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ABSTRACT

Introduction: This research was designed to
compare the effectiveness of repeated low-level
red light (RLRL) and 0.01% atropine on axial
length (AL), spherical equivalent refraction
(SER), and choroidal parameters in children with
myopia.

Methods: We conducted a prospective, ran-
domized, and single-blind controlled trial.
Ninety-one children aged 6-12 years old were
selected, with cycloplegic SER>-5.00 D and
<-0.75 D. Participants were randomly assigned
to the RLRL group and 0.01% atropine group.
The primary outcomes included changes in AL,
SER, and choroidal parameters after a duration
of 6 months. Choroidal parameters specifically
including the foveal, parafoveal, and perifoveal
choroidal thickness (ChT) and the foveal, para-
foveal, and perifoveal choroidal vessel volume
(CVV).
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Results: At 6-month follow-up, the AL and SER
changes were —0.09 mm (-0.18, 0.01) compared
to 0.13 mm (0.05, 0.24) (p<0.001) and 0.25 D (O,
0.50) compared to —0.25 D (-0.53, 0) (p<0.001)
in the RLRL and 0.01% atropine groups. The
foveal, parafoveal and perifoveal ChT changes
were 36.38 pm (14.05, 65.39), 31.04 um (4.09,
59.35), and 28.48 pm (5.35, 55.15), compared
to 0.94 pym (-9.20, 9.36), 3.52 pm (- 10.24,
14.45), and 6.14 yum (-5.21, 15.69) (all p<0.001)
in the RLRL and 0.01% atropine groups. The
foveal, parafoveal, and perifoveal CVV changes
were 0.01 pym? (0.00, 0.02), 0.05 pm? (0.02,
0.09), and 0.20 pm? (0.05, 0.30) compared to
0.00 pm? (-0.00, 0.01), 0.01 um? (-0.02, 0.03),
and 0.01 um? (-0.06, 0.09) (p<0.001) in the cor-
responding two groups.

Conclusions: After 6 months of treatment,
RLRL was more effective than 0.01% atropine
in controlling axial elongation and myopic
progression among children with myopia. The
foveal, parafoveal, and perifoveal ChT and
foveal, parafoveal, and perifoveal CVV changes
in the RLRL group were significantly higher than
those in the 0.01% atropine group.

Keywords: Myopia; Repeated low-level red
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Key Summary Points

Why carry out this study?

Myopia has emerged as a significant public
health concern impacting the visual well-
being of children and adolescents worldwide.
The global prevalence of myopia is presently
growing at an accelerated rate.

0.01% Atropine is a reasonable concentration
to delay myopia progression in children, but
the control effect is limited. The effective-
ness of repeated low-level red light (RLRL) in
delaying the development of myopia among
children has been clinically certified.

This research aimed to evaluate the impact
of RLRL and 0.01% atropine, and explored
the potential mechanism of RLRL and 0.01%
atropine in delaying myopia progression in
choroidal thickness (ChT) and choroidal ves-
sel volume (CVV).

What was learned from the study?

RLRL was more effective than 0.01% atropine
in controlling axial elongation and myopic
progression among children with myopia.
The ChT and CVV changes in the RLRL
group were significantly higher than those in
the 0.01% atropine group.

INTRODUCTION

Myopia has emerged as a significant public
health concern impacting the visual well-being
of children and adolescents worldwide [1-3].
The global prevalence of myopia is presently
growing at an accelerated rate. The prevalence
of myopia is expected to reach 49.8% by 2050,
totaling 4.8 billion people [4]. Myopia is more
than just a common refractive error; it consti-
tutes a vision-threatening condition. Myopia
usually develops rapidly during childhood and,
if left unmanaged, may further evolve into other
serious eye conditions [5-7]. It is vital to find
an efficacious treatment for myopia to control
its development, given that the condition is
associated with an upward trend in prevalence,
younger age, and severity [4-8].

Atropine is the most commonly utilized
medication for myopia control, and its effec-
tiveness is highly correlated with concentration.
Researchers demonstrated that a high concen-
tration of atropine significantly retards the pro-
gression of myopia clinically; however, there
are severe side effects, including rebound effects
after drug withdrawal [9-23]. Thus, researchers
found 0.01% atropine is a reasonable concen-
tration to delay myopia progression in children
and adolescents [24, 25].

Increasing exposure time under bright natural
light outdoors is considered an effective protec-
tive factor against the onset of myopia [26-29],
but its effectiveness in slowing myopia progres-
sion remains more controversial [30-32]. Fur-
thermore, a substantial amount of extracurricu-
lar outdoor time is required to make the process
effective, which is not practically feasible. As
a result, researchers in China have proposed a
new approach as a substitute for increasing light,
involving low-intensity red light with a 650 nm
wavelength in a concentrated beam. The effec-
tiveness of repeated low-level red light (RLRL)
in delaying the development of myopia among
children has been clinically certified [33-42].
Only one randomized controlled trial of atro-
pine vs. RLRL has been performed, by Chen
et al. [36], which showed that RLRL was a better
intervention than 0.01% atropine for myopia
control. However, it did not measure the cho-
roidal parameters. This research aimed to evalu-
ate the impact of RLRL on managing children
with myopia by examining the effectiveness dis-
parity between RLRL and 0.01% atropine over
6 months, and explored the potential mecha-
nism of RLRL and 0.01% atropine in delaying
myopia progression in choroidal thickness and
choroidal blood flow.

METHODS

Study Population

This study recruited Chinese schoolchildren
with myopia who visited the First Affiliated
Hospital of Zhengzhou University from Novem-
ber 2021 to March 2022. Inclusion criteria were
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6-12 years of age with a spherical equivalent
refraction (SER)>-5.00 D and <-0.75 D after
cycloplegia in both eyes, astigmatism<2.00 D,
best-corrected visual acuity of 20/20 or bet-
ter in monocular vision, and intraocular pres-
sure<21 mmHg. The exclusion criteria were
use of alternative medications or techniques
for myopia prevention, past/current amblyopia
or strabismus, and conflict with the research
schedule. The Human Ethics Committee of the
First Affiliated Hospital of Zhengzhou University
approved this study (No. 2021-KY-0399-003),
and it was subsequently registered in the Chi-
nese Clinical Trial Registry (Registration number
ChiCTR2100052964, registration date 2021-11-
06). Before treatment commenced, the guardians
were provided with a comprehensive explana-
tion of the potential hazards involved and their
consent was obtained.

Study Design, Randomization, and Masking

This research was carried out in two periods.
During period 1, participants were randomly
distributed equally to the 0.01% atropine or
RLRL groups for 6 months, after which there
was a 1-month recovery period with no therapy.
Subsequently, participants from the 0.01% atro-
pine group underwent a crossover to the RLRL
group, while the participants in the RLRL group
underwent a crossover to the 0.01% atropine
group during the second 6 months of period 2.
This study presents the findings of the initial
6-month investigation, often known as the
period 1 study. All participants had the same
medical examination procedure at the initial
and the 3-month and 6-month visits. Partici-
pants were instructed to wear monofocal glasses
during class if their uncorrected visual acuity
activity was less than 0.8 in both eyes, which
interfered with their learning.

A statistician performed simple randomiza-
tion independently, and the randomization
methods are in Supplementary File 1. As a result
of the nature of the intervention, the partici-
pants themselves were aware of the grouping
results, while outcome evaluators, including
technicians, optometrists, and statisticians, were
blinded to the two groups.

Intervention (0.01% Atropine Eye Drops and
RLRL)

Supplementary File 2 presents the preparation of
0.01% atropine eye drops. Each child was given
a single drop of 0.01% atropine to put in their
eyes before going to sleep each night. A record
calendar was distributed to the parents; at each
follow-up visit, the children were asked to return
the record calendar and three bottles. Treatment
compliance was calculated as a percentage of the
number recorded over the total treatment course
specified for the entire treatment period; compli-
ance was considered inadequate if the propor-
tion of 0.01% atropine was less than 80%.

The RLRL device was obtained from Eyeris-
ing (Suzhou Xuanjia Photoelectric Technology,
Jiangsu, China), which employs a semiconductor
laser diode to emit red light with a 650£10 nm
wavelength, illuminating from pupil to fundus
at an illuminance level of 1600 1x, including
a light spot diameter of 10+3 mm at the exit
peephole and mean energy of the light source
is 2.0+£0.5 mW. The device was used with the
supervision of the participant’s guardian, and
the time of treatment could be recorded; addi-
tionally, it could control the luminescence
according to the scheduled treatment arrange-
ments (3 min each time, twice a day, atleast4 h
apart, repeated once a day). Treatment adher-
ence was derived by dividing the total number of
completed sessions by the total number of des-
ignated therapy sessions throughout the treat-
ment duration. A percentage of RLRL instrument
usage below 80% was deemed poor compliance.

Study Procedures

Before cycloplegia, a non-touch partial correla-
tion interferometric instrument (IOLMaster 500;
Carl Zeiss Meditec AG, Germany) was used to
assess the axial length (AL), corneal power, and
anterior chamber depth (ACD). Each occasion
involved five consecutive measurements, and
the mean value of the SNR>35 was used for the
analysis. The IOLMaster 500 demonstrated a
repeatability of £0.05 mm in AL measurements
[43]; AL shortening was defined as decrease of
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AL more than 0.05 mm from baseline. Both eyes
received four drops of tropicamide eye solution
(0.5% tropicamide and 0.5% neo-synephrine)
(Santen, Japan) with a 10-min interval between
administrations to perform cycloplegic autore-
fraction. Circumferential autorefraction was
determined thrice using an automatic refrac-
tometer (NIDEK, AR-1, Japan) 10 min after the
last drop. The analysis involved averaging three
readings, each differing by 0.25 D. The SER was
determined by adding sphere power to 1/2 of
cylinder power.

In the state of cycloplegia, the choroidal thick-
ness (ChT) and choroidal vessel volume (CVV)
were obtained using scanning frequency swept-
source optical coherence tomography (S5-OCTA,
VG200S; SVision Imaging, Ltd., Henan, China).
CVV stands for volume of large and medium
vascularized choroidal vessels. Meanwhile, in
the Early Treatment Diabetic Retinopathy Study
(ETDRS), the entire macular zone (6 mm x 6 mm
range) was divided into three concentric circles
(0-1 mm diameter foveal, 1-3 mm diameter
parafoveal and 3-6 mm diameter perifoveal)
(Fig. 1). Details of the measuring method of ChT
and CVV are provided in Supplementary File 3.
The right eye was examined first, and only high-
quality scans (signal strength > 8) were selected.

At each trial, participants in both groups were
administered a questionnaire on symptoms of
discomfort. Details of the discomfort symptoms
for the RLRL group and 0.01% atropine group
can be viewed in Supplementary File 4.

Data Analysis

The sample size was determined using data from
previous studies [15, 37]. Our assumptions are
as follows: an alpha value of 0.05, 90% power, a
0.18 mm axial elongation with a standard devia-
tion (SD) of 0.13 mm over 6 months in the atro-
pine group, and a 50% treatment effect (reduc-
ing axial elongation by 0.09 mm in the RLRL
group). Therefore, this crossover trial necessi-
tated the inclusion of 72 participants. Consid-
ering a 25% withdrawal ratio, a minimum of 90
children was needed.

All measurements from the right eye of those
who accomplished the 6-month examination

were incorporated into the outcome analysis.
The Shapiro-Wilk test was used to check for the
normality of continuous variables. Normally
distributed parameters were characterized as
mean +SD and were assessed using Student’s
t test. Non-normally distributed continuous
variables are presented as medians and inter-
quartile range (median [Q1, Q3]) and evalu-
ated using the non-parametric rank-sum test.
Categorical parameters like gender were repre-
sented as percentages (%) and analyzed by the
chi-squared test. The Mann-Whitney U test was
used to compare the differences in AL, SER, and
choroid parameters between the two groups. A
generalized additive mixed model was employed
to examine the temporal variations in AL and
SER of the two groups, considering potential
confounders. The levels of statistical signifi-
cance set at p<0.05 and Empower (R) software
was employed for analysis.

RESULTS

Baseline Characteristics

Out of the initial sample of 100 children, 91
children fulfilled the inclusion criteria in the
study. Among them, 46 were randomly assigned
to the RLRL group, and 45 were randomly
assigned to the 0.01% atropine group. Among
the participants, 87 children (95.6%) completed
the 6-month visit. This included 45 children
(97.8%) from the RLRL group and 42 children
(93.3%) from the 0.01% atropine group (Fig. 2).
The mean treatment compliance in children
using RLRL and 0.01% atropine was 83.2% and
83.5%, respectively. No significant differences in
baseline values were observed between the two
groups (all p>0.05; Table 1). There were no sig-
nificant differences in the age, gender, baseline
SER, baseline AL between the dropout children
and those who completed the study (all p>0.05).

Changes in AL and SER

During a period of 6 months, distinct differ-
ences in the variations of AL and SER between
the two groups were observed. The change in
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Fig. 1 Illustration of SS-OCT imaging. The entire macu- 3-6 mm diameter perifoveal). a Measurement of CHT by
lar zone was divided into three concentric circles (0-1 mm SS-OCT. b Measurement of CVV by SS-OCT
diameter foveal, 1-3 mm diameter parafoveal, and
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[ 100 Subjects assessed for eligibility ]

9 Excluded
3 Declined to participate
3 Did not meet inclusion criterion
1 History of using atropine
2 Had intermittent exotropia

[ 91 Subjects ]
s N ] ] N
46 Randomized to receive 45 Randomized to receive
RLRL 0.01% atropine
\ J J
é A
Lost to follow-up (n=1) ) Lostto follow-up (n=3)
1 Worry about side-effects 1 Worry about side-effects
2 did not follow up
N\ J J
3-month visit (n=45) } 3-month visit (n=42)
( ( )
No lost to follow-up } No lost to follow-up
N\ - J
[ 45 Analyzed at 6-month visit ] [ 42 Analyzed at 6-month visit ]

Fig.2 Flowchart of subject recruitment and group allocation

AL was -0.09 mm (-0.18, 0.01) compared to additive mixed model (adjusted for age, base-
0.13 mm (0.05, 0.24) in the RLRL group and line SER, and baseline AL) showed that the dif-
0.01% atropine group (£Z=-6.12, p<0.001), ference in AL (B=-0.21, 95% CI 0.77 to 0.86,
and the change in SER was 0.25 D (IQR O, Ptimexgroup <0.001) and SER (p=0.47, 95% CI
0.50) compared to -0.25 D (IQR -0.53, 0) 1.41 to 1.80, Primexgroup <0-001) between the
(Z=-6.02, p<0.001) in the corresponding two groups increased over time.

two groups (Table 2, Fig. 3). RLRL performed

better than 0.01% atropine. The generalized
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Table 1 Baseline characteristics of study participants

RLRL group  0.01% Atropine group (N=42)  p value
(N=45)

Sex

Male, » 21 (46.7%) 23 (54.8%) 0.45

Female, 24(53.3%) 19 (45.2%)
Age (year) 927+145  898+127 0.32
BMI 17.20£2.96 17.60+3.05 0.53
Flat corneal curvature (D) 4296+142  4249+127 0.1
Corneal astigmatism (D) ~103£049 —1.182£049 0.16
Pupil diameter (mm) 5.98+0.81 6.12+0.68 0.39
Accommodative amplitude (D) 1428 +1.42 1476 +1.81 0.17
Anterior chamber depth (mm) 373+£0.21 3.70+0.26 0.48
Intraocular pressure (mmHg) 18.16+2.39 18.1142.36 0.93
Spherical equivalent refractive error (D) ~243+113  -228%1.04 0.51
Axial length (mm) 24334081  2452+0.82 0.29
Choroidal thickness (um)

Foveal choroidal thickness 297.89+51.04 286.62+38.93 0.25

Parafoveal choroidal thickness 292.55+54.62 278.09+45.70 0.13

Perifoveal choroidal thickness 285.74+48.62 268.05+39.61 0.07
Choroidal vessel volume (um?)

Foveal choroidal vessel volume 0.08 £0.02 0.08+0.01 0.13

Parafoveal choroidal vessel volume 0.64+0.14 0.60£0.13 0.27

Perifoveal choroidal vessel volume 1.99£0.37 1.92+0.34 0.37
Heredity

—— (neither parent myopic) 4(8.9%) 4(11.1%) 0.71

+— (one parent myopic) 19 (42.2%) 12 (33.3%)

++ (both parents myopic) 22 (48.9%) 20 (55.6%)

Data are presented as mean + SD or N (%)

8D standard deviation, RLRL repeated low-level red light, BMI body mass index, foveal 0-1 mm diameter, parafoveal
1-3 mm diameter, perifoveal 3—6 mm diameter

Changes in Choroidal Parameters baseline at 3 months and 6 months (Table 3).
The foveal, parafoveal, and perifoveal ChT
changes were 36.38 pm (14.05, 65.39),
31.04 pym (4.09, 59.35), and 28.48 um (5.35,

55.15), compared to 0.94 pm (-9.20, 9.36),

The ChT changes were significantly differ-
ent between the two groups compared to the
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Table 2 Changes in AL and SER after treatment in the two groups

RLRL group 0.01% Atropine group p value
N=45 N=42
AL, mm
Baseline to 3 months —-0.07 (- 0.17,0.01) 0.07 (-0.03,0.12) <0.001
Baseline to 6 months —0.09 (-0.18,0.01) 0.13 (0.05, 0.24) <0.001
SER,D
Baseline to 3 months 0.25 (0, 0.37) 0(-0.37,0) <0.001
Baseline to 6 months 0.25 (0, 0.50) —-0.25(-0.53,0) <0.001
RLRL repeated low-intensity red light, AL axial length, SER spherical equivalent refraction
Changes in AL of 0-6 months Changes in SER of 0-6 months
° (]
0.01% atropine group-| o 9 ! 4 ": ° e00 0.01% atropine group=] © ©§ ' 0' ° " °
© (] (] G
RLRL group— .% H .3. g" % ’: 00.. RLRL group=] og8e ° ' ofeoe
[ ]
— 1 T T T T T 1
05 0.0 0.5 A5 0 05 00 05 10 15

The changes of AL(mm)

Fig.3 Changesin AL and SER from 0 to 6 months

3.52 ym (-10.24, 14.45), and 6.14 pym (-5.21,
15.69) (all p<0.001) in the RLRL and 0.01%
atropine groups at 6 months.

The CVV changes were significantly different
between the two groups compared to the base-
line at 3 months and 6 months (Table 4). The
foveal, parafoveal, and perifoveal CVV changes
were 0.01 pm? (0.00, 0.02), 0.05 pm? (0.02,
0.09), and 0.20 um? (0.05, 0.30) compared to
0.00 pm? (-0.00, 0.01), 0.01 um? (-0.02, 0.03),
and 0.01 pm?® (-0.06, 0.09) (p<0.001) in the
RLRL and 0.01% atropine groups at 6 months.

Changes in Internal Axial Length

The internal axial length (IAL), which refers to
the length from the anterior corneal surface to
the anterior sclera, was obtained by summing
the foveal ChT measured by SS-OCT with the

The changes of SER(D)

AL determined by IOLMaster. The change in
IAL was —0.04 mm (-0.12, 0.04) and 0.13 mm
(0.05, 0.24) (Z=-5.78, p<0.001) in the RLRL and
0.01% atropine groups (Table 5), respectively.

Proportion of AL Shortening and IAL
Shortening

The proportion of AL shortening accounted for
28 cases (62.22%) and 4 cases (9.52%) in the
RLRL group and 0.01% atropine group, respec-
tively, with a statistically significant difference
(p<0.001) (Table 6). Similarly, IAL shortening
(corresponding changes in IAL were less than
—0.05 mm). The proportion of the two groups
with IAL shortening accounted for 21 cases
(46.67%) and 2 cases (4.76%) in the two groups,
respectively, with a statistically significant dif-
ference (p<0.001) (Table 6).
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Table 3 Changes in the foveal, parafoveal, and perifoveal ChT in the two groups
RLRL group 0.01% Atropine group p value
N=45 N=42
Foveal ChT, um
Baseline to 3 months 38.00 (7.87, 60.97) ~0.88 (—9.20, 10.61) <0.001
Baseline to 6 months 36.38 (14.05, 65.39) 0.94 (- 9.20,9.36) <0.001
Parafoveal ChT, um
Baseline to 3 months 39.53 (3.45, 56.52) —2.05 (- 8.17,14.60) <0.001
Baseline to 6 months 31.04 (4.09, 59.35) 3.52 (- 10.24, 14.45) <0.001
Perifoveal ChT, um
Baseline to 3 months 33.06 (2.53,53.06) ~1.35 (- 5.40, 10.24) <0.001
Baseline to 6 months 28.48 (5.35, 55.15) 6.14 (-5.21,15.69) <0.001

RLRL repeated low-intensity red light, ChT choroidal thickness, fovea/ 0—1 mm diameter, parafoveal 1-3 mm diameter, peri-

foveal 3-6 mm diameter

Table 4 Changes in the foveal, parafoveal, and perifoveal CVV in the two groups

RLRL group 0.01% Atropine group p value
N=45 N=42
Foveal CVV, ptm3
Baseline to 3 months 0.01 (0.00, 0.01) 0.00 (- 0.00, 0.00) <0.001
Baseline to 6 months 0.01 (0.00, 0.02) 0.00 (- 0.00, 0.01) <0.001
Parafoveal CVV, um?
Bascline to 3 months 0.05 (- 0.02, 0.08) 0.00 (- 0.02, 0.05) <0.001
Baseline to 6 months 0.05 (0.02,0.09) 0.01 (~0.02, 0.03) <0.001
Perifoveal CVV, um?
Baseline to 3 months 0.17 (0.05, 0.29) 0.04 (- 0.05, 0.14) <0.001
Baseline to 6 months 0.20 (0.05, 0.30) 0.01 (—0.06, 0.09) <0.001

RLRL repeated low-intensity red light, CV'V choroidal vessel volume, foveal/ 0-1 mm diameter, parafoveal 1-3 mm diameter,

perifoveal 3-6 mm diameter

Change of Pupil Diameter and
Accommodative Amplitude

During a period of 6 months, distinct differ-
ences in the variations of pupil diameter (PD)
and accommodative amplitude (AMP) between
the two groups were observed. The change in PD

was 0 mm (-0.60, 0.20) compared to 0.30 mm
(0, 0.70) in the RLRL group and 0.01% atropine
group (Z=-3.20, p=0.001), and the change in
AMP was 0 D (-0.80, 0.60) compared to —-1.00 D
(-1.80, 0) (Z=-3.18, p=0.001) in the corre-
sponding two groups (Table 7).
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Table 5 Changes in AL and IAL at 6 months in the two groups

RLRL group 0.01% Atropine group p value
N=45 N=42
AL change at 6 months (mm) ~0.09 (~0.18,0.01) 0.13 (0.05, 0.24) <0.001
Foveal ChT change at 6 months (mm) 0.04 (0.01, 0.07) 0.00 (—0.01,0.01) <0.001
IAL change at 6 months (mm) ~0.04 (~0.12,0.04) 0.13 (0.05, 0.24) <0.001

RLRL repeated low-intensity red light, ChT choroidal thickness, AL axial length, Z4L internal axial length

Table 6 Proportion of AL shortening and IAL shortening
in the two groups

RLRL group 0.01% p value
Atropine
group
AL shortening (mm) 28 (62.22%) 4(9.52%) <0.001
IAL shortening 21 (46.67%) 2(4.76%) <0.001
(mm)

RLRL repeated low-level red light, ALaxial length,
IAL internal axial length

Adverse Events

No severe adverse events occurred during the
trial, including sudden vision loss or scotoma.
Five children (5.74%) in the 0.01% atropine
group had mild photophobia under bright
lights; however, they did not report any addi-
tional distress when exposed to regular indoor
or outdoor light. Four children experienced the
disappearance of photophobia following a 2- to

4-week course (the remaining one child lost
these symptoms during the 1-month recovery
period) of treatment involving 0.01% atropine.
Sunglasses or a sun hat can resolve the problem
of photophobia when outdoors. None of the
children in either group exhibited any other
symptoms of discomfort. The SS-OCTA data
revealed no discernible structural injury in the
choroid and retina across all participants.

DISCUSSION

This prospective, randomized, single-blind, con-
trolled 6-month clinical trial showed RLRL was
more effective than 0.01% atropine in delaying
the axial growth among schoolchildren after
6 months of treatment. The foveal, parafoveal,
and perifoveal ChT and foveal, parafoveal, and
perifoveal CVV changes in the RLRL group were
significantly higher than those in the 0.01%
atropine group.

Table 7 Changes in PD and AMP after treatment in the two groups

RLRL group 0.01% Atropine group p value
PD, mm
0-3 months 0.01 (- 0.50, 0.30) 0.45 (0, 0.80) <0.001
0-6 months 0 (-0.60, 0.20) 0.30 (0, 0.70) 0.001
AMP,D
0-3 months 0.03 (-0.51,0.83) —1.24 (-2.54,-0.49) <0.001
0-6 months 0 (~0.80, 0.60) —1.00 (- 1.80, 0) 0.001

RLRL repeated low-intensity red light, PD pupil diameter, AMP accommodative amplitude
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Comparison of Efficacy of 0.01% Atropine
with RLRL

Wei et al. [10] conducted a randomized, con-
trolled, double-blind study involving children
aged 6-12 years with myopia in the range of
-1.00 D to -6.00 D. At the 6-month follow-
up, the children had mean AL increases of
0.16 mm and 0.21 mm, and the mean SER
changes of —0.21 D and -0.36 D for the 0.01%
atropine group and placebo group. Consistent
with the findings of this research, the incor-
poration criteria of this investigation yielded
similar results: an AL change of 0.13 mm (0.05,
0.24) and a SER change of -0.25 D (-0.53, 0)
at 6 months when 0.01% atropine was admin-
istered, suggesting that the administration of
0.01% atropine was better than the placebo
in controlling myopia. Consistent with previ-
ous research, the effectiveness of 0.01% atro-
pine therapy in this investigation provided a
dependable benchmark to evaluate the efficacy
of RLRL therapy. However, the physiological
growth rate of the AL of children for this age
group is 0.09 mm/year [44], and the amount
of AL growth in 6 months is about 0.05 mm.
In this study, the amount of AL increase in
the 0.01% atropine group is 0.13 mm, which
exceeded the physiological growth of AL, indi-
cating that myopia was still progressing.

RLRL has recently been revealed to be an
effective treatment for controlling the pro-
gression of myopia in children [33-40]. Mul-
tiple randomized controlled clinical trial stud-
ies have demonstrated a progression range of
-0.08 mm to 0.04 mm for AL and -0.03 D to
0.29 D for SER after using RLRL for 6 months
[34-39]. In this study, the variation of AL and
SER in the RLRL group was —0.09 mm (-0.18,
0.01) and 0.25 D (0, 0.50), respectively, in
accordance with the previous findings. The
differences in AL and SER changes following
RLRL treatment may be attributed to differ-
ent participant baseline characteristics (such
as baseline AL, SER) and different laser power
intensities of RLRL devices that reach the fun-
dus. Our findings indicate that RLRL is a more
effective therapy technique compared to 0.01%
atropine.

Reversal of AL and TAL

In this research, a reduction in AL was found,
which has a clinical significance. At 6 months of
follow-up, 62.22% of children in the RLRL group
exhibited an AL reduction exceeding 0.05 mm,
and the corresponding proportion is 9.52% in
the 0.01% atropine group. The AL results of the
IOLMaster measurements are generally regarded
as precise, the measurements are associated with
a margin of error within 0.05 mm. Therefore,
the AL reduction is not attributable to the meas-
urement error. In previous research on red-light
exposure, a decrease in AL was also detected,
with the proportion of ocular axis shorten-
ing over 0.05 mm at 6 months from 23.2% to
63.74% [36-39]. A retrospective study conducted
by Wang et al. [45] also found AL shortening in
children following RLRL therapy at 12 months.

Anatomically, the choroid is located adjacent
to the retina. The thickened choroid pushes
the retina forward, resulting in a mechanical
shortening of the AL. Since variations in foveal
ChT can affect AL, IAL was used in this research
to reveal the true nature of axial growth. IAL,
which is the length between the anterior sclera
and the anterior surface of the cornea, was
obtained by summing the foveal ChT measured
by SS-OCT with the AL determined by IOLMas-
ter. No statistically significant variation in IAL
was found in the 0.01% atropine group after a
6-month treatment period. Nevertheless, par-
ticipants who received RLRL exhibited a note-
worthy reduction in IAL by 46.67%, which was
considerably greater than the 4.76% reduction
observed in the 0.01% atropine group. As a
result, choroidal thickening could not provide
a complete explanation for ocular axial shorten-
ing. The mechanism of AL shortening is unclear,
and we speculate that RLRL may affect the syn-
thesis of the molecular signal and transfer capac-
ity of the choroid, or enhance scleral oxygena-
tion by increasing the choroid blood flow.

Changes in Choroidal Parameters

This study found that the RLRL group induced
a substantial upsurge of the foveal, parafoveal,
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and perifoveal ChT and foveal, parafoveal,
and perifoveal CVV, whereas these param-
eters remained stable in the 0.01% atropine
group. Xiong et al. [34] revealed that varia-
tions in foveal ChT in the SVS, OK lens, and
RLRL groups were—-16.84 pm, 14.98 pm,
and 35.30 pm, respectively. The LAMP study
showed no significant change in foveal
ChT from baseline after 1 year of follow-up
(-3.96£23.11 pym, p>0.05). In the present
study, a significant increase in foveal ChT was
observed in the RLRL group at 6-month follow-
up (36.38 pm [14.05, 65.39]), whereas no nota-
ble change was found in the 0.01% atropine
group (0.94 pm [-9.20, 9.36]), consistent with
previous studies. Only one retrospective study,
conducted by Zhou et al. [46] on a cohort in
eastern China, has examined choroidal blood
flow. The total choroidal area (TCA) and lumi-
nal area (LA) increased substantially after RLRL
at 9 months. In this study, at the 6-month fol-
low-up, the CVV increased in the RLRL group,
consistent with the findings of the previous
study; no notable change was found in the
0.01% atropine group.

The choroidal tissue exhibits the most sub-
stantial blood circulation within the eye and
is crucial in transmitting the signal from the
retina to the sclera. Throughout the process
of visual development, the choroid generates
substances that control the metabolism of the
sclera, which in turn influences the restructur-
ing of the scleral extracellular matrix (ECM).
This active involvement of the choroid in the
development of emmetropization or myo-
pia is a significant factor in the pathogenesis
[47]. Research conducted on both animals and
humans has demonstrated a clear correlation
between alterations in choroidal thickness
and choroidal blood flow [48]. The decline in
choroidal blood flow can lead to less oxygen
and nutrition delivery to the avascular sclera,
impacting the progression of myopia [47-49].
This study suggests that RLRL therapy can be
accomplished by enhancing the blood flow
in the choroid, which improves the oxygen
supply and nutrient availability to the scle-
ral hypoxia and delays axial growth. Further
studies are required to comprehend the exact
mechanisms of RLRL therapy.

Safety

No severe adverse events and structural damage
to the choroid and retina were found in both
groups, except for the most common ocular pho-
tophobia in the 0.01% atropine group; however,
the photophobia of most children disappeared
with prolonged medication time. Our study also
found that there was no significant change in PD
and AMP in the RLRL group (0 mm [-0.60, 0.20]
and 0 D [-0.80, 0.60]), while the PD increased
0.30 mm (0, 0.70) and AMP decreased —1.00 D
(-1.80, 0) in the 0.01% atropine group, which
was consistent with previous studies; the effect
on children’s learning was not significant [9, 50].

Study Limitations

The study has several limitations. First, the dou-
ble-blind method, such as using a low-illumina-
tion “light therapy simulator” as a placebo, was
not adopted. As a result of the different inter-
ventional methods, we were unable to achieve a
double-blind control. Second, the current study
lacked a placebo-control set. Considering that
a lot of previous studies have shown that both
0.01% atropine and RLRL have certain effects in
controlling myopia progression, it is appropriate
to directly compare the effects of the two inter-
vention methods, and it is unethical to enroll
children in a non-intervention control group at
the age of rapid progression of myopia. Third,
the observed therapeutic effect for preventing
the development of myopia was exclusively
applicable to the devices used in this study. It
is yet to be shown whether other wavelengths,
power intensity, duration of each exposure, or
treatment frequency have comparable or better
efficacy. Fourth, the trial duration was designed
to last for a duration of 6 months, which may
not have provided sufficient time to thoroughly
investigate the myopia control impact and sub-
sequent rebound following the discontinuation
of the medication. Extended follow-up is needed
to confirm if RLRL continues to yield benefits
over a more prolonged duration of use. Fifth, we
have not established the uniformity of efficacy
in ethnic groups beyond Chinese children.
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CONCLUSION

Among children with myopia aged 6-12 years
in the Central Plains of China, RLRL was found
to be more effective than 0.01% atropine in pre-
venting the axial elongation and myopia pro-
gresses. Furthermore, RLRL does not result in
any functional or structural damage to the eyes.
The foveal, parafoveal, and perifoveal ChT and
foveal, parafoveal, and perifoveal CVV increases
in the RLRL group were significantly higher than
those in the 0.01% atropine group. Nevertheless,
additional research is necessary to comprehend
the effectiveness and safety of prolonged usage,
the rebound phenomenon, the most effective
treatment approach, and the potential underly-
ing mechanisms.
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