and Nanxiang Hospital of Jiading District from June
2019 to June 2022 .They were re-examined every 3 months for 3 years as required (both
eyes were included in the study process, and only the right eye was selected for analysis).
35 cases of myopic children who only wore single-focus frame glasses without any
intervention treatment in two hospitals during the same period were selected as the
control group, including 17 cases of male 17 eyes and 16 cases of female 16 eyes. The
SE of the experimental group was -1.0 -- 7.75D, and the mean SE was (-4.514+1.885)D.
The diffusivity of all subjects was <-1.50 D, and the mean age was (10.11+1.875) years.
The mean corneal curvature was (43.579+1.335)D. The average axial length was
(25.644+0.460)mm. In the control group, SE was -0.50 -- 7.50D, the average SE was (-
4.236+1.516) D, and the dispersions were all <-1.50 D. There were 17 eyes in 17 males
and 16 eyes in 16 females. The mean age was (10.03+1.992) years; The mean corneal
curvature was (43.430+£0.800)D. The average axial length was (25.6344+0.585) mm.
There were no significant differences in age, sex ratio, SE, mean corneal curvature,
baseline axial length and UCVA between the two groups (P > 0.1). The best corrected
visual acuity (BCVA)(Log MAR visual acuity) of all patients was <1.0, and the IOP
was 10-21 mmHg(1 mmHg=0.133 kPa), Ocular and other systemic diseases affecting
visual acuity and myopia progression were excluding. As shown in tablel.

Table 1 Comparison of baseline data between RLRL group and control group



Mean
Eyes Age  Male/Female Axial length UCVA  keratometry

Group (n) (years) (n) SE (D) (mm) (logMAR) )

RLRL

group 35 102=x21 18/17 —-45+13 25609 023+0.15 435+1.4
Control

group 35 104 +2.0 17/18 —-43+12 257x08 025%0.16 43.6x 1.3
P value — 0.854 0.811 0.527 0.93 0.527 0.649
1.2 Methods

1.2.1 Related examination of ocular

Gender, age, eye and body health of the patients were analyzed in detail, and children
with tic syndrome, photoallergy, organic eye lesions, and psoriasis were excluded. The
subject's eye examination included objective refraction (semiannually) following
ciliary paralysis with compound tropicamide eye drops. UCVA, BCVA and diopter are
checked every three months with a comprehensive optometer (Nidek, Japan). Every
three months, slit-lamp microscope (Nidek, Japan) was used to check and rule out
anterior lobe disease, intraocular pressure was measured by non-contact tachymeter
(Nidek, Japan), fundus photography (Nidek, Japan) and optical coherence tomography
(Zeiss, Germany) were used to check and rule out fundus disease. IOL Master(German
Zeiss company) measures the length of the axis of the eye, Log MAR eye chart checks
vision, etc.

1.2.2 The usage method of RLRL instrument and follow-up index

The RLRL instrument utilized in this study (Eyerising, Suzhou Xuanxia Optoelectronic
Technology Co., LTD.) is a desktop semiconductor low-intensity single-wavelength red
amblyopia treatment device. The targeted anatomical structure treated by this
instrument is the fundus of the subjects, which has been certified by the National
Optoelectronic Products Radiation Safety Quality Supervision and Inspection Center.
In accordance with the national safety standard for laser products (GB7247.1-2012), it
can be safely employed in ocular applications. The product has obtained a Class II
medical device registration certificate, the manufacturer has a medical device

production license, and the therapeutic instrument has been listed and widely used in




major hospitals. Subjects were irradiated with RLRL under natural pupils twice a day,
their heads were placed on the instrument bracket for three minutes each time, their
eyes were kept open, and they continued to focus on the light spot. Intervention was
performed twice a day for 3 minutes each time, the interval was greater than 4 hours,
and no more than five times a week. It is required to be supervised by parents and to
wear single-focus glasses at all times except for the intervention. Treatment should be
terminated if the duration of afterimage is greater than 6 minutes, severe short-term
visual acuity decline, continuous anterior halo, dark spots, any retinal structural damage,
color vision abnormalities, etc. There are currently no special requirements for room
lighting. UCVA, SE, ocular axis, intraocular pressure, fundus and macular OCT were
reviewed every 3 months after treatment.

1.3 Statistical method

The statistical analysis was conducted using SPSS 22.0 software. A Shapiro-Wilk test
confirmed that the measurement data followed a normal distribution, and they were
expressed as x+s. A sphericity test revealed that the SE and ocular axis values measured
at different time points did not meet the assumption of sphericity (approximate X2=
317.539, 2464.972; All P<0.01). Therefore, the Greenhouse-Geisser method was
employed to adjust for degrees of freedom, with a significance level set at P<0.05.
Repeated measures one-way ANOVA and independent samples t-test were used for
analysis.Non-parametric tests and Chi-square tests were utilized for variables that did
not follow a normal distribution.

2 Results

2.1 AL changes before and after treatment in two groups

At three years of follow-up, there was a statistically significant difference in the overall
change of AL between the RLRL group and the control group (between group F =5.195,
between group P =0.026; F time =341.334, P time < 0.001; Intergroup F X time =
115.707, intergroup P x time < 0. 001). In the RLRL group, AL showed an obvious
shortening trend in the first half year of treatment, and then increased slowly. The mean
difference in March and June were 0.057+ 0.005 and 0.075+0.005, respectively, with P

< 0. 001. After six months, AL in the red light group kept a low increase, and the



increase rate was much lower than that in the control group. From 18 to 21 months, the
axis of the eyes in the RLRL group gradually approached the initial stage of intervention,
and the mean difference was 0.011 and -0.006, respectively. P=0.166, 0.516. The
interaction between the two groups showed significant differences from the 15th month.
At the third year of intervention, the mean difference between the RLRL group and the
control group was 0.490mm (t=31.799, P <0. 001), which was significantly better than
the control group. As shown in tables 2, 3 and 4.

Table 2 Changes of ocular axis between RLRL group and control group
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Table 3 Comparison of mean AL between RLRL group and control group

Comparison of axial length between the RLRL and control groups
Group n Baseline 3 months 6 months 9 months 12 months 15 months 18 months
25.645+0.4
RLRL group 35 60 25.588+0.446 25.570+0.440 25.580+0.439 25.595+0.435 25.616+0.437 25.63410.437
25.63410.5
Control group 35 85 25.681+0.583 25.726+0.583 25.776+0.581 25.824+0.580 25.874+0.578 25.923+0.576
T value 14.951 19.363 22.198 25.108 26.604 26.773
P value <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Group n Baseline 21 months 24 months 27 months 30 months 33 months 36 months
25.64510.4
RLRL group 35 60 25.65110.432 25.67110.433 25.691+0.433 25.713+£0.435 25.732+0.435 25.747+0.431
25.63410.5
Control group 35 85 25.977+0.576 26.025+0.577 26.077+0.578 26.128+0.577 26.180+0.577 26.23710.573
T value 26.315 28.277 30.365 31.629 33.13 31.799
P value <0.01 <0.01 <0.01 <0.01 <0.01 <0.01

Independent sample t test

Table 4 Comparison of RLRL group mean difference in pairs



Mean difference 95% confidence interval

Time Std. error P value

a-Jan L Lower L Upper
2 .0s57° .005 . 000 .047 .067
3 .075° .006 .000 .062 _087
1 .065° .007 . 000 .052 079
5 .0s50° .007 . 000 .036 . 064
6 .029° .007 . 000 .014 .044
1 7 .011 .008 .166 - .005 .028
8 - . 006 .009 .S516 -.024 .012
9 -.026" .009 . 006 -.044 -.008
10 -.047" . 009 . 000 -.065 -.028
11 -.067" .010 .000| -.087 _.048
12 -.087 .010 . 000 -.107 -.068
13 -.102° .011 . 000 -.124 - . 080

2.2 Changes of SE before and after treatment in the two groups

The SE data of three years were analyzed, and the inter-group F =3.557, P=0.064. The
differences in different follow-up time and interaction between follow-up time and
different intervention methods were statistically significant (F time =202.815, P time <
0.001; * time between groups F =103.196; P group x time < 0. 001). In the RLRL group,
SE value fluctuated in the first 18 months of treatment, first decreased and then slowly
increased, and the mean difference between SE value and baseline value was -0.207,-
0.136,-0.079, P=0.00, 0.00, 0.027, respectively. In the second year, SE value returned
to the initial stage of treatment, and the mean difference was 0.029, P=0.410. The SE
of the single-focus frame glasses group showed an increasing trend with the extension
of time, and the interaction effect between the two groups showed a significant
difference from the 18th month, P <0.001 for both groups, as shown in tables 5-6.

Table 5 SE trends in RLRL group and control group
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Table 6 Comparison of SE mean values between RLRL group and control group

Group Eyes (n) Baseline 6 months 12 months 18 months 24 months 30 months 36 months
RLRL 35 -4.4861+1.653 -4.264+1.575 -4.350+1.608 -4.407+1.616 -4.514+1.640 -4.621+1.646 -4.757+1.690

Control 35 -4.278+1.423 -4.557+1.427 -4.893+1.418 -5.186%1.433 -5.479+1.438 -5.786+1.405 -5.979+1.419
t value 12.219 14.49 20.326 24.058 23.406 25.373
P value <0.01 <0.01 <0.01 <0.01 <0.01 <0.01

2.3 Comparison of UCVA data between RLRL group and control group

The UCVA data of RLRL group was (0.229+ 0.1650; 0.239+ 0.163; 0.215+ 0.167),
control group (0.250+ 0.107; 0.206+ 0.098; 0.136+0.069), comparing the UCVA data
of 1, 2 and 3 years of treatment,the difference means between the two groups does not
satisfy the normal distribution.The non-parametric independent sample test was
conducted, and the difference was statistically significant (P<0.01 for all). Chi-square
test was used to analyze the effectiveness of the data in the third year, and the treatment
effectiveness was much higher than that of the control group, as shown in tables 7-8.

Table 7 Comparison of UCVA between RLRL group and control group

Group 1 year 2 years 3 years
RLRL 0 (0.00-0.03 0 (0.00-0.00 0 (-0.03-0.00
Percentile (0.00-0.03) (0.00-0.00) (-0.03-0.00)
Control -0.05 (-0.05-0.03)  -0.1 (-0.03 -0.00)  -0.1 (-0.15-0.07)
Z -6.351 -7.011 -6.979
P value <0.001 <0.001 <0.001




Nonparametric independent sample test

Table 8 Comparison of UCVA changes between RLRL group and control group

Changes in UCVA at 3 years

UCVA change RLRL Control 99% CI P
Improved by 2 lines 5.7 (2/35) 0 (0s35) 0.106, 0.408 0.001
Improved by 1line 20 (7/35) 0 (0/35)

Unchanged 54.3 (19/35) 2.9 (1/35) 0.621, 0.921 <0.001
Decreased by 1line 20 (7/35) 28.6 (10/35)
Decreased by 2-3 0.624, 0.918 <0.001
lines 0 (0/35) 68.6(24/35)
BCVA<0.8 0 (0/35) 0 (0/35)

Chi-square test
During the 3-year period of this study, it was found that 1 patient developed
ellipsoidal band rupture about 2 years after treatment, recovered spontaneously after
stopping treatment for 1 month, and no similar situation occurred again after continuing

treatment. There were no significant complaints of discomfort, loss of function (BCVA),

or anatomical changes (OCT scan).

Left, the broken of ellipsoid zone in the macular region;

Right, the macular OCT after stopping treatment for 2 weeks

3 Discussion

Myopia is closely related to the change of choroid thickness. With the increase of
patients' diopter number and the growth of ocular axis, choroid thickness presents a
gradual thinning trend 2?21 Li et al®*! believe that the thickness of choroid decreases
by 58um when the ocular axis increases by 1mm. At present, a large amount of
empirical evidence suggests that oxidative stress and inflammation may explain the

altered regulatory pathways in myopia, and that oxidative damage associated with



hypoxic myopia can alter the neuroregulation of nitric oxide and dopamine during eye
growth.

Recent evidence has confirmed that ocular axis shortening may not be entirely
derived from choroidal thickening. Scleral hypoxia is a contributing factor to scleral

remodeling and myopia development *4

, and RLRL treatment may increase fundus
blood flow and metabolism, thereby improving scleral hypoxia and restoring scleral
collagen levels. At present, this treatment has been widely applied to neurotrauma,

stroke, etc 226

and also applied to age-related macular degeneration, amblyopia,
diabetic retinopathy and other retinal diseases that seriously affect vision.

Studies have shown that low-intensity red light therapy for myopia is based on the
following three principles: (1) reducing inflammation and edema, improving tissue
microcirculation without piercing the skin or entering the body cavity, (2) promoting
nerve damage repair, and (3) treating neurological diseases [*”). Animal studies [ and
clinical studies [2>-*'' have shown that low-intensity red light has the greatest impact on
the nitric oxide system and reduces the severity of oxidative stress. It can reduce the
levels of inflammatory cytokines such as interinflammatory cytokine (IL-1) and tumor
necrosis factor-a by inhibiting them, so as to protect patients from the effects of
oxidative stress. Reduce the inflammation associated with myopia 1***3]. Clinical
studies conducted in recent years have proved that RLRL can inhibit the rapid growth
of ocular axis 433,

Of the 35 patients enrolled in this study, 2 (5.7%) were still slightly below baseline
after 3 years of treatment; The increase of 14 patients (39.9%) was less than 0.1mm;
The increasment was between 0.1-0.2mm of 17 patients (48.6%) 5.7% (2 patients)
was higher than 0.2mm; The therapeutic effect was better than that of the control group.
The latest randomized controlled study of He Xiangui ¢! in 2023 confirmed that RLRL
can effectively reduce the incidence of myopia and significantly reduce the
development speed of the ocular axis, and our study is consistent with that.

This retrospective study is slightly different with the results published by He

37-38

Mingguang and Yi Jinglin 578 in 2021, whose study found that patients reached the

lowest ocular axis value at 1 and 3 months of treatment, respectively, while our study



found that patients shortened to the lowest ocular axis value at 6 months of treatment.
The possible causes: The patients> basal ocular axis were a bit longger and were older
in this retrospective study, which may be more sensitive to 650nm red light irradiation.

At 6 months of treatment, 2 patients abandoned (excluded) due to concerns about
unknown side effects, and subsequent follow-up showed a slight tendency to rebound
and the ocular axis returned to the initiation stage before treatment.
4 Results

This study confirms that RLRL therapy is an effective new alternative therapy for
myopia control, which has the advantages of simple use and significant effect. The
relative shortcomings of this study are: insufficient sample size, no randomized
controlled double-blind, no choroidal thickness measurement data, lack of self-control
before and after treatment, etc. Further double-blind controlled studies on rebound
effect, optimal treatment strategy (wavelength, power, duration and frequency of
treatment) and potential underlying mechanisms are needed to Increase persuasiveness

and guidance.
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legal guardians of the subjects from signing informed consent forms.
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