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ABSTRACT

Introduction: To evaluate the 6-month efficacy
and safety of 650 nm low-level red light (LLRL)
for myopia control in children.

Methods: This was a single-center, single-
masked randomized controlled trial. A total of
224 children aged 6-12years with spherical
equivalent error (SER) of — 6 diopter (D) to
— 0.5 D were enrolled, and were randomized to
LLRL group or control group. Children in the
LLRL group underwent treatment twice daily,
each lasting for 3 min, there was an interval of
at least 4h between treatments. Children in
both groups were allowed to wear single-vision
spectacles; no additional intervention was given
to the control. The primary outcomes included
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change in cycloplegic SER and change in axial
length (AL) during 6 months.

Results: The median 6-month changes in AL of
the LLRL and control groups were — 0.06 mm
(interquartile range, IQR - 0.15, 0) and
0.14 mm (IQR 0.07, 0.22), respectively. The
difference between groups was significant
(Z =10.021, p <0.001). The median 6-month
changes in SER were 0.125 D (IQR 0, 0.375) and
— 0.25D (IQR — 0.5, 0) for the LLRL and con-
trol groups, respectively. The difference
between groups was significant (Z = 8.827,
p < 0.001). Compared with the control, the
proportion of children with hyperopic shift in
the LLRL group was higher (51.65% vs. 3.41%,
p < 0.001), and the proportion of children with
shortened AL in the LLRL group was higher
(63.74% vs. 2.27%, p < 0.001). No adverse event
was observed.

Conclusion: 650 nm LLRL significantly slowed
down the myopia progression in children aged
6-12 years, and there was no observable side
effect in the short term.
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Key Summary Points

Why carry out this study?

Myopia is a worldwide public health issue
and it is estimated that nearly half of the
world’s population could be myopic in
2050. There is no perfect myopia
intervention for large populations for the
time being.

The study asked whether 650 nm LLRL is
effective and safe for myopia control in
children.

What was learned from the study?

650 nm LLRL significantly slowed down
the myopia progression in children aged
6-12 years, without any side effect.

A large percentage of children treated with
650 nm LLRL showed hyperoptic shift,
indicating that 650 nm LLRL has a strong
effect on myopia control for children.

INTRODUCTION

Myopia is a worldwide public health issue.
China alone has a myopic population that is
over 0.4 billion [1]. The prevalence of myopia is
as high as 83.2% in Chinese university students
aged 16-26 years [2]. An effective and safe
intervention for myopia control is of great sig-
nificance. Currently, there are dozens of myopia
interventions, and these can be divided into
two categories considering whether they could
limit myopia progression.

Single vision spectacle lenses (SVS) [3, 4],
refractive surgeries [5-7], and implantable col-
lamer lens (ICL) [8, 9] are widely used for
myopia correction but could barely slow down
the myopia progression. Interventions limiting
myopia progression mainly include orthokera-
tology [10], different kinds of contact lenses
[11, 12], peripheral defocus modifying spectacle
lenses [13], pharmacy therapy represented by

atropine eye drops [14-16], and more outdoor
time [17, 18]. Among these, atropine eye drops
might be a better option. Atropine was reported
to be most effective [17, 18] among the afore-
mentioned choices, it was not as expensive as
orthokeratology or contact lenses [19, 20], and
it does not require so much extracurricular time
to be effective compared with outdoor activity
[20]. However, the main problem with atropine
eye drops is that low doses have limited effects
while high doses come with rebound effects
once the treatment is stopped [21]. Besides,
there is a risk of side effects such as photophobia
[22].

Recently, a new noninvasive solution was
proposed, which is 650 nm low-level red light
(LLRL). Its effect on slowing down myopia
progression has been preliminarily demon-
strated in a randomized controlled trial [23].
However, more evidence is needed to confirm
its application prospects. The present study
aims to explore the efficacy and safety of the
650 nm LLRL for myopia control in children
aged 6-12 years.

METHODS

Study Design

This was a single-center, single-masked ran-
domized controlled trial. A total of 224 children
were enrolled between August12, 2021 and
September 3, 2021 in Beijing Tongren Hospital
in Beijing, China. Children were randomly
allocated to the LLRL or the control group at a
ratio of 1:1. We used stratified block random-
ization, with a block length of eight. Because of
the distinct difference between LLRL and SVS,
participants knew whether they were assigned
to the experimental group or not, as did the
investigators. Measurement of outcomes was
done by independent investigators for masking
purposes. The statistician was also masked to
allocation. The 6-month measurement was
done between February 22 and March 15, 2022.

This study was approved by the Ethics
Committee, Beijing Tongren Hospital, Capital
Medical University (No. TRECKY2021-239).
Informed written consent was obtained from
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children’s parents. This clinical trial adhered to
the tenets of the Declaration of Helsinki.

Inclusion and Exclusion Criteria

Inclusion criteria: (1) age 6-12 years; (2) cyclo-
plegic spherical equivalent error (SER) of
— 6diopter(D)to—- 05D (>—-6D, < —0.5D)
in both eyes; (3) astigmatism of 2.50 D or less;
(4) willingness to participate in the study and
sign an informed consent form.

Exclusion criteria: (1) underwent refractive
surgeries or ICL implantation; (2) undergoing
other interventions for myopia, including atro-
pine eye drops and orthokeratology; (3) ani-
sometropia (refractive difference spherical
lens > 1.50 D in both eyes), strabismus, and
amblyopia; (4) refractive media opacification
(keratopathy, lens opacity, etc.); (5) allergic to
cycloplegia.

Outcomes

Primary outcomes included change in axial
length (AL) and change in the cycloplegic SER.
The SER was calculated as sphere + 0.5 x
cylinder. In the present study, a positive change
was called a hyperopic shift, whereas a negative
change was called a myopic shift. Children were
classified into three subgroups: improved (equal
to AL shortened, or hyperopic shift), worsened
(equal to AL elongated, or myopic shift), or
unchanged.

Secondary outcomes included change in
choroidal thickness (ChT), flat keratometry
(K1), and change in steep keratometry (K2).
Outcomes were measured at both baseline and
6-month follow-up.

Adverse events referred to any uncomfort-
able symptom, including but not limited to
photophobia, eye itching, burning sensation,
dry eye, blurred vision, glare, dazzling, keratitis,
and conjunctivitis. Participants were asked to
give feedback on any symptom during the
treatment. At the time of 6-month follow-up, all
participants were contacted to confirm whether
they experienced any adverse events during the
trial.

Outcomes Measurements

Cycloplegic refraction: The refractive error was
measured by cycloplegia. Autorefraction mea-
surement was done with an autorefractor (ARK-
510A; Nidek Co. Ltd, Aichi, Japan).

Measurements of AL, central corneal thick-
ness, anterior chamber depth, length thickness,
K1, and K2 were done with an optical biometer
(Lenstar LS 900; HAAG-STREIT AG, Switzer-
land). Measurements of intraocular pressure
were done with a non-contact tonometer
(Canon TX-20; Canon Inc., Tokyo, Japan).
Measurements for ChT were done using optical
coherence tomography (Spectralis HRA + OCT,
Heidelberg Engineering, Germany) at nine
locations of the fundus as follows: subfoveal
ChT, and locations at 1 mm and 3 mm from the
fovea, in four directions. Both baseline and
follow-up measurements were done by the same
group of trained investigators.

Intervention and Study Procedures

Eligible participants were randomized into the
LLRL group or the control group, following a
random sequence generated using R software.
In the LLRL group, children underwent treat-
ment twice a day, each of which lasted 3 min.
The interval between two treatments was 4 h or
more. The light source used was a single-wave-
length (650 nm) weak red-light laser, with low
intensity, and whose radiation category is
Class 1 light. Such light can be used safely in
eyes and this has been verified by the State
Administration for Market Regulation of China.
The light source was integrated on a head-
mounted device (Product Name: Myopia and
Amblyopia Treatment Apparatus. Product
Model: YFO20A. The Medical Device Registra-
tion No. 20212162067. Manufacturer: Hunan
EnVan Technology Co.Ltd. The details are
available in Supplementary Material), which is a
patented technology of Beijing Tongren Hospi-
tal (patent number Z1.202022533301.4). In both
groups, children with myopia were allowed to
wear SVS. For the control group, no additional
intervention was given.
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The present trial was registered in the Chi-
nese Clinical Trial Registry (http://www.chictr.
org.cn/), registration number
ChiCTR2200058963.

Definition of Benefit

In the present study, we estimated the average
benefit brought by 650 nm LLRL compared with
the control, which was calculated as follows:

B:Mt*MCa

where B is the benefit; M; is the mean value of
6-month change in primary outcomes of the
LLRL group if data is normally distributed,
otherwise the median value would be used; and
M. is the mean value of six-month change in
primary outcomes of the control group if data is
normally distributed, otherwise the median
value would be used.

Statistical Analysis

The data of the right eye was arbitrarily used for
analysis (e.g., comparison of the change in the
AL between the LLRL group and the control
group). Missing data at the 6-month measure-
ment was not imputed. The Shapiro-Wilk test
was used to check for normality of continuous
variables. The mean values and standard devia-
tions (SD) were used for the statistical descrip-
tion of normally distributed continuous
variables; otherwise, the median values and
interquartile range (IQR) were used. Accord-
ingly, the ttest or Wilcoxon rank-sum test was
used for the comparison of continuous out-
comes between groups. Frequency and per-
centage were used for the statistical description
of the categorical variables. The chi-square test
or Fisher exact test (if the chi-square test was
not applicable) was used for comparison of
categorical variables between groups. A linear
regression model was used to explore the asso-
ciation between age and change in primary
outcomes. Analysis was done using the open-
source R program (https://www.r-project.org/,
version 4.2.0). The significance level was set to
be 0.05, two-tailed. For multiple comparisons,

P values were adjusted according to the Bon-
ferroni criteria.

RESULTS

Characteristics of Participants

Initially, 293 children were assessed for eligibil-
ity between August 12 and September 3, 2021,
in Beijing Tongren Hospital in Beijing, China.
The 32 children who were undergoing treatment
with low-dose atropine eye drops or orthokera-
tology were excluded. The same applied to 16
with ineligible SER, 8 who refused to sign the
informed consent form, 6 who were not within
the required age range, 6 with anisometropia, as

‘ Eligibility assessment: 293 children |

l

Enrollment: 224 children of low to moderate

myopia were enrolled

69 excluded:

32 undergoing treatment of
low-dose atropine eye drops, or
orthokeratology.

16 spherical refractive error
> ineligible.

8 refused to sign informed
consent.

6 aged below 6 or above 12.

6 anisometropia.

1 allergic history.

Randomization: 224 were randomized

using block randomization, length=8

N

112 were randomized to
receive 650nm low-level

112 were randomized
to control group

red-light intervention

Six-month follow-up

21 excluded:
12 discontinued

24 excluded:
11 accepted other
treatment. intervention.

9 lost contact. 13 lost to contact.

91 included
in analysis

88 included
in analysis

Fig. 1 Flowchart of the process of participant selection
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well as one with allergic history of cycloplegia.
Finally, 224 children were enrolled and ran-
domized to either the LLRL group or the control
group. The participant selection process is
shown in Fig. 1. The average age of the partici-
pants was 9.57 £+ 1.62 years (median 9 years,
range 6-12 years). Boys accounted for 50% (112/
224). The baseline information, including age,
gender, body mass index, SER, AL, intraocular
pressure, central corneal thickness, anterior
chamber depth, length thickness, K1, K2, and
astigmatism, is shown in Table 1. There was no
significant difference in baseline information
between the two groups.

Six-Month Changes in Primary Outcomes

During follow-up, 18.8% (21/112) of partici-
pants in the LLRL group and 21.4% (24/112) of
participants in the control group were lost.
There was no significant difference in the fol-
low-up rate between the two groups (p = 0.617).

1
Treatment S -
. .
W en it ’
Control = I s
e
1
-0.5 -0.3 -0.1 0.1 0.3 0.5
Part A:Six-month change in axial length(mm)
1
. -1 3 :
Treatment - . [E 8 .
PR Tt *
I H
L TN R
Control A . I . {ﬁ
. R 4 3 i
1

-1.5 -1.0 -0.5 0.0 0.5 1.0 1.5
Part B:Six-month change in spherical equivalent error(D)

Fig. 2 Changes in primary outcomes in 6 months. Six-
month change in a axial length and b spherical equivalent
error

The median 6-month changes in AL of the
LLRL and control groups were — 0.06 mm (IQR
—0.15, 0) and 0.14mm IQR 0.07, 0.22),

Table 1 Children’s demographic characteristics and ocular parameters at baseline

Variables Control Treatment Statistics ?
Gender 7F = 0.071 0.789
Male 57 (50.89%) 55 (49.11%)
Female 55 (49.11%) 57 (50.89%)
Age (years) 947 £ 1.59 9.66 £ 1.65 t=— 0867 0.387
Body mass index (kg/mz) 17.97 £+ 3.89 17.63 £ 3.62 = 0.682 0.496
Spherical equivalent error (D) — 2 (= 275, — 125) — 2 (= 325, — 125) Z = 0.364 0716
Axial length (mm) 2420 + 0.85 2431 + 0.92 t=— 0901 0.369
Intraocular pressure (mmHg) 16 (14, 18) 16 (14, 17) Z = — 0499 0.618
Central corneal thickness (jm) 550.34 =+ 30.96 546.81 + 31.42 t = 0.846 0.398
Anterior chamber depth (mm) 322 4+ 022 323 + 022 t=— 0416 0.678

3.36 (3.28, 3.44)
296 (244, 352)
43 £+ 1.29
4426 + 137
1.27 (0.90, 1.56)

Length thickness (mm)
Subfoveal choroid thickness (pm)
K1 (D)

K2 (D)

Astigmatism (D)

Z =— 1119 0.263
Z = — 0626 0.531

3.32 (3.24, 3.46)
290.5 (242, 352.5)
43.02 + 143
4422 + 159
1.16 (0.82, 1.48)

t=—0.119 0.905
t = 0.196 0.845
Z = 1332 0.183

For normally distributed continuous variables, data are expressed as mean & SD, otherwise data are expressed as median and

interquartile range
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respectively (Fig. 2). The difference between
groups was significant (Z = 10.021, p < 0.001).
The median 6-month changes in SER were
0.125 D (IQR 0, 0.375) and — 0.25 D (IQR — 0.5,
0) for the LLRL and control groups, respectively.
The difference between groups was significant
(Z =8.827, p < 0.001).

Proportions of Children with Improved,
Worsened, or Unchanged Primary
Outcomes

A hyperopic shift was observed in 51.65% (47/
91) of children in the LLRL group and 3.41% (3/
88) in the control group (Table 2), the difference
was significant (y* = 51.715, p < 0.001). On the
other hand, a myopic shift was noted in 65.91%
(58/88) of participants in the control group and
10.99% (10/91) participants in the LLRL group.
Again, the difference was significant
(* = 57.281, p < 0.001).

In the LLRL group, the AL of 63.74% (58/91)
of children was shortened (Table 2), while this
proportion was 2.27% (2/88) in the control
group; the difference was significant
(4% = 75.843, p < 0.001). The AL of 85.23% (75/
88) of children in the control group was elon-
gated, while the proportion was 13.19% (12/91)
in the LLRL group; the difference was significant
(% = 92.944, p < 0.001).

Degree of Hyperopic Shift and Myopic
Shift

Further, we classified the progression on SER
into seven different subgroups at an interval of
0.5 D: hyperopic shift of 1 D or greater (> 1 D),
hyperopic shift of 0.5D to 1 D (> 0.5D, < 1D),
hyperopic shift of 0D to 0.5D (> 0D, < 0.5 D),
unchanged (0 D), myopic shift within 0.5D
(> — 0.5D, < 0D), myopic shift of 0.5D to 1 D
(>—-1D, < — 0.5D), and myopic shift of 1 D
or more (< — 1D). The results of the LLRL
group and control group following the afore-
mentioned order were as follows: 5.49% (5/91)
vs. 0%, 14.29% (13/91) vs. 0%, 31.87% (29/91)
vs. 3.41% (3/88), 37.36% (34/91) vs. 30.68%
(27/88), 10.99% (10/91) vs. 37.50% (33/88), 0%
vs. 26.14% (23/88), 0% vs. 2.27% (2/88) (Fig. 3).

Six-Month Changes in Secondary
Outcomes

The 6-month changes in subfoveal ChT of the
LLRL group and control group were 15 um (IQR
—3, 345 and —7um (IQR - 28, 14.5),
respectively. The difference was significant
(Z =4.085, p < 0.001). The 6-month changes in
ChT at eight other locations are shown in
Table 3; all locations showed a significant

Table 2 Proportions of children with improved, worsened, or unchanged primary outcomes

Outcomes Control LLRL 1 P Dadjusced
Spherical equivalent error
Improved (hyperopic shift) 3 (3.41%) 47 (51.65%) 51715 < 0.001 < 0.001
Unchanged 27 (30.68%) 34 (37.36%) 0.889 0.346 0.99
Worsened (myopic shift) 58 (65.91%) 10 (10.99%) 57.281 < 0.001 < 0.001
Axial length
Improved (shortened) 2 (227%) 58 (63.74%) 75.843 < 0.001 < 0.001
Unchanged 11 (12.50%) 21 (23.08%) 3.409 0.065 0.195
Worsened (elongated) 75 (85.23%) 12 (13.19%) 92.944 < 0.001 < 0.001

Data are expressed as no. (%
p

LLRL 650 nm low-level red light

P values were adjusted according to Bonferroni criteria because of multiple comparisons
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Degree of hyperopic shift and myopic shift during six-month follow-up

1 D0-5(5,49%)
20.5D,<1 D0_1 3(14.29%)

>0D,<0. 503(341/)_29(31.87%)

s 7.36%)
0D 27(30.68%)
>-0.5D,<0D_*°“° 99%)

33(37.50%)

>-1D,<-0.5D?

23(26.14%)

0
=-1Dy 2(2.27%)

0% 10% 20% 30% 40% 50%

Percent

Control . Treatment

Fig. 3 Degree of hyperopic shift and myopic shift during
6-month follow-up

difference between groups except for 1 mm in
the inferior direction from the fovea
(padiusted = 0-747)-

The 6-month changes in K1 of the LLRL and
control groups were — 0.06 D (IQR — 0.14, 0.04)
and — 0.02D (IQR — 0.11, 0.06), respectively.
The difference was not significant (Z = — 1.442,
p = 0.149).

The 6-month changes in K2 of the LLRL and

and — 0.06 D (IQR — 0.20, 0.05), respectively.
The difference was not significant (Z = 0.422,
p =0.673).

Stratification Analysis by Gender and Age

Among the children who underwent LLRL
intervention, the median changes in SER were
0D (IQR O, 0.375) and 0.125 D (IQR 0, 0.25) for
boys and girls, respectively; the difference
between gender was not significant (Z = 0.614,
p =0.539). The 6-month changes in AL were
— 0.03mm (IQR - 0.14, 0) and — 0.07 mm
(IQR — 0.16, 0) for boys and girls, respectively;
the difference between gender was not signifi-
cant either (Z = — 0.459, p = 0.646).

Among the children who underwent LLRL
intervention, there was no statistical difference
in 6-month changes in SER (H=6.717,
p=0.348) or AL (H =9.306, p = 0.157) among
different age groups either.

We further explored the association between
age and the 6-month benefit brought by LLRL
compared with the control. Overall, the
6-month benefits on AL and SER were 0.20 mm

control groups were 0.01 D (IQR — 0.17, 0.14) and 0.375D. There was no significant
Table 3 Six-month changes of secondary outcomes in LLRL group and control group

Change in secondary outcomes Control LLRL z P Padjusted
ChT (um; location, subfoveal) — 7 (= 28, 14.5) 5 (— 3, 34.5) 4085 < 0.001 < 0.001
ChT (um; location 3 mm temporal) — 5 (— 31.5, 15) 14 (— 9, 37.5) 3410 < 0.001 0.006
ChT (um; location, 1 mm temporal) — 4 (— 25, 11.5) 13 (— 8, 37.5) 3.552 < 0.001 0.004
ChT (um; location, 1 mm nasal) -9 (- 31, 14) 10.5 (— 8, 26) 3.602 < 0.001 0.003
ChT (um; location, 3 mm nasal) - 5(-=19,7) 4.5 (— 7.5, 17.5) 2.865 0004  0.036
ChT (um; location, 3 mm inferior) 0 (— 21.5, 26) 7 (0.5, 35) 3.088 0.002 0.018
ChT (um; location, 1 mm inferior) — — 2 (— 31, 21) 6 (— 16, 31.5) 1732 0.083 0.747
ChT (um; location, 1 mm superior) — — 2.5 (— 24, 22) 12 (— 8, 35) 2.848 0.004 0.036
ChT (um; location, 3 mm superior) 2.5 (— 21.5, 26) 7 (2, 39.5) 2.723 0.005 0.045
K1 (D) —0.02 (— 0.11, 0.06) — 0.06 (— 0.14, 0.04) — 1442  0.149 -

K2 (D) — 0.06 (— 0.20, 0.05) 0.01 (— 0.17, 0.14) 0422 0673 -

Data are described as median value (interquartile range)

LLRL 650 nm low-level red light, ChT choroidal thickness, K7 flat keratometry, K2 steep keratometry
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Fig. 4 Six-month benefit on axial length and spherical refractive error brought by 650 nm low-level red light

association between the benefit on SER with age
(B =0.199, R* = 0.04, p = 0.668), nor between
the benefit on AL with age (f=— 0.024,
R? = 0.225, p = 0.282) (Fig. 4).

DISCUSSION

The present study revealed that a twice-daily,
3-min 650 nm LLRL intervention significantly
slowed down the progression of myopia. On
average, the AL of children who underwent
650 nm LLRL treatment during 6 months was
shortened by 0.08 mm (median 0.06 mm); the
SER showed a hyperopic shift of 0.20 D (median
0.125 D).

The effect of 650 nm LLRL for myopia con-
trol might be more powerful than other cur-
rently available non-invasive interventions,
such as more outdoor activity, orthokeratology,
and atropine eye drops. Outdoor time has been
receiving wide attention in recent years. He
et al. [17] reported that more outdoor time
indeed slowed down the myopia progression
compared with the control. However, on aver-
age, children still experienced a — 1.42 D myo-
pic shift during the 3-year follow-up, and a
0.95 mm elongation of AL, despite an addi-
tional 40 min of outdoor activity being added to
each school day. In comparison, outdoor
activity seemed less effective than 650 nm LLRL,
let alone the challenge to implement 40 min of
additional outdoor activity given the pressure of
students’ academic work. Orthokeratology is

another common choice for myopia control,
but its effect seemed inferior to 650 nm LLRL,
too. A review [24] based on 13 studies summa-
rized that the AL of children treated with
orthokeratology typically elongated by approx-
imately 0.15 mm/year. A network meta-analysis
(NMA) [24] compared 16 myopia interventions,
including atropine eye drops, orthokeratology,
outdoor activity, peripheral defocus modifying
contact lenses, bifocal spectacle lenses, and so
on. This NMA deduced that high-dose atropine
eye drops (1% and 0.5%) showed the strongest
control effect for myopia, followed by moderate
dose and low dose atropine eye drops. 650 nm
LLRL was not evaluated in this NMA since no
relative study was published at that time.
However, although atropine eye drops ranked
first for myopia control, studies reported that
most children undergoing such treatment
experienced myopia progression [25-29]. It was
estimated that children treated with atropine
eye drops showed a myopic shift of between
— 0.63 and — 0.16 D/year on average. In com-
parison, among children treated with 650 nm
LLRL in the present study, only 13.19% experi-
enced AL elongation after 6 months treatment,
only 10.99% experienced SER progression. On
average, the shortened AL was equal to
0.16 mm/year, the hyperopic shift was equal to
0.40 D/year. Moreover, in the LLRL group,
nearly 20% of children showed a hyperopic
shift of > 0.5 D, nearly 50% of children’s AL was
shortened by 0.05 mm or more. The benefit
brought by 650nm LLRL was inspiring.
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Similarly, another randomized controlled trial
reported that 32.9% of children treated with
650 nm LLRL showed clinically significant AL
shortening (> 0.05 mm) after 6 months [23].
Zhou et al. [30] followed 105 myopic children
aged 9.19 + 2.40years treated with 650 nm
LLRL or SVS for 9 months. The average SER of
the LLRL group increased from - 3.09 to
— 2.87 D, while for the SVS group the average
SER decreased from — 3.04 to — 3.57 D. Xiong
et al. [31] reported that after 6 months treat-
ment of 650 nm LLRL, the AL of children (aged
7-15) was shortened by 0.06 mm on average,
while in the SVS group and the orthokeratology
group, the average AL was elongated by
0.23mm and 0.06 mm, respectively. On the
basis of the results of short-term follow-up,
650nm LLRL intervention not only had a
promising control effect for myopia but also
seemed to be safe at the same time. No com-
plication was reported during 650 nm LLRL
treatment by a previous study [23] or by the
present study. In comparison, it is well known
that orthokeratology comes with the risk of
adverse events like infective Kkeratitis [32].
Atropine eye drops come with the risk of pho-
tophabia, and so on [15, 25, 26].

The pathogenesis of myopia is a complex
process involving genetic and environmental
factors, as well as gene-environment interac-
tions. To date, we know relatively little about
how LLRL affects refractive development in
humans. In the present study, we found no
difference in changes in K1 and K2 between the
LLRL and control groups, indicating that slowed
myopia progression was mainly due to AL
shortening, instead of corneal curvature flat-
tening. One widely accepted hypothesis sug-
gests that bright light increases the synthesis
and release of dopamine in the retina [33].
Dopamine acts as a termination signal in
refractive ocular development [34]. Besides, the
dopamine in the retina may induce choroidal
thickening and ocular growth inhibition via the
release of nitric oxide from the retina or choroid
[35, 36]. This slows the development of myopia.
Previous studies reported a significant increase
in choroidal thickness after 650 nm LLRL
treatment. Similarly, Gawne et al. [37] observed
a refractive shift produced by a reduction in the

depth of the vitreous chamber, coupled with an
increase in the thickness of the choroid. The
present study showed similar findings. How-
ever, it was worth mentioning that by the pre-
sent study the AL of children in the LLRL group
was thickened by 60 um, while the choroidal
thickness was only thickened 4.5-17 pm at dif-
ferent locations. This indicates that the growth
of choroidal thickness could only partially
explain the AL shortening during 650 nm LLRL
treatment.

CONCLUSION

Overall, current evidence suggested that
650 nm LLRL is an effective and safe solution
for myopia control in the short term. The pre-
sent study revealed the clinical significance of
650 nm LLRL for myopia control—it not only
slowed down the myopia progression but also
reversed the myopia progression in a large pro-
portion of children, without any adverse event.
In the future, continuous longitudinal follow-
up is still required to evaluate the long-term
efficacy and safety of this treatment.

The strengths of this study included a single-
masked randomized controlled trial design, the
standardized measurement of refraction with
cycloplegia, and the inclusion of primary out-
come of change in the AL. Moreover, this is the
first trial that estimates the benefit on AL and
SER brought by 650 nm LLRL among children
aged 6-12 years. One shortcoming of our study
is that the follow-up duration was short, so the
long-term efficacy and safety of 650 nm LLRL
for myopia control remains to be estimated.
Besides, we do not know whether there is a
rebound effect similar to atropine eye drops
once treatment is stopped, which is a knowl-
edge gap for future study.
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