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Abstract: Objective: To investigate the efficacy and safety of repeated low-intensity red light (RLRL) therapy com-
bined with defocus incorporated multiple segments (DIMS) spectacles for controlling myopia progression in chil-
dren. Methods: In this retrospective cohort study, medical records of 100 children with persistent myopia progres-
sion despite DIMS spectacle wear were reviewed. Patients were divided into two groups based on their treatment
history: a DIMS-only control group (n=50) and an RLRL+DIMS combination group (n=50). Axial length (AL), spherical
equivalent refraction (SER), uncorrected visual acuity (UCVA), central retinal thickness (CRT), subfoveal choroidal
thickness (SFChT), corneal curvature (CC), fundus autofluorescence, adverse events were assessed at baseline
and 1, 3, 6, 9 and 12 months. Results: Of the 100 enrolled children, 92 completed the 12-month follow-up. Base-
line characteristics were comparable between groups (all P>0.05). At 12 months, the combination group showed
significantly less axial elongation than the control group (mean change: 0.060+0.237 mm vs. 0.386+£0.183 mm,
P<0.001), with 37.8% of children showing axial shortening. SER progression was also significantly slower in the
combination group (change: +0.038+0.435 D vs. -0.720+0.295 D; P<0.001). SFChT increased significantly in the
combination group (+13.2+27.4 uym) but decreased in controls (-3.3+12.4 um, P<0.001). No significant changes
in CRT or CC were observed. Transient glare occurred in nine children; one child withdrew due to an 8-minute af-
terimage. No abnormal fundus autofluorescence was detected. Conclusion: RLRL combined with DIMS spectacles
effectively increased choroidal thickness, delayed axial elongation, and slowed SER progression in myopic children
over 12 months, with a favorable short-term safety profile. Longer-term studies are warranted to confirm sustained
efficacy and safety.
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Introduction

The prevalence of myopia among children and
adolescents in China ranks among the highest
inthe world, and controlling myopia has become
a national strategic priority, representing an
urgent public health issue [1]. Common meth-
ods for controlling myopia progression in chil-
dren mainly include repeated low-intensity red
light (RLRL), orthokeratology, defocus specta-
cles, and low-concentration atropine eye drops
[2]. Currently, defocus spectacles are widely
used in China, designed based on the theory
of peripheral retinal defocus to delay myopia
progression. Although different manufacturers
have minor differences in the microstructure

design of the microlenses, no studies have
demonstrated significant differences in the effi-
cacy of myopia control among these designs
[3]. These spectacles offer advantages such as
easy fitting, comfortable wear, and simple care,
while avoiding the ocular surface risks associ-
ated with orthokeratology and the potential
drug allergies or side effects of low-concentra-
tion atropine, making them widely adopted [4].
Studies have confirmed that defocus specta-
cles are superior to single-vision spectacles in
controlling myopic degree and delaying axial
elongation [5]. However, a considerable propor-
tion of patients wearing defocus spectacles still
experience uncontrolled myopia progression,
necessitating consideration of combined inter-
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ventions [6]. The core rationale of combined
intervention is to superimpose the comprehen-
sive effects of different mechanisms of action,
maximizing overall benefits while maintaining
acceptable safety and compliance [7]. RLRL, as
an emerging myopia control approach, has
evolved from the scientific hypothesis that light
influences ocular growth [8]. Previous studies,
through multiple randomized controlled trials,
have demonstrated the efficacy of repeated
low-intensity red light therapy for myopia con-
trol. Most of these studies have focused on
comparisons of single interventions, such as
RLRL vs. single-vision spectacles, RLRL vs.
sham devices, RLRL vs. 0.01% atropine. Apart
from studies on RLRL combined with orthoker-
atology, evidence for other combined interven-
tions involving RLRL remains very limited
[9-12].

For children who continue to experience myopia
progression despite wearing defocus specta-
cles, this study aimed to investigate the effica-
cy of combining DIMS spectacles with RLRL
therapy, thereby providing stronger scientific
evidence and clinical reference value for this
combined intervention strategy.

Research content and methods

This study adopted a single-center, retrospec-
tive cohort study design. The research process
strictly followed the ethical principles for hu-
man subjects stipulated in the Declaration of
Helsinki. The study protocol, which included a
waiver of informed consent, was approved by
the Ethics Committee of The First Affiliated
Hospital of Xinjiang Medical University. The
requirement for written informed consent was
waived because this study involved no more
than minimal risk and the retrospective review
of medical records could not be practicably car-
ried out without the waiver. Patient data were
de-identified prior to analysis to protect privacy.
The study was supervised throughout by the
hospital's Human Subject Protection Com-
mittee.

Study participants

We reviewed the medical records of children
aged 8-12 years from the Department of
Ophthalmology, The First Affiliated Hospital of
Xinjiang Medical University, who had been
wearing defocus spectacles and had docu-

7142

mented myopia progression in the past year.
Two ophthalmologists screened the records to
identify potentially eligible participants based
on the pre-defined inclusion and exclusion cri-
teria. Eligible patients were divided into two
groups according to their treatment history:
those who had received only DIMS spectacles
were assigned to the control group, and those
who had used DIMS spectacles in combination
with RLRL therapy were assigned to the combi-
nation group. Baseline data were collected
from the medical records at the initiation of
the respective treatment. Outcome measures
recorded during routine follow-up at 3, 6, 9, and
12 months were extracted for analysis. The
study site was the ophthalmology outpatient
clinic.

Inclusion criteria

(1) Age: 8 to 12 years at the time of data collec-
tion, consistent with the approved indications
for the RLRL device. (2) Diagnosed with myopia
and having worn DIMS spectacles for at least 1
year. Eligible patients had to demonstrate inad-
equate control of myopia progression, defined
as axial elongation >0.3 mm/year or spherical
equivalent refraction (SER) progression >0.5 D/
year. (3) Best-corrected visual acuity (BCVA):
20/20 or better. (4) Refractive range (spherical
equivalent): SER >-6.00 D and <-1.0 D. (5)
Anisometropia <1.00 D, astigmatism <1.50 D.
(6) Availability of complete medical records,
including baseline and follow-up data at 3, 6, 9,
and 12 months.

Exclusion criteria

(1) Incomplete refractive records, incomplete
follow-up, or lack of parental cooperation. (2)
Ocular diseases other than refractive error, any
history of ocular surgery, including but not lim-
ited to strabismus, binocular vision abnormali-
ties, and peripheral retinal lesions. (3) Any sys-
temic diseases or conditions that may affect
visual function and development (including dia-
betes and chromosomal abnormalities). (4)
Previous use of orthokeratology, atropine eye
drops, or RLRL therapy alone or in combination.
(5) Presence of contraindications explicitly stat-
ed in the device instructions: photosensitivity,
halos, cured ADHD, or psoriasis. (6) Missing key
outcome data (e.g., axial length or spherical
equivalent refraction) at the 12-month follow-
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up, preventing the assessment of the primary
outcome.

Interventions

DIMS+RLRL treatment group: Children in this
group had used DIMS spectacles in combina-
tion with RLRL therapy. The RLRL therapy was
administered at home twice daily, 3 minutes
per session, with an interval of at least 4 hours
between sessions. Before initial use, an oph-
thalmologist had explained the correct opera-
tion procedures to the children and parents,
provided detailed instructions, and supplied an
instructional video. A WeChat group was estab-
lished to promptly answer any operational
questions and report adverse events. During
the intervention period, each child received two
sessions of treatment per day under parental
supervision (e.g., morning + afternoon, morning
+ evening, or afternoon + evening), with each
session lasting three minutes, after which the
device automatically stopped. Each participant
was assigned a unique personal account and
password. The device could only be activated
after logging into the system for verification.
Researchers monitored and reminded partici-
pants about device usage via the online back-
end data.

DIMS control group: Children in this group had
used DIMS spectacles only, without receiving
RLRL irradiation during the same observation
period. They only engaged in routine study and
daily life activities. No additional myopia control
medications or training measures were used.
When a child’s refractive error progressed by
more than 0.50 D or when corrected visual acu-
ity could no longer meet their daily learning and
living needs, the defocus spectacles (DIMS
lenses) were promptly replaced with appropri-
ate power.

Outcome measures and data collection

Primary outcome: the change in axial length
(AL) at 12 months. Based on the distribution of
AL changes, participants were categorized into
three groups: axial shortening (<O mm), mini-
mal progression (0-0.3 mm), and rapid progres-
sion (>0.3 mm). The proportion of children in
each category was compared between the two
groups. Secondary outcomes: Best-corrected
visual acuity at 12 months, uncorrected visual
acuity, changes in SFChT, self-reported adverse
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events, and optical coherence tomography
(OCT) findings.

An optical biometer (Carl Zeiss I0L-Master 500)
was used for non-contact measurement of ocu-
lar refractive components, including AL and
corneal curvature (CC). An automated comput-
erized refractor (RM-1, Topcon, Japan) was
used in automatic mode to measure central
corneal refraction three times per eye, and the
average value was recorded. The spherical
equivalent was calculated as SER = sphere +
1/2 x cylinder. Subjective refraction was then
performed using a phoropter (CV-5000, Topcon,
Japan) to obtain the maximum plus to maxi-
mum visual acuity (MPMVA) result, which was
recorded. Visual acuity was measured using an
ETDRS chart. Optical coherence tomography
(BM-400K, Topcon, China) was used to mea-
sure subfoveal retinal thickness and choroidal
thickness in myopic children. The built-in mea-
surement system automatically measured sub-
foveal retinal thickness and choroidal thick-
ness. Retinal thickness was defined as the
vertical distance between the internal limiting
membrane and the retinal pigment epithelium.
Choroidal thickness was defined as the vertical
distance between Bruch’'s membrane and the
choroid-sclera junction. Fundus autofluores-
cence images were captured by the same expe-
rienced examiner using a Daytona 200 pan-
oramic scanning laser ophthalmoscope (Optos)
in autofluorescence mode.

At each follow-up visit, an ophthalmologist
interviewed the participating child or their
guardian and asked them to complete an
adverse reaction questionnaire covering flash
blindness, afterimages, scotoma, glare, sud-
den vision loss =2 lines, and others. Two ex-
perienced retinal specialists performed OCT
examinations and independently reviewed the
OCT results to promptly detect possible struc-
tural damage. If a participant experienced a
serious adverse reaction, such as sudden
vision loss >2 lines, central scotoma, or struc-
tural changes on retinal/choroidal OCT, treat-
ment was immediately terminated, the adverse
reaction was reported by the researchers, and
the case was reviewed by the executive com-
mittee. All adverse reactions were recorded in
the case report form.

The RLRL device used in this study had an auto-
matic compliance monitoring function via inter-
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net connectivity, recording the date and time of
each treatment session. The device-controlled
treatment frequency according to the pre-
scribed schedule (3 minutes per session, twice
daily, with a minimum interval of 4 hours).
Researchers could access usage records and
compliance via the device backend.

Data collection, management, and monitoring

The study principal investigator convened a
researcher meeting to train all study personnel
on the study protocol, data extraction proce-
dures, and case report form completion. A
standardized data extraction form was used to
collect data from the electronic and paper med-
ical records. When instruments had printed
results (e.g., IOL-Master printouts), these were
directly attached to the data extraction form.
For data that could not be directly printed, two
investigators independently verified the extract-
ed data before entry into the electronic data-
base. After data collection was completed, all
study documents were stored in a secure cabi-
net to protect participant privacy and ensure
accessibility for data review and auditing.
Participant medical records were accessible
only to researchers and monitors. Participant
data and information could not be used for any
other non-research purposes, ensuring privacy
protection. Adverse events that had been docu-
mented in the medical records during the treat-
ment period were extracted and recorded.

Sample size calculation and statistical meth-
ods

A post-hoc power analysis was performed
based on the final sample size. Based on a pre-
vious study of RLRL therapy combined with
optical interventions [13], we anticipated that
approximately 35% of children in the combina-
tion group would achieve axial shortening or
minimal progression (0.3 mm) at 12 months,
compared to approximately 10% in the control
group. Using a two-sided chi-square test for
comparison of proportions, with a significance
level (&) of 0.05 and a statistical power (1-3) of
80%, the calculated sample size was approxi-
mately 42 participants per group. To account
for an anticipated dropout rate of 15%, we
enrolled 50 participants per group, resulting in
a total sample size of 100 participants. This
sample size ensures adequate power to detect
a clinically meaningful difference in the primary
categorical outcome between the two groups.
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Statistical analysis was performed using IBM
SPSS 27.0. To avoid bias from inter-eye correla-
tion, data from the right eye of each participant
were used for analysis. When right-eye data
were unavailable, left-eye data were substitut-
ed. This approach follows established methods
in myopia research, where analyzing one ran-
domly selected or designated eye is a widely
accepted strategy to eliminate inter-eye depen-
dence [5, 14, 15]. For missing data due to drop-
outs, complete-case analysis was adopted, as
the overall dropout rate was low (8%, 8/100)
and the reasons were primarily related to early
treatment discomfort, compliance issues, or
parental concerns rather than to treatment out-
comes. No imputation methods, including last
observation carried forward or multiple imputa-
tion, were applied. Given the low dropout rate
and the balanced distribution of dropout rea-
sons between groups, complete case analysis
was considered appropriate for the primary effi-
cacy evaluation. All continuous variables were
tested for normality and presented as mean
+ standard deviation (SD). Categorical data
between groups were compared using the chi-
square test, and continuous variables were
compared using the t-test. Generalized estimat-
ing equations (GEE) were used to compare AL,
SER, UCVA, CRT, CC, and SFChT between the
treatment and control groups at different time
points. Differences in the above parameters
between the two groups at the same time point
were compared using the independent-sam-
ples t-test. Paired-samples t-tests were used to
compare AL, SER, UCVA, CRT, CC, and SFChT
before and after 12 months of RLRL treatment.
In addition, GEE was used to analyze the effects
of sex, baseline age, baseline ocular parame-
ters, treatment modality, follow-up time, the
interaction between treatment modality and
follow-up time, and changes in choroidal thick-
ness on AL.

Results
Follow-up and baseline characteristics

Follow-up diagram: See Figure 1.

Follow-up status of participants: A total of
100 patients were initially identified from the
medical records, all had used the same DIMS
spectacle lens (MyoSmart, HOYA, Japan). After
applying the inclusion and exclusion criteria, 92
patients with complete 12-month follow-up
data were included in the final analysis: 45 in
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Recruitment Screening and recruitment total 391 cases
records,79 from (312 from refractive advertisement)

!

Excluded 291 cases: 89 did not meet defocus spectacle criteria; 113 had history
of low. concentration atropine use; 18 had history of orthokeratology use

| Enrolled 100 participants Randomized 1:1

DIMs group n=50 | ‘

DIMs group n=50

¥ ¥
Month 1 n=48 Month 1 n=47
Backend monitoring: 2 insufficient time 1 withdrew: afterimage >6 min
v v
Month 3 n=49 Month 3 n=46
1 Refused follow-up 1 withdrew: concern about long-term harm
¥ '
Month 6 n=47 Month 6 n=45
2 chose other therapies 1 withdrew: concern about long-term harm
L i
Month 9 n=47 Month 9
2 chose other therapies n=45

¥
Month 12 n=47

confirming good baseline com-
parability between the groups.
Detailed baseline characteris-
tics are shown in Table 1.

Effect of RLRL therapy on
axial length in children wear-
ing defocus spectacles

To investigate the effect of
RLRL and time on AL in chil-
dren wearing DIMS spectacles,
AL data from the DIMS+RLRL
combination group and the
DIMS control group were sta-
tistically analyzed. There was a
statistically significant differ-

v
Month 12 n=45

Analysis Data collation and statistical analysis
DIMS group:47
RLRLADIMS group: 45

Figure 1. Patient disposition flowchart.

the DIMS+RLRL combination group and 47 in
the DIMS control group.

Exclusions: A total of 8 patients were excluded
from the analysis. In the RLRL+DIMS group, 5
were excluded, mainly due to incomplete medi-
cal records (n=2, 2%), missing compliance data
(n=2, 2%), and missing follow-up data after the
adverse event of prolonged afterimage (n=1,
1%). In the DIMS control group, 3 were excluded
due to incomplete 12-month follow-up data
(n=3, 3%).

Baseline characteristics of participants: A total
of 92 participants were included in the statisti-
cal analysis, aged 8-12 years, with SER ranging
from -5.75 D to -1.50 D. In the DIMS+RLRL
combination group (n=45), there were 14 males
(31.1%) and 31 females (68.9%), with mean
age 9.94+0.83 years, AL 25.03+0.83 mm, and
SER -3.38+£1.00 D. In the DIMS control group
(n=47), there were 23 males (48.9%) and 24
females (51.1%), with mean age 10.07+0.93
years, AL 24.92+0.75 mm, and SER -3.69+0.91
D. No statistically significant differences were
found between the two groups in terms of sex
distribution, age, AL, UCVA, IOP, SER, SFChT,
CRT, CC, or other parameters (all P>0.05).
Furthermore, the standardized differences for
all baseline characteristics were below 0.1,
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ence in AL across time points
among all participants (F_time
= 144.858, P_time < 0.001),
indicating that AL changed sig-
nificantly over time. Moreover,
the interaction effect between
time and treatment modality
on AL was significant (F_time x
treatment = 68.329, P_time x treatment
<0.001), indicating that the AL change trends
over time differed significantly between the two
groups. The primary outcome - the categorical
distribution of 12-month AL changes (shorten-
ing, minimal progression, and rapid progres-
sion) - is presented in Table 2. The intergroup
comparison showed a statistically significant
difference in the proportion of children achiev-
ing axial control between the two groups
(x>=38.096, P<0.001). Specifically, axial short-
ening was observed in 37.8% (17/45) of chil-
dren in the combination group, whereas no
axial shortening was observed in the control
group (0%). In the control group, 74.5% (35/47)
of children showed rapid progression (>0.3
mm), compared to only 15.6% (7/45) in the
combination group. Following this primary anal-
ysis, the mean changes in AL and other contin-
uous variables are reported below as second-
ary outcomes.

In the DIMS+RLRL group, baseline AL was
25.03+0.83 mm. After RLRL therapy, AL
showed an initial decrease to 24.98+0.85 mm
at 3 months, followed by a gradual increase at
6 and 12 months. At 12 months, AL was
25.08+0.84 mm, representing a change of
0.060£0.237 mm from baseline. The AL chang-
es in the DIMS+RLRL treatment group at 3, 6,
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Table 1. Comparison of baseline characteristics between the two groups

Characteristic DIMS group (n=47) DIMS+RLRL group (n=45) Statistic P value
Sex x?=2.342  0.126

Male 23 (48.9%) 14 (31.1%)

Female 24 (51.1%) 31 (68.9%)
Age (years) 10.07+£0.93 9.94+0.83 t=0.729 0.468
Age at myopia onset (years) 8.22+1.15 8.06+£1.16 t=0.652 0.516
Annual axial length change (mm) 0.59+0.13 0.60£0.13 t=-0.533 0.595
Baseline UCVA 0.26+0.12 0.27+0.12 t=-0.707 0.481
Baseline AL (mm) 24.92+0.75 25.03+0.83 t=-0.644 0.521
Baseline IOP (mmHg) 14.63+2.84 14.14+2.84 t=0.815 0.417
Baseline SER (D) -3.69+0.91 -3.38+£1.00 t=-1.556 0.123
Baseline SFChT (um) 275.37+43.85 265.19+44.98 t=1.099 0.275
Baseline CRT (um) 250.72+26.67 253.54+20.01 t=-0.571 0.569
Baseline CC (D) 43.35+1.35 43.07+£1.27 t=1.038 0.302

Abbreviations: UCVA, uncorrected visual acuity; AL, axial length; IOP, intraocular pressure; SER, spherical equivalent refraction;
SFChT, subfoveal choroidal thickness; CRT, central retinal thickness; CC, corneal curvature.

Table 2. Absolute values and changes in AL at different time points

Characteristic DIMS group (n=47) DIMS+RLRL group (n=45)  Statistic P value
AL (mm)
Baseline (MO) 24.92+0.75 25.03+0.83 0.107 0.521
Month 3 (M3) 25.00+0.75 24.98+0.85 -0.019 0.908
Month 6 (M6) 25.10+0.78 25.01+0.86 -0.090 0.600
Month 9 (M9) 25.19+0.76 25.11+0.85 -0.082 0.628
Month 12 (M12) 25.30+0.77 25.08+0.84 -0.219 0.196
F value (time) 144.858 <0.001
F value (time x treatment) 68.329 <0.001
AL change (mm)
Month 3 (M3-MO) 0.081+0.087 -0.045+0.163 -0.126 <0.001
Month 6 (M6-MO) 0.178+0.134 -0.018+0.178 -0.196 <0.001
Month 9 (M9-MO) 0.275+0.125 0.087+0.169 -0.188 <0.001
Month 12 (M12-MO0) 0.386+0.183 0.060+0.237 -0.326 <0.001
Distribution of 12-month AL change x?>=38.096 <0.001
>0.3 mm 35 (74.5%) 7 (15.6%)
0-0.3 mm 12 (25.5%) 21 (46.7%)
<0 mm 0 (0.0%) 17 (37.8%)

Abbreviation: AL, axial length.

9, and 12 months were: -0.045+0.163 mm,
-0.018+0.178 mm, 0.087+0.169 mm, and
0.060+0.237 mm, respectively (Table 2).

In the DIMS control group, the baseline AL was
24.92+0.75 mm. AL then gradually and contin-
uously increased over time. At 12 months of
treatment, AL reached 25.30+0.77 mm, repre-
senting a change of 0.386+0.183 mm from
baseline, with a statistically significant differ-
ence (P<0.001). The AL changes in the DIMS
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control group at 3, 6, 9, and 12 months were:
0.081+0.087 mm, 0.178+0.134 mm, 0.275+
0.125 mm, and 0.386+0.183 mm, respectively
(see Figure 2).

Comparing the DIMS+RLRL group with the
DIMS group, there was no significant difference
in baseline AL (P=0.521). However, at 3, 6, 9,
and 12 months, the differences in AL change
between the two groups were statistically sig-
nificant (all P<0.001), and the AL change in the
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Figure 2. AL at different time points in the two groups (Inter-group Comparison) and changes. A. Absolute axial
length (AL) at Baseline, Month 3, 6, 9, and 12 in the DIMS control and DIMS+RLRL combination groups. B. Change
in AL from baseline at Month 3, 6, 9, and 12 in the two groups. Abbreviation: AL, axial length.

DIMS+RLRL treatment group at 12 months was
significantly lower than that in the DIMS control
group (difference = -0.326 mm, P<0.001). At
12 months, the AL change in the DIMS+RLRL
combination group was 0.326 mm less than
that in the DIMS control group, indicating that
the DIMS+RLRL combination group had a sig-
nificantly smaller axial elongation compared to
the DIMS control group, with an inter-group dif-
ference of 0.326 mm at 12 months. Axial short-
ening was observed in 37.8% (17/45) of chil-
dren in the combination group, whereas no
axial shortening was observed in the control
group (0%).

Effect of RLRL therapy on spherical equivalent
refraction in children wearing defocus spec-
tacles

To investigate the effect of RLRL and time on
SER, we analyzed SER data from the two
groups. There was a statistically significant dif-
ference in SER among all participants at differ-
ent time points (F_time = 98.542, P_time <
0.001), indicating that SER changed significant-
ly over time. Moreover, the interaction effect
between time and treatment modality on SER
was significant (F_time x treatment = 72.156,
P_time x treatment < 0.001), meaning that the
trend of SER change over time differed signifi-
cantly depending on the treatment modality.

In the DIMS+RLRL combination group, the
baseline SER was -3.38+1.00 D. After combi-
nation therapy, SER showed a gradual hyper-
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opic shift, peaking at-3.33+1.08 D at 9 months.
At 12 months, SER was -3.34+1.00 D, repre-
senting a change of 0.038+0.435 D from base-
line. The SER changes in the DIMS+RLRL treat-
ment group at 3, 6, 9, and 12 months were:
0.046+0.259 D, 0.009+0.322 D, 0.048+0.327
D, and 0.038+0.435 D, respectively (Table 3).

In the DIMS control group, the baseline SER
was -3.69+0.91 D. SER then gradually and con-
tinuously decreased over time (myopic progres-
sion). At 12 months, SER reached -4.41+0.95
D, representing a change of -0.720+0.295 D
from baseline, with a statistically significant dif-
ference (P<0.001). The SER changes in the
DIMS control group at 3, 6, 9, and 12 mon-
ths were: -0.233+0.207 D, -0.393+0.233 D,
-0.520+0.238 D, and -0.720+0.295 D, respec-
tively (see Figure 3).

Comparing the DIMS+RLRL group with the
DIMS group, there was no significant difference
in baseline SER (P=0.123). However, at 3, 6, 9,
and 12 months, the differences in SER between
the two groups were statistically significant (all
P<0.001), and the SER change in the DIMS+
RLRL treatment group at 12 months was signifi-
cantly better than that in the DIMS control
group (difference = 0.758 D, P<0.001). At 12
months, the SER change in the DIMS+RLRL
combination group was 0.758 D less than that
in the DIMS control group, indicating a substan-
tial treatment effect with an inter-group differ-
ence of 0.758 D in favor of the combination
group. Notably, the combination group exhibit-
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Table 3. Absolute values and changes in SER at different time points

Characteristic DIMS group (n=47) DIMS+RLRL group (n=45) Statistic P value

SER (D)
Baseline (MO) -3.69+0.91 -3.38+£1.00 0.31 0.123
Month 3 (M3) -3.92+0.88 -3.34+£1.00 0.59 0.003
Month 6 (M6) -4.09+0.96 -3.37+1.14 0.71 0.002
Month 9 (M9) -4.21+0.97 -3.33+1.08 0.88 <0.001
Month 12 (M12) -4.41+0.95 -3.34+1.00 1.07 <0.001
F value (time) 98.542 <0.001
F value (time x treatment) 72.156 <0.001

SER change (D)
Month 3 (M3-MO) -0.233+0.207 0.046+0.259 0.279 <0.001
Month 6 (M6-MO) -0.39310.233 0.009+0.322 0.402 <0.001
Month 9 (M9-MO) -0.520£0.238 0.048+0.327 0.568 <0.001
Month 12 (M12-MO0) -0.720+0.295 0.038+0.435 0.758 <0.001

Abbreviation: SER, spherical equivalent refraction.
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Figure 3. SER at different time points in the two groups and changes. A. Absolute spherical equivalent refraction
(SER) at Baseline, Month 3, 6, 9, and 12 in the DIMS control and DIMS+RLRL combination groups. B. Change in
SER from baseline at Month 3, 6, 9, and 12 in the two groups. Abbreviation: SER, spherical equivalent refraction.

ed a mean hyperopic shift (+0.038 D) com-
pared to the myopic progression in the control
group (-0.720 D).

Effect of RLRL therapy on uncorrected visual
acuity in children wearing defocus spectacles

To investigate the effects of RLRL and time on
UCVA, we analyzed UCVA data from the two
groups. There was a statistically significant dif-
ference in UCVA among all participants at dif-
ferent time points (F_time = 15.234, P_time <
0.001), indicating that UCVA changed signifi-
cantly over time. Moreover, the interaction
effect between time and treatment modality on
UCVA was significant (F_time x treatment =
28.456, P_time x treatment < 0.001), meaning
that the trend of UCVA change over time dif-
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fered significantly depending on the treatment
modality.

In the DIMS+RLRL group, baseline UCVA was
0.27+0.12. After combination therapy, UCVA
gradually increased, peaking at (0.39+0.18) 9
months. At 12 months, UCVA was 0.38+0.18,
representing a change of 0.111+0.144 from
baseline. The UCVA changes in the DIMS+RLRL
treatment group at 3, 6, 9, and 12 months
were: 0.056+0.083, 0.063+0.090, 0.116+
0.108, and 0.111+0.144, respectively (see
Table 4).

In the DIMS control group, the baseline UCVA
was 0.26+0.12. UCVA then gradually decreased
over time, reaching 0.17+0.12 at 9 months
and 0.21+0.14 at 12 months, representing a
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Table 4. Absolute values and changes in UCVA at different time points

Characteristic DIMS group (n=47) DIMS+RLRL group (n=45) Statistic P value
UCVA
Baseline (MO) 0.26+0.12 0.27+0.12 0.02 0.481
Month 3 (M3) 0.24+0.14 0.33+0.13 0.09 0.002
Month 6 (M6) 0.231£0.12 0.34+0.15 0.10 <0.001
Month 9 (M9) 0.17+0.12 0.39+0.18 0.22 <0.001
Month 12 (M12) 0.21+0.14 0.38+0.18 0.18 <0.001
F value (time) 15.234 <0.001
F value (time x treatment) 28.456 <0.001
UCVA change
Month 3 (M3-MO) -0.015+0.044 0.056+0.083 0.071 <0.001
Month 6 (M6-MO) -0.025+0.063 0.063+0.090 0.087 <0.001
Month 9 (M9-MO) -0.082+0.081 0.116+0.108 0.198 <0.001
Month 12 (M12-MO0) -0.050+£0.102 0.111+0.144 0.161 <0.001
Abbreviation: UCVA, uncorrected visual acuity.
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Figure 4. UCVA and changes at different time points in the two groups. A. Absolute uncorrected visual acuity (UCVA)
at Baseline, Month 3, 6, 9, and 12 in the DIMS control and DIMS+RLRL combination groups. B. Change in UCVA
from baseline at Month 3, 6, 9, and 12 in the two groups. Abbreviation: UCVA, uncorrected visual acuity.

change of -0.050+0.102 from baseline. The
UCVA changes in the DIMS control group at 3,
6, 9, and 12 months were: -0.015+0.044,
-0.025+0.063, -0.082+0.081, and -0.050+
0.102, respectively (see Table 4).

Figure 4 shows that the differences in UCVA
change between the two groups at 3, 6, 9, and
12 months were 0.071, 0.087, 0.198, and
0.161, respectively. The differences in UCVA
change between the two groups at all time
points were statistically significant (all P<
0.001).

Effect of RLRL therapy on subfoveal choroidal
thickness in children wearing defocus spec-
tacles

To investigate the effects of RLRL and time on
choroidal thickness, we analyzed subfoveal
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choroidal thickness (SFChT) data from the two
groups. There was a statistically significant dif-
ference in SFChT among all participants at dif-
ferent time points (F_time = 12.567, P_time <
0.001), indicating that SFChT changed signifi-
cantly over time. Moreover, the interaction
effect between time and treatment modality on
SFChT was significant (F_time x treatment =
35.891, P_time x treatment < 0.001), meaning
that the trend of SFChT change over time dif-
fered significantly depending on the treatment
modality.

In the DIMS+RLRL combination group, baseline
SFChT was 265.2+45.0 pm. After receiving
combination therapy, SFChT increased signifi-
cantly, peaking at 289.6£52.6 um at 6 months
(change +24.4+17.3 ym), then slightly decrea-
sed to 278.4+53.9 ym at 12 months (change
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Table 5. Absolute values and changes in SFChT at different time points

Characteristic DIMS group (n=47) DIMS+RLRL group (n=45) Statistic P value

SFChT (um)
Baseline (MO) 275.4+43.8 265.2+45.0 -10.2 0.275
Month 3 (M3) 274.8+44.9 282.6+50.2 7.8 0.436
Month 6 (M6) 274.9+45.5 289.6+52.6 14.7 0.156
Month 9 (M9) 270.4+43.4 282.8+45.7 12.4 0.184
Month 12 (M12) 272.1+46.7 278.4+53.9 6.3 0.547
F value (time) 12.567 <0.001
F value (time x treatment) 35.891 <0.001

SFChT change (um)
Month 3 (M3-MO) -0.6+9.1 17.4+20.1 18.0 <0.001
Month 6 (M6-MO) -0.5+10.4 24.4+17.3 24.8 <0.001
Month 9 (M9-MO) -5.0+£10.0 17.6£20.5 22.6 <0.001
Month 12 (M12-MO0) -3.3112.4 13.2+27.4 16.5 <0.001

Abbreviation: SFChT, subfoveal choroidal thickness.
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Figure 5. SFChT and changes at different time points in the two groups. A. Absolute subfoveal choroidal thickness
(SFChT) at Baseline, Month 3, 6, 9, and 12 in the DIMS control and DIMS+RLRL combination groups. B. Change in
SFChT from baseline at Month 3, 6, 9, and 12 in the two groups. Abbreviation: SFChT, subfoveal choroidal thickness.

+13.2427.4 pm). The SFChT changes in the and 16.5 pm, respectively. The differences in
DIMS+RLRL treatment group at 3, 6, 9, and 12 SFChT change between the two groups at all
months were: 17.4+20.1 um, 24.4+17.3 pm, time points were statistically significant (all
17.6+£20.5 ym, and 13.2+27.4 ym, respectively P<0.001).

(see Table 5).

Effect of RLRL therapy on central retinal thick-

In the DIMS control group, the baseline SFChT ness in children wearing defocus spectacles

was 275.4+43.8 uym. SFChT then gradually

decreased over time, reaching 270.4+43.4 um To investigate the effects of RLRL and time on
at9 months and 272.1+46.7 um at 12 months, central retinal thickness (CRT), we analyzed

representing a change of -3.3+12.4 um from CRT data from the two groups. There was no
baseline. The SFChT changes in the DIMS con- - . . .
significant difference in CRT among all partici-

trol group at 3, 6, 9, and 12 months were: . ) . .

pants at different time points (F_time = 1.234,
-0.6+9.1 um, -0.5+10.4 pm, -5.0+£10. , . .
0:649.1 um, -0.5+10.4 um, -5.0+10.0 pm, and P_time = 0.298), indicating that CRT did not

-3.3+12.4 ym, respectively (see Table 5). o €
change significantly over time. Moreover, the

Figure 5 shows that the differences in SFChT interaction effect between time and treatment
change between the two groups at 3, 6, 9, and modality on CRT was not significant (F_time x
12 months were 18.0 ym, 24.8 ym, 22.6 um, treatment = 0.856, P_time x treatment =
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Table 6. Absolute values and changes in CRT at different time points

Characteristic DIMS group (n=47) DIMS+RLRL group (n=45) Statistic P value

CRT (um)
Baseline (MO) 250.7£26.7 253.5+£20.0 2.8 0.569
Month 3 (M3) 250.2+25.4 253.7£20.3 3.5 0.475
Month 6 (M6) 250.4+26.6 253.0£21.1 2.7 0.598
Month 9 (M9) 250.7+£26.6 254.9+20.9 4.2 0.402
Month 12 (M12) 250.4+27.1 254.2+21.4 3.8 0.463
F value (time) 1.234 0.298
F value (time x treatment) 0.856 0.492

CRT change (um)
Month 3 (M3-MO) -0.5+6.4 0.1+5.2 0.6 0.603
Month 6 (M6-MO) -0.445.3 -0.5%+6.5 -0.2 0.898
Month 9 (M9-MO) 0.01£5.6 1.4+5.8 1.4 0.244
Month 12 (M12-MO0) -0.3+6.2 0.6+5.2 0.9 0.431

Abbreviation: CRT, central retinal thickness.
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Figure 6. CRT and changes at different time points in the two groups. A. Absolute central retinal thickness (CRT) at
Baseline, Month 3, 6, 9, and 12 in the DIMS control and DIMS+RLRL combination groups. B. Change in CRT from
baseline at Month 3, 6, 9, and 12 in the two groups. Abbreviation: CRT, central retinal thickness.

0.492), meaning that the trend of CRT change control group at 3, 6, 9, and 12 months were:
over time did not differ significantly depending -0.5+6.4 pm, -0.445.3 ym, 0.0+5.6 uym, and
on the treatment modality. -0.3+£6.2 pym, respectively (see Table 6).

In the DIMS+RLRL combination group, the There was no significant difference in CRT
baseline CRT was 253.5+20.0 um. After receiv- change between the two groups during the
ing combination therapy, CRT remained rela- 12-month follow-up period (P>0.05). At 12
tively stable, with CRT at 12 months being months, CRT was 254.2+21.4 ym in the DIMS+
254.2+21.4 ym, a change of 0.6£5.2 ym from RLRL combination group and 250.4+27.1 ymin
baseline. The CRT changes in the DIMS+RLRL the DIMS control group. These results indicate
treatment group at 3, 6, 9, and 12 months that RLRL therapy has no significant effect on
were: 0.1+5.2 um, -0.5+6.5 pm, 1.4+5.8 pym, central retinal thickness, suggesting its safety
and 0.6+5.2 ym, respectively (Table 6). in this regard (Figure 6).

In the DIMS control group, the baseline CRT Effect of RLRL therapy on corneal curvature in
was 250.7£26.7 pym. CRT remained relatively children wearing defocus spectacles

stable during follow-up, with CRT at 12 months

being 250.44+27.1 ym, a change of -0.3£6.2 ym To investigate the effects of treatment modality
from baseline. The CRT changes in the DIMS and time on CC, we analyzed CC data from the
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Table 7. Absolute values and changes in CC at different time points

Characteristic DIMS group (n=47) DIMS+RLRL group (n=45) Statistic P value
CC (D)
Baseline (MO) 43.35+1.35 43.07+£1.27 -0.28 0.302
Month 3 (M3) 43.31+£1.35 43.07+£1.26 -0.24 0.380
Month 6 (M6) 43.38+1.38 43.05+1.35 -0.33 0.248
Month 9 (M9) 43.39+1.43 43.11+1.40 -0.28 0.349
Month 12 (M12) 43.37+£1.37 42.99+1.23 -0.38 0.163
F value (time) 2.145 0.078
F value (time x treatment) 1.023 0.398
CC change (D)
Month 3 (M3-MO) -0.03410.473 0.009+0.318 0.043 0.610
Month 6 (M6-MO) 0.027+0.362 -0.020+0.340 -0.047 0.523
Month 9 (M9-MO) 0.040+0.348 0.044+0.392 0.005 0.950
Month 12 (M12-MO0) 0.026+0.408 -0.073+0.335 -0.099 0.209
Abbreviation: CC, corneal curvature.
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Figure 7. CC and changes at different time points in the two groups. A. Absolute corneal curvature (CC) at Baseline,
Month 3, 6, 9, and 12 in the DIMS control and DIMS+RLRL combination groups. B. Change in CC from baseline at

Month 3, 6, 9, and 12 in the two groups. Abbreviation: CC, corneal curvature.

two groups. There was no significant difference
in CC among all participants at different time
points (F_time = 2.145, P_time = 0.078), indi-
cating that CC did not change significantly over
time. Moreover, the interaction effect between
time and treatment modality on CC was not sig-
nificant (F_time x treatment = 1.023, P_time x
treatment = 0.398), meaning that the trend of
CC change over time did not differ significantly
depending on the treatment modality.

In the DIMS+RLRL combination group, the
baseline CC was 43.07+1.27 D. After receiving
combination therapy, CC remained relatively
stable, with CC at 12 months being 42.99+1.23
D, a change of -0.073+0.335 D from baseline.
The CC changes in the DIMS+RLRL treatment
group at 3, 6, 9, and 12 months were: 0.009+
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0.318 D, -0.020£0.340 D, 0.044+0.392 D,
and -0.073%0.335 D, respectively (Table 7).

In the DIMS control group, the baseline CC was
43.35+1.35 D. CC remained relatively stable
during follow-up, with CC at 12 months being
43.37+1.37 D, a change of 0.026+0.408 D
from baseline. The CC changes in the DIMS
control group at 3, 6, 9, and 12 months were:
-0.034+0.473 D, 0.027+0.362 D, 0.040+0.348
D, and 0.026+0.408 D, respectively (Table 7).

There was no significant difference in CC
change between the two groups during the
12-month follow-up period (P>0.05). These
results indicate that low-intensity red light ther-
apy has no significant effect on CC and does
not alter corneal morphology (Figure 7).
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Effect of RLRL therapy on fundus autofluores-
cence in children wearing defocus spectacles

No abnormal fundus autofluorescence (FAF)
was detected in any child throughout the entire
study follow-up period.

Self-reported side effects: perceptible scoto-
ma, glare, prolonged afterimage duration (>6
minutes, total 8 minutes)

No child reported perceptible scotoma. Nine
children reported transient glare at the begin-
ning of treatment, mainly within the first week,
but were still able to continue with the subse-
quent experiment. One child reported a red
afterimage at 9:17 PM after RLRL treatment,
which was particularly noticeable against a
white background. The afterimage persisted
until 9:23 PM. The parents immediately report-
ed it to the CRC. After an additional 2 minutes
of observation, the afterimage disappeared,
totaling 8 minutes. The child was immediately
brought to the hospital for visual acuity, OCT,
and autofluorescence examinations. Best-
corrected visual acuity was 1.0, OCT showed
no abnormal retinal or choroidal findings, and
autofluorescence examination was normal. The
child subsequently withdrew from the experi-
ment. At follow-up visits at 1, 3, 6, and 12
months thereafter, the child maintained a best-
corrected visual acuity of 1.0, no autofluores-
cence was detected, and no abnormal changes
in ocular structure or function, including retinal
and choroidal OCT, were observed.

Discussion

Effect of low-intensity red light combined with
defocus spectacles on axial length in myopic
children

The results of this study showed no significant
difference in baseline AL between the DIMS+
RLRL group and the DIMS-only group (P=0.521).
However, at 3, 6, 9, and 12 months, the differ-
ences in AL change were statistically signifi-
cant. At 12 months, the AL change in the com-
bination group was significantly lower than that
in the control group (difference = -0.326 mm,
P<0.001), representing an 84.6% reduction in
axial elongation. Axial shortening was observed
in 37.8% (17/45) of children in the combination
group, whereas no axial shortening was obser-
ved in the control group. These results indicate
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that for children with continued myopia pro-
gression despite DIMS wear, RLRL can delay AL
elongation and control myopia progression. The
“Expert Consensus on the Application of AL in
Myopia Prevention and Control Management
(2023)" states that AL is one of the main param-
eters for assessing ocular development in chil-
dren and adolescents. Unlike refractive mea-
surements, which are affected by accommoda-
tion, AL measurement is not influenced by
accommodation, and its changes follow rela-
tively stable patterns with age, making it an
important objective indicator for evaluating
ocular development and predicting myopia
onset and progression [16]. Similar to our find-
ings, a 2025 clinical retrospective study fol-
lowed 190 school-aged children for a mean of
301 days and showed that the annual AL
change in the DIMS+RLRL combination group
was -0.13 mm, significantly better than that in
the RLRL-only group (-0.04 mm, P=0.0009) and
the DIMS-only group (0.16 mm, P<0.0001).
That study also confirmed that the combination
therapy was significantly more effective than
monotherapy in controlling myopia progression
[17]. In summary, the combination of DIMS and
RLRL not only effectively halts axial progres-
sion after DIMS intervention but can even par-
tially reverse axial elongation, demonstrating
a significant synergistic effect and clinical
benefit.

Effect of low-intensity red light combined with
defocus spectacles on refraction in myopic
children

Our results showed no significant difference in
baseline spherical equivalent refraction (SER)
between the DIMS+RLRL group and the DIMS
group (P=0.123). However, at 3, 6, 9, and 12
months, the differences in SER between the
two groups were statistically significant (all
P<0.001). After 12 months, the SER change in
the DIMS+RLRL group was significantly better
than that in the control group, with a between-
group difference of 0.758 D in favor of the com-
bination group, showing a hyperopic shift and
slower refractive progression. Similar results
have been reported in other studies. For exam-
ple, Jiang et al. found that after 12 months of
treatment, the SER progression in the RLRL+
SVS group was -0.20 D, significantly lower than
the -0.79 D in the SVS control group, with a
betweengroup difference of -0.59 D [13]. Ano-
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ther randomized doubleblind controlled trial
published in 2023, which included 111 Chinese
children aged 7-12 years, reported that after 6
months of follow-up, the mean SER change in
the RLRL group was +0.06 D (a slight hyperopic
shift), compared to -0.11 D in the control group,
with a statistically significant difference [18]. A
study published in Ophthalmology investigating
RLRL intervention in high myopia showed that
the mean SER change at 12 months was +0.11
D in the intervention group and -0.75 D in the
control group, concluding that repeated lowlev-
el red light exhibits greater treatment efficacy
in patients with high myopia, with 53.3% of
patients showing significant axial shortening
[18]. A multicenter prospective study published
in 2025 even extended the scope to children
with ultra-high myopia (SER <-10 D). In 59 chil-
dren aged 3-16.3 years (including high and
extreme myopia) treated with RLRL for 12
months, the mean SER increased by 0.549 D
and mean AL decreased by 0.056 mm. Sub-
group analysis showed comparable efficacy
between the extreme myopia and high myopia
groups [19]. In summary, low-intensity red light
combined with defocus spectacles, consistent
with previous studies, effectively slows refrac-
tive progression in myopic children, with some
children even showing a hyperopic shift. Al-
though various studies support that RLRL inter-
vention affects SER, the change in SER does
not perfectly correspond to the change in AL
and cannot be explained solely by AL. Further
indepth investigation of changes in other ocu-
lar structures is needed to explore possible
mechanisms.

Comparison of this study with other low-inten-
sity red light combination therapies for myopia
control

Consistent with our findings, other combina-
tion therapies have shown similar synergistic
effects in myopia control. For example, a multi-
center randomized controlled trial evaluated
the efficacy of RLRL combined with orthokera-
tology in children with rapidly progressing myo-
pia. The results showed that after 12 months of
treatment, the AL change in the combination
group was -0.02 mm, whereas in the orthokera-
tologyonly group it increased by 0.27 mm, dem-
onstrating a significant synergistic control
effect of RLRL [20]. Another study in Spanish
myopic children also confirmed that after 12
months of RLRL combined with orthokeratolo-
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gy, the combination group showed axial short-
ening of -0.124 mm, while the orthokeratology-
only group showed axial elongation of 0.102
mm, with a statistically significant betwee-
group difference [21]. A 2025 RCT evaluated
the effect of RLRL combined with digital infant
therapy (DIT). In 116 children aged 8-10 years,
the median SER increase in the RLRL+DIT group
was +0.21 D over one year, while the RLRL-only,
DIT-only, and control groups showed changes of
-0.06 D, -0.08 D, and -0.30 D, respectively, sug-
gesting that combination intervention may have
the potential to reverse myopia [22]. According
to the “Expert Consensus on Repeated Low-
Intensity Red Light Therapy for Adjuvant Treat-
ment of Myopia in Children and Adolescents
(2022)”, RLRL can be used in combination with
orthokeratology, defocus spectacles, or soft/
rigid contact lenses. However, in the absence
of evidence-based support, combination with
low-concentration atropine is not recommend-
ed, because atropine-induced mydriasis may
make the intraocular light dose difficult to con-
trol [3]; therefore, no experimental studies on
RLRL combined with atropine have been found.
Our results also support the advantages of
combination therapy. In conclusion, comparing
the effects of different myopia control combi-
nation therapies will become an important
direction for future research, and more precise,
effective, and safe combination regimens still
require further clinical evidence.

Effect of low-intensity red light combined with
defocus spectacles on UCVA in myopic chil-
dren

Existing studies have mainly focused on the
effect of RLRL combined with other methods
on key myopia progression indicators such as
SER and AL, with relatively limited direct ass-
essment of its impact on uncorrected visual
acuity (UCVA). In this study, except for baseline,
UCVA at different time points showed signifi-
cant differences among all participants (F_time
= 15.234, P_time < 0.001), indicating that
UCVA changed significantly over time. However,
the interaction between time and treatment
modality on UCVA was significant (F_time x
treatment = 28.456, P_time x treatment <
0.001), suggesting that UCVA change trends
differed significantly between treatment modal-
ities. The UCVA in the combination group gradu-
ally improved, reaching 0.39+0.18 at 9 months
and 0.38+0.18 at 12 months. Similar to our
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conclusion, Xiong et al. studied 90 adolescent
myopic patients divided into an observation
group and a control group according to differ-
ent correction methods, with 45 cases (90
eyes) each. The control group received single-
vision spectacle correction, and the observa-
tion group received single-vision spectacles
combined with RLRL irradiation. UCVA changes
were compared before treatment and at 1, 3,
and 6 months after treatment. The results
showed that after 6 months, UCVA in the obser-
vation group was higher than that in the control
group at the same time point (P<0.05) [23]. A
study in young children with high myopia drew
similar conclusions. That study included 40
children aged <10 years with high myopia,
divided into an RLRL group and a full-correction
single-vision spectacle (SVS) group. Regardless
of the presence of amblyopia, the RLRL group
had better UCVA than the SVS group at 1, 3,
and 6 months after intervention, and axial elon-
gation was significantly lower than in the SVS
group (P<0.05), indicating that RLRL has short-
term efficacy in visual improvement and myopia
control in young children with high myopia [24].
Other studies have proposed different conclu-
sions. One study compared red light therapy
combined with lutein supplementation. After
12 months of follow-up in 100 myopic patients,
the combination group showed sustained im-
provement in UCVA, which was significantly bet-
ter than the control group receiving red light
alone at 6 and 12 months. The study suggest-
ed that the observed visual improvement in
children might be related to reduced myopia
due to choroidal thickening, but also might
involve a learning effect from using the same
visual acuity chart throughout the experiment
[25]. Therefore, conclusions that RLRL improves
UCVA should be interpreted with caution.

Effect of low-intensity red light combined with
defocus spectacles on subfoveal choroidal
thickness in myopic children

SFChT is a key indicator for assessing blood
supply and structural status of the posterior
segment of the eye and is important in various
ocular diseases, including myopia [26]. Our
results showed that the change in SFChT over
time differed significantly between the DIMS+
RLRL combination group and the DIMS-only
control group, depending on the treatment
modality. In the combination group, SFChT con-
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tinuously increased from 1 to 6 months after
treatment, reaching a peak at month 6 (289.6+
52.6 ym), an increase of 24.4+17.3 ym from
baseline. Thereafter, it slightly decreased at 9
and 12 months, reaching 278.4+53.9 ym at 12
months, still 13.2+27.4 ym above baseline.
Current consensus holds that SFChT is not con-
stant but is influenced by many physiological
factors and is closely related to ocular biomet-
ric parameters such as AL and refraction [27].
Previous views suggested that the develop-
ment of myopia is mainly characterized by
progressive axial elongation accompanied by
corresponding choroidal thinning [28]; this neg-
ative correlation has been widely reported and
is considered a typical feature of myopia pro-
gression [29]. However, some studies have
shown that axial shortening and choroidal
thickening are not completely synchronized,
suggesting that posterior segment structural
changes may drive axial changes, and scleral
remodeling may also be involved [30]. Multiple
systematic reviews and meta-analyses have
confirmed that RLRL treatment significantly
increases SFChT and delays axial elongation at
3-, 6-, and 12-month follow-ups, and this effect
is consistent across different ages and myopia
severities. For example, a clinical trial in 74 chil-
dren aged 6-16 years showed that SFChT
increased by 23.23 uym, 31.58 uym, and 35.30
pum at 1, 3, and 6 months after LLRL treatment,
respectively [31]; pooled effects showed signifi-
cant SFChT increases of approximately +43.65
pm and +25.07 um at 3 and 6 months, respec-
tively, while AL increased significantly less than
in controls at 3, 6, and 12 months [3]. However,
different OCT devices used in previous studies
may affect the accurate assessment of SFChT
changes induced by RLRL [32]. The SFChT
increase observed in our study (13.2+27.4 ym)
is lower than previously reported, which may be
related to differences in OCT devices and mea-
surement methods. Therefore, caution should
be exercised when directly comparing choroidal
thickening magnitudes across studies, consid-
ering inconsistencies in study design, partici-
pant characteristics, and measurement instru-
ments and methods [33]. Currently, it is be-
lieved that RLRL's myopia control effect is part-
ly achieved through choroidal thickening, which
may relieve scleral hypoxia and promote scleral
remodeling via related signaling pathways [34].
In summary, RLRL's myopia control effect is not
solely dependent on choroidal thickening; other
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ocular structures may also participate in the
control process [35], including the anterior seg-
ment, and the specific mechanisms require fur-
ther experimental investigation.

Effect of low-intensity red light combined with
defocus spectacles on central retinal thick-
ness in myopic children

When assessing the effect of RLRL therapy on
ocular structures, central retinal thickness
(CRT) is a key observational indicator. The mac-
ula, as the core region of central vision, has
structural integrity that directly affects visual
function. Although numerous studies have con-
firmed that RLRL effectively delays axial elon-
gation and increases choroidal thickness, its
effect on the retina adjacent to the choroid,
especially macular retinal thickness, remains
an important aspect for evaluating the safety of
this therapy and elucidating its mechanism of
action [36]. Therefore, clarifying the specific
effect of RLRL on macular retinal thickness is
important for comprehensively evaluating its
clinical value and potential risks. There is cur-
rently no consensus on whether RLRL therapy
affects macular retinal thickness in myopic chil-
dren, with different studies reporting inconsis-
tent or even contradictory results [23, 37]. A
2025 randomized single-blind parallel-con-
trolled trial included 70 myopic children ran-
domly assigned to an RLRL group or a control
group. After 9 months of continuous treatment,
the results showed that while RLRL effectively
delayed the increase in refraction and AL, no
retinal structural changes were found, and
functional examinations including microperim-
etry revealed no visual function damage [38].
Similarly, another 2024 randomized clinical
trial in pre-myopic children, which included 94
children followed for up to 12 months, found no
significant difference in central retinal thick-
ness between the RLRL group and the control
group (P>0.05), indicating that the treatment
did not cause changes in subfoveal retinal
thickness [39]. Other studies have observed
different results. A multicenter, randomized,
parallel-group, single-blind clinical trial pub-
lished in 2024 specifically evaluated the effi-
cacy of RLRL in 202 children aged 7-12 years
with high myopia. After 12 months of treat-
ment, the study found that RLRL not only effec-
tively shortened AL but also increased retinal
thickness in the perifoveal and peripheral
regions, whereas CRT in the control group sig-
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nificantly thinned in the peripheral region.
Multiple linear regression analysis further con-
firmed a significant correlation between CRT
changes and AL changes [37]. Meanwhile,
potential effects of RLRL on macular cone den-
sity have raised safety concerns. A 2025 retro-
spective cohort study warned about the long-
term safety of RLRL. Using high-resolution
adaptive optics scanning laser ophthalmoscopy
(AOSLO), the study evaluated the effect of RLRL
on cone photoreceptor density in 52 myopic
children (97 eyes) aged 5-14 years, compared
with 47 untreated children. The results showed
that after at least one year of RLRL treatment,
AOSLO detected a significant decrease in cone
density within 0.5 mm of the fovea in the treat-
ment group, especially in the temporal region.
The study concluded that long-term RLRL treat-
ment is associated with decreased perifoveal
cone density and mild retinal abnormalities in
some children, suggesting the need for further
in-depth research on the long-term safety of
RLRL [40]. The results of our study showed that
during the 12-month follow-up, there was no
significant difference in CRT changes between
the two groups (P>0.05). At 12 months, CRT
was 254.2+21.4 ym in the DIMS+RLRL combi-
nation group and 250.4+27.1 ym in the DIMS
control group, with no statistically significant
difference at any time point, suggesting that
low-intensity red light therapy has no significant
effect on central retinal thickness and is safe,
consistent with most experimental results.
Future studies should use more precise detec-
tion methods to further evaluate retinal func-
tion and cellular structure.

Effect of low-intensity red light combined with
defocus spectacles on corneal curvature in
myopic children

Although the effects of RLRL on AL and refrac-
tion have been extensively discussed, its influ-
ence on anterior segment parameters such as
CC remains unclear. It is worth noting that
although choroidal thickening induced by RLRL
treatment shows a macro-trend correlation
with myopia control effects, in-depth analysis
reveals that the relationship is not simply linear
or directly causal [41]. Changes in choroidal
thickness may more reflect the physiological
state of the fundus rather than being the sole
driver of refractive changes. Other ocular struc-
tures may also participate in the myopia control
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mechanism induced by RLRL; therefore, moni-
toring changes in CC is still necessary. A 2025
systematic review and meta-analysis addressed
this issue. The study aimed to evaluate the
effect of RLRL on refractive development in
children using dose-response meta-analysis,
including 12 randomized controlled trials with a
maximum follow-up of 12 months. The primary
outcome measures included AL, spherical
equivalent refraction error, and anterior CC.
The results confirmed that RLRL was signifi-
cantly superior to the control group in delaying
axial elongation and myopia progression, but
RLRL showed no statistically significant effect
on anterior CC; RLRL did not significantly affect
anterior CC in children [42]. This conclusion is
consistent with our study. So, besides CC, what
specific roles do other ocular structures play in
myopia control? This question requires further
experimental validation.

Effect of low-intensity red light combined with
defocus spectacles on fundus autofluores-
cence in myopic children

Fundus autofluorescence (FAF) is a noninvasive
imaging technique that assesses the health
and metabolic activity of retinal pigment epi-
thelium (RPE) cells by mapping the distribution
of endogenous fluorophores in the fundus [43].
The main source of fluorescence is lipofuscin
accumulated in lysosomes within RPE cells,
which undergoes characteristic changes in vari-
ous retinal diseases [44]. The Optos fundus
autofluorescence used in this study employs
laser scanning, which, due to its short examina-
tion time, improves comfort and compliance in
children and is not affected by macular pig-
ment, showing potential for routine clinical
monitoring [45]. Additionally, safety monitoring
of low-intensity red light irradiation has made
its long-term effects on the retina and associ-
ated monitoring tools a focus of academic
attention [3]. Although no abnormal autofluo-
rescence was found in this study, FAF can be
used to record RPE lipofuscin load and tempo-
ral changes, helping to detect potential RPE
stress or pathological changes, and can pro-
vide additional safety information during long-
term follow-up of red light therapy, especially
when there is a risk of RPE-related genetic or
degenerative conditions or when new maculop-
athy occurs [45].
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Self-reported side effects: transient glare and
prolonged afterimages

Regarding the subjective sensation of glare,
previous studies have only sporadically report-
ed discontinuation due to glare [3]. In this
study, nine children reported transient glare or
dazzling at the beginning of treatment, mainly
within the first week of treatment. However,
after careful communication, they were able to
continue and complete the experiment. These
nine children showed no abnormal changes in
ocular structure or function at subsequent fol-
low-ups at 1, 3, 6, 9, and 12 months. After the
first month of this study, essentially no children
complained of glare or dazzling, indicating that
the first month of use is a critical period for chil-
dren’s compliance. During this period, providing
timely and detailed explanations to parents
and children, maintaining good communica-
tion, and alleviating children’s anxiety and par-
ents’ concerns will help improve RLRL compli-
ance and ensure that participating children can
be included in comparative analyses.

One child discontinued the study because of
an afterimage duration exceeding 6 minutes
(approximately 8 minutes). An afterimage is the
phenomenon in which an observer briefly per-
ceives an image after the visual stimulus has
been removed [46]. When the retina is stimu-
lated by bright light, photosensitive pigments in
the photoreceptors are largely consumed, re-
ducing their sensitivity to subsequent stimuli
and producing a negative afterimage. Addition-
ally, downstream neurons connected to the
photoreceptors may exhibit rebound excitation
or inhibition after stimulus cessation, contribut-
ing to afterimage formation [47]. Other studies
involving low-intensity red light have also
observed varying degrees of prolonged afterim-
age duration [48]. Therefore, the afterimage
issue deserves indepth clinical discussion. The
2022 “Expert Consensus on RLRL Adjuvant
Treatment of Myopia” cited a case report by Liu
et al., in which a 12-year-old patient developed
excessively long afterimages during red light
therapy, and examination revealed ellipsoid
zone disruption and a central scotoma, requir-
ing immediate treatment discontinuation and
medical attention [3]. However, whether these
findings are directly related to red light irradia-
tion has been questioned. Shojikishi from Tokyo
Medical and Dental University published a let-
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ter to the editor expressing a different opinion,
suspecting Stargardt disease based on the
child’s early OCT finding of “dark choroid”. In the
subsequent follow-up at 1, 3, 6, and 12 months,
the child had a best-corrected visual acuity of
1.0, no autofluorescence, and no abnormal
changes in ocular structure or function, includ-
ing retinal and choroidal OCT. However, upon
careful history-taking, the child reported that
the afterimage was more noticeable against a
white background, suggesting that background
color plays a key role in visual perception.
Studies have shown that the perceived color of
a stimulus is influenced by its surrounding envi-
ronment, and this hue shift is not constant [49].
The contrast between background and target
color can interfere with discrimination ability,
and background color is an important variable
affecting color perception and judgment. How-
ever, existing evidence directly examining the
relationship between background color and the
specific visual phenomenon of afterimages is
still limited. Current research mostly focuses
on the effects of background color on immedi-
ate color recognition, emotional perception,
and visual search tasks, rather than on afterim-
ages after stimulus cessation [50]. Most cur-
rent red light studies rely on children’s self-
reported afterimage duration without standar-
dizing background color, which may introduce
error. Therefore, exploring the relationship
between background color and afterimages,
developing a standardized background device
for afterimage monitoring after red light thera-
py, and achieving standardization of afterimage
detection may be important research direc-
tions for the future.

Safety of low-intensity red light for myopia
control

Red light therapy has been widely used clini-
cally for various systemic diseases, including
ocular diseases, with good efficacy. However,
its safety remains a concern for both clinicians
and patients. The children in this retrospective
cohort study underwent one year of RLRL treat-
ment, demonstrating short-term safety. Animal
experiments have shown that highpower or
continuous laser irradiation can cause retinal
damage. For example, continuous irradiation of
the rat fundus with a helium-neon laser at 30
mW/cm? for 15 minutes per day over 3 days
resulted in pathological findings including full-
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thickness retinal elevation, disorganized inner
and outer nuclear layers, and increased inter-
nuclear spaces [51]. Wang Yipeng et al. [52]
also showed that daily 30-minute irradiation
with a 650 nm, 2 mW laser for 6 months
induced photodamage in chicken retinas, as
evidenced by significantly decreased levels of
superoxide dismutase and retinal hemoglobin
[53]. These studies suggest that red light is
readily absorbed by the retina and may cause
photodamage if used improperly. Retinal dam-
age from red light is influenced by multiple fac-
tors, including incident wavelength, power den-
sity, spot size, and exposure time. Jiang et al.
[38] used the same manufacturer and model of
2 mW semiconductor laser source as in our
study, and the measured power after passing
through a 4-mm pupil was 0.29 mW, which is
within the safe range. However, the follow-up
and intervention periods in current clinical tri-
als are still relatively short; therefore, the long-
term safety of RLRL for myopia control in chil-
dren and adolescents requires confirmation
from longer-term studies. Zhu et al. [53] evalu-
ated the safety of RLRL therapy using multifo-
cal electroretinography, contrast sensitivity,
and OCT. They found that after 6 months of
treatment, the response density and amplitude
of the P1 wave of the first ring of multifo-
cal electroretinography increased significantly,
high-spatial-frequency contrast sensitivity im-
proved significantly at 12 months, the relative
reflectance of the ellipsoid zone increased at 6
months (P=0.029), and the relative reflectance
of the photoreceptor outer segment increased
significantly at both 6 and 12 months (P<0.001),
with no evidence of retinal structural or func-
tional damage [53]. In addition, the potential
effect of RLRL on biological rhythms deserves
attention. A 2025 study investigating the sensi-
tivity of the rodent visual system to red light
showed that even brief and weak red light expo-
sure could significantly activate the master cir-
cadian clock in the suprachiasmatic nucleus,
rapidly suppress melatonin secretion, and
cause phase shifts in daily activity rhythms.
Therefore, the authors recommended cautious
use of red light in animal experiments and hus-
bandry to minimize interference with research
outcomes [54]. This finding suggests that when
using red light therapy for myopia control, its
possible effects on circadian rhythms and
related physiological processes, such as mela-
tonin secretion, must be fully considered, as
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these processes themselves may also partici-
pate in the regulation of ocular growth [55].

Limitations of this study

First, due to the retrospective design, this study
is subject to inherent biases, including selec-
tion and information bias. Although baseline
characteristics were comparable, the non-ran-
domized assignment based on treatment his-
tory may have introduced confounding by indi-
cation. Second, myopia control spans the entire
developmental process of children, but the fol-
low-up period of this study was only one year,
making it difficult to assess long-term efficacy
and safety. Our research group has already
planned a longer-term prospective study based
on these findings. Furthermore, this study did
not include a post-treatment washout period,
so it cannot answer whether there would be a
refractive rebound after discontinuation similar
to that seen with atropine withdrawal. If refrac-
tive rebound occur, what would be its timing
and severity? Therefore, the next step is to plan
a prospective follow-up of children who discon-
tinue RLRL after the clinical observation period
ends, in order to further confirm the rebound
effect after long-term use. Additionally, al-
though the ages of the two groups were compa-
rable, the retrospective nature of the study pre-
cluded the collection of detailed individual life-
style factors, such as electronic device usage
time, writing posture, and outdoor activity time,
which may have confounded the results. Finally,
and most importantly, the primary consider-
ation in myopia control is the safety. Regarding
long-term safety, neither this study nor other
reports have reached a consensus; controversy
remains. This requires further research in ani-
mal experiments. Furthermore, the lack of a
sham irradiation control group, a common limi-
tation in retrospective studies, should be
acknowledged. Although we attempted to miti-
gate this by using highly objective, automated
measurement devices (e.g., I0L-Master, OCT)
for the primary and secondary outcomes, the
possibility of a placebo effect due to the addi-
tional attention received by the combination
group cannot be entirely excluded. This limita-
tion should be carefully considered when inter-
preting the results.
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