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Purpose: Repeated low-level red-light (RLRL) therapy is an emerging treatment for myopia control. Never-
theless, previous studies are limited by open-label design. Our study aimed to assess the efficacy and safety of
RLRL therapy in controlling myopia progression compared to a sham device with only 10% of the original power.

Design: Randomized, double-blind, controlled clinical trial.
Participants: A total of 112 Chinese children aged 7 to 12 years with myopia of at least e0.50 diopter (D),

astigmatism of 1.50 D or less, and anisometropia of 1.50 D or less.
Methods: Participants were assigned randomly in a 1:1 ratio to the RLRL group or the sham device control

group, following a schedule of 3 minutes per session, twice daily, with an interval between sessions of at least 4
hours. The RLRL therapy was provided by a desktop red-light therapy device and administered at home. The
sham device was the same device but with only 10% of the original device’s power. Cycloplegic refraction and
axial length (AL) were measured at baseline and 6 months.

Main Outcome Measures: Changes in cycloplegic spherical equivalence refraction (SER) and AL between 2
groups were compared using a generalized estimating equation (GEE).

Results: A total of 111 children were included in the analysis (n ¼ 56 in the RLRL group and n ¼ 55 in the
sham device control group). The mean SER change over 6 months was 0.06 � 0.30 D in the RLRL group and
e0.11 � 0.33 D in the sham device control group (P ¼ 0.003), with respective mean increases in AL of 0.02 � 0.11
mm and 0.13 � 0.10 mm (P < 0.001). In the multivariate GEE models, children in the RLRL group showed less
myopia progression and axial elongation than those in the sham device control group (SER: coefficient, 0.167 D;
95% confidence interval [CI], 0.050e0.283D; P ¼ 0.005; AL: coefficient, e0.101 mm; 95% CI, e0.139 to e0.062
mm; P < 0.001). No treatment-related adverse events were reported.

Conclusions: In myopic children, RLRL therapy with 100% power significantly reduced myopia progression
over 6 months compared with those treated with a sham device of 10% original power. The RLRL treatment was
well tolerated without treatment-related adverse effects. Ophthalmology 2023;130:198-204 ª 2022 by the
American Academy of Ophthalmology. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Supplemental material available at www.aaojournal.org.
Myopia is the most common ocular condition globally, with
the prevalence of myopia and high myopia projected to
increase from 23% to 54% and 3% to 20% between 2000
and 2050, respectively.1e4 Notably, high myopia is associ-
ated with substantial risk of irreversible sight-threatening
complications, including myopic maculopathy, glaucoma,
and retinal detachment.5e8 Thus, myopia is an important
public health concern, and an effective and safe method to
control myopia progression is needed urgently.

Repeated low-level red-light (RLRL) therapy is an
emerging effective treatment for myopia control with no
documented functional or structural damage.9,10 A clinical
study demonstrated that RLRL significantly reduced the rate
of myopia progression and axial elongation over 6 months
compared with orthokeratology and single-vision spectacles
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(SVS).9 Another 12-month, multicenter, randomized clinical
trial involving 264 children 8 to 13 years of age showed that
RLRL therapy was an effective treatment for myopia control
compared with SVS, and no documented functional and
structural damages were observed.10 However, these studies
were limited by the lack of an appropriate control group;
thus, patients masked to treatment could not be applied. The
open-label design may bias the effectiveness, may affect
participants’ behavior, may lead to imbalanced dropout rates,
and may bias the observation of outcome measures, especially
in trials with subjective end points.11 Therefore, we conducted,
to our knowledge, the first prospective, randomized, double-
masked, controlled clinical trial to evaluate the efficacy of
RLRL therapy in myopia control compared with a sham de-
vice with only 10% of the original power.
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Methods

Study Design and Setting

This prospective, randomized, double-masked, controlled clinical
trial of children with myopia was conducted from November 2019 to
April 2021 at 2 hospitals in Baotou, China. All investigators and
personnel were trained and certified on the study’s procedures before
its initiation. All eligible children in this study were randomized at an
allocation ratio of 1:1 to the RLRL group or the sham device control
group, following a treatment schedule of 3 minutes per session, twice
daily, with an interval between sessions of at least 4 hours.

Ethical approval was obtained from the institutional review
boards at The First Affiliated Hospital of Baotou Medical College
of Inner Mongolia University (identifier, 2020(08)) and Baotou
Central Hospital (identifier, 2020-QX-01). Written informed and
verbal consent were provided by a parent or legal guardian and the
child. The trial was conducted according to the tenets of the
Declaration of Helsinki. This trial is registered with chictr.org.cn
(no. ChiCTR2100052322).

Eligibility Criteria

A total of 114 children were recruited between November 2019 and
August 2020. Children aged 7 to 12 years with myopia of cyclo-
plegic spherical equivalent refraction (SER) of at least e0.50 diopter
(D), astigmatism of 1.50 D or less, and anisometropia of 1.50 D or
less who were willing to participate in the study and accept random
allocation in grouping were enrolled in this clinical trial. Excluded
were those with secondary myopia, ocular diseases (e.g., amblyopia,
strabismus, congenital ocular diseases), previous use of methods for
myopia control (e.g., orthokeratology, atropine, and pirenzepine),
history of ocular surgeries (e.g., cataract surgery and LASIK), or
systemic diseases (e.g., cardiac and respiratory diseases). Children
were excluded further if investigators thought they had contraindi-
cations that made them unsuitable for participation.

Randomization and Masking

After verifying eligibility and obtaining consent, eligible partici-
pants were allocated randomly in a 1:1 ratio to either the inter-
vention group (RLRL treatment plus SVS) or the sham device
control group (sham device with 10% of original power plus SVS).
Treatment allocation was completed by 2 investigators (J.D. and
H.X.) 1 at each site, unmasked) using closed sealed envelopes that
had randomized numbers printed on them by the investigators. The
random allocation sequence was generated using randomized block
methods in SAS software, version 9.1.3 (SAS Institute) by a stat-
istician who was not involved in participant recruitment or data
collection. Only 2 investigators (J.D. and H.X.) were responsible
for group allocation and device dispensing and were aware of the
study allocation. Other investigators, participants, and the statisti-
cian were masked to study allocation.

Intervention

In addition to SVS, children in the intervention group received
RLRL therapy, and those in the sham device control group
received sham light therapy, both at a treatment schedule of 3
minutes per session, twice daily, with an interval between sessions
of at least 4 hours. The RLRL group received a desktop red-light
therapy device (Eyerising; Suzhou Xuanjia Optoelectronics Tech-
nology) that has been widely used for amblyopia treatment in
China over the past few decades. The sham device control group
received the same device but with only 10% of the original de-
vice’s power. The light power entering a 4-mm pupil (the
maximum pupil size under the condition of bright light exposure
over 10 seconds) was 0.29 mW for the RLRL device and 0.03 mW
for the sham device. These power levels are classified as class 1
under the International Electrotechnical Commission 60825-
1:2014 standard,12 which is at a level considered safe for direct
ocular exposure. Children brought their corresponding RLRL or
sham device home, where they used the device under the
supervision of their parents or guardians.

Intervention Compliance Monitoring

Intervention compliance was monitored by a treatment log recor-
ded by the child’s parents or guardians. If a child’s treatment
compliance was < 12 sessions per week, study personnel contacted
the parent or legal guardian to facilitate improvements in compli-
ance. Participants who completed treatment of at least 12 sessions
per week were considered to have good compliance.

Outcomes

The primary outcome was myopia progression, which was the dif-
ference between the cycloplegic SER at baseline and the 6-month
visit. The secondary outcomes were changes in axial length (AL)
and uncorrected visual acuity (UCVA), which were the differences
between AL and UCVA, at baseline and the 6-month visit.

Refraction was performed 3 times using an autorefractor (KR-
8900; Topcon) after cycloplegia, which was achieved using 1 drop
of proparacaine 0.5% (Alcon), followed by 3 drops of tropicamide
1% (Santen) to each eye at 0, 5, and 20 minutes. Refraction
measurements were obtained 15 minutes after the third drop of
tropicamide 1% if full cycloplegia was achieved. Further drops of
tropicamide 1% would be administered if the pupil size was < 6
mm or the pupillary light reflex was still present. The SER was
calculated as spherical power plus half of the cylindrical power.

Axial length was measured using the partial coherence inter-
ferometry device IOLMaster (Carl Zeiss 500, Meditec). Five
readings with a desired precision (i.e., � 0.05 mm) were obtained
and averaged. Distance UCVA in logarithm of the minimum angle
of resolution (logMAR) was assessed by trained optometrists using
the Early Treatment Diabetic Retinopathy Study visual acuity chart
(Xingkang Medical Tech).

Adverse Events

Participants who underwent at least 1 session of treatment were
analyzed for safety. At each follow-up visit and any unplanned
visits if needed, participants and their parents were asked about any
side effects. They also were asked specifically about dazzling,
short-term glare, flash blindness, and afterimages after treatment
and whether participants had been ill or hospitalized since the last
visit. Any adverse events were documented, and a final determi-
nation of the adverse event related to treatment was conducted by
the data safety monitoring committee.

Sample Size

Sample size calculations assumed an a level of 0.025 (1-tailed), 80%
power, and a 1.20-D difference (2.0 D of standard deviation) in
myopia progression between the RLRL and sham device control
groups. The minimum sample size required was 45 participants per
group, or a total sample size of 90 participants. Adjusting for 20%
loss to follow-up and block randomization yielded at least 56 par-
ticipants in each group, or a total sample size of 112 participants.

Statistical Analyses

All data were analyzed based on intention-to-treat principles. Data
from children who participated in at least 1 follow-up visit were
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Figure 1. Study design and flow diagram of the randomized, double-masked, controlled clinical trial. RLRL ¼ repeated low-level red-light.
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included in the present analysis. Missing data on the primary
outcome (change of SER) were imputed based on the last obser-
vation carried forward. Mean ocular parameter values were
calculated from both eyes. The unpaired t test or ManneWhitney
U test were used to test group differences in continuous data,
and the chi-square test was used to test group differences in cate-
gorical data. A generalized estimating equation (GEE) with robust
standard errors for longitudinal data analysis was used to adjust the
correlation between eyes. To evaluate the potential for confound-
ing, analyses were adjusted for age, gender, ethnicities (Han and
others), and baseline values.

Sensitivity analyses based on the protocol strategy were per-
formed to verify the robustness of findings. The protocol strategy
analysis included only children who achieve good compliance with
the treatment originally allocated (at least 12 treatment sessions per
week according to the treatment log). We used STATA software,
version 14 (StataCorp LP), for statistical analyses. All statistical
tests were 2-sided and were performed at the 5% significance level
except where otherwise indicated.

Results

Between November 2019 and August 2020, a total of 114 children
were recruited and assessed for eligibility at 2 study sites. A total of
112 children (98.2%) were included in the study, with 56 children
200
with myopia randomly assigned to the RLRL group and 56 chil-
dren with myopia randomized to the sham device control group by
block random sampling. Figure 1 illustrates the number of
participants who completed enrollment, baseline examination,
intervention, and the 6-month follow-up visit. Of 112 eligible
children, 108 children (96.4%) completed the 6-month study,
consisting of 53 children (94.6%) in the RLRL group and 55
children (98.2%) in the sham device control group. One hundred
eleven of 112 eligible children (99.1%) were included in the
analysis (56 children in the RLRL group and 55 children in the
sham device control group). This cohort for analysis was deter-
mined after excluding 1 child in the sham device control group
who did not attend any of the follow-up visits.
Baseline Characteristics

The mean � standard deviation age and proportion (%) of children
of male sex were similar between the RLRL and sham device
control groups (10.3 � 2.07 years vs. 9.86 � 1.41 years; male sex,
46.4% [n ¼ 26] vs. 53.6% [n ¼ 30]). No significant difference was
found between groups in demographics, baseline SER, AL, and
UCVA (Table 1). The proportion of participants who achieved
good compliance, defined as at least 12 treatment sessions per
week, was 87.5% (n ¼ 49) and 94.5% (n ¼ 52) in the RLRL
and sham device control groups, respectively (P ¼ 0.195).



Table 1. Baseline Characteristics of Study Participants

Characteristics

All Patients Randomly Assigned

P ValueIntervention Group (n ¼ 56) Sham Device Control Group (n ¼ 55)

Age, yrs
Mean � SD 10.3 � 2.07 9.86 � 1.41 0.244
Median (IQR) 10.4 (8.96e11.4) 9.91 (8.65e11.0)

Sex, no. (%)
Male 26 (46.4) 30 (53.6) 0.450
Female 30 (53.6) 26 (46.4)

Ethnicity, no. (%)
Han 52 (92.9) 50 (89.3) 0.508
Others 4 (7.14) 6 (10.7)

SER, D
Mean � SD e3.13 � 1.91) e2.82 � 1.86 0.389
Median (IQR) e2.69 (e4.72 to e1.44) e2.63 (e3.50 to e1.50)

AL, mm
Mean � SD 24.7 � 1.04 24.6 � 0.96 0.480
Median (IQR) 24.6 (24.0e25.3) 24.7 (23.8e25.2)

UCVA, logMAR
Mean � SD 0.43 � 0.29 0.44 � 0.25 0.907
Median (IQR) 0.40 (0.20e0.68) 0.45 (0.20e0.65)

AL ¼ axial length; D ¼ diopter; IQR ¼ interquartile range; logMAR ¼ logarithm of the minimum angle of resolution; SD ¼ standard deviation;
SER ¼ spherical equivalent refraction; UCVA ¼ uncorrected visual acuity.
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Primary Outcome

At the end of 6 months, SER change was 0.06 � 0.30 D and e0.11
� 0.33 D in the RLRL and sham device control groups, respec-
tively, with significant differences between the groups (P ¼ 0.003;
Table 2). In the multivariate GEE model, children in the RLRL
group showed less SER progression than those in the sham
device control group (coefficient, 0.167 D; 95% confidence
interval [CI], 0.050e0.283D; P ¼ 0.005; Table 3). The
percentages of myopic children showing SER regression (change
in SER of > 0.25 D, and to account for measurement errors
in refraction data) in the RLRL group and the sham device
control group were 16.1% (n ¼ 9) and 9.09% (n ¼ 5),
respectively (P ¼ 0.268).

Secondary Outcomes

Mean AL change at 6 months was greater in the sham device
control group (0.13 � 0.10 mm) than in the RLRL group (0.02 �
0.11 mm; P < 0.001; Table 2). Changes in AL progressed more
slowly for children in the RLRL group than for those in the
sham device control group in the multivariate GEE model
(coefficient: e0.101 mm; 95% CI, e0.139 to e0.062 mm; P <
0.001; Table 3). Adjusted mean AL change was slightly slower
in older children (coefficient: e0.019 mm; 95% CI, e0.030 to
Table 2. Change in Cycloplegic Spherical Equivalent Ref

Outcome
Intervention Group

(n [ 56)
Sham Device C

(n [

Primary
Change of SER, D 0.06 � 0.30 e0.11

Secondary
Change of AL, mm 0.02 � 0.11 0.13

AL ¼ axial length; D ¼ diopter; SER ¼ spherical equivalent refraction.
Data are presented as mean � standard deviation, unless otherwise indicated. B
*One sided.
e0.008 mm; P ¼ 0.001; Table 3). A total of 23.2% (n ¼ 13)
and 5.45% (n ¼ 3) of myopic children in the RLRL and sham
device control groups, respectively, achieved AL shortening of
> 0.05 mm at the 6-month follow-up, exceeding AL measure-
ment error using the IOLMaster (P ¼ 0.008).

At the final visit, distance visual loss was significantly greater
for children with myopia in the sham device control group than for
those in the RLRL group (0.076 � 0.189 logMAR vs. e0.002 �
0.172 logMAR; P ¼ 0.013). Similar findings were observed in the
GEE model when comparing the RLRL and sham device control
groups (coefficient: e0.075 logMAR: 95% CI, e0.143 to e0.007
logMAR; P ¼ 0.030).
Adverse Events

A total of 18 adverse events were reported in 13 participants, but
none were deemed by the data safety monitoring committee to be
related to the light therapy. In the RLRL group, 1 case each of
influenza, an eyelid injury requiring surgical repair, and acute
mesenteric lymphadenitis occurred; 2 cases each of earwax
blockage and allergic rhinitis occurred; and 3 cases of dental caries
occurred. In the sham device control group, 2 cases each of
pharyngitis, respiratory tract infection, gastroenteritis, and skin
disease were observed.
raction and Axial Length from Baseline to 6 Months

ontrol Group
55)

Mean Difference
(95% Confidence Interval) P Value*

� 0.33 0.17 (0.05e0.29) 0.003

� 0.10 e0.11 (e0.15 to e0.07) < 0.001

old indicates statistically significant.
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Table 3. Generalized Estimating Equation Model Analysis of
Factors and Effects on Changes of Cycloplegic Spherical Equiva-

lent Refraction and Axial Length

Factors
Coefficient

(95% Confidence Interval) P Value

Primary outcome
Change of SER, D

Age, yrs 0.015 (e0.018 to 0.049) 0.377
Sex (female/male) e0.053 (e0.168 to 0.063) 0.372
Ethnicity (Han/other) e0.039 (e0.241 to 0.163) 0.703
Baseline SER, D e0.001 (e0.031 to 0.030) 0.959
Group (RLRL/sham) 0.167 (0.050e0.283) 0.005
Laterality (right/left) e0.021 (e0.072 to 0.030) 0.421

Secondary outcome
Change of AL, mm

Age, yrs e0.019 (e0.030 to e0.008) 0.001
Sex (female/male) 0.015 (e0.025 to 0.055) 0.469
Ethnicity (Han/other) e0.038 (e0.103 to 0.027) 0.257
Baseline AL, mm e0.009 (e0.030 to 0.011) 0.376
Group (RLRL/sham) e0.101 (e0.139 to e0.062) < 0.001
Lateral (right/left) 0.009 (e0.007 to 0.025) 0.255

AL ¼ axial length; D ¼ diopter; RLRL ¼ repeated low-level red light;
SER ¼ spherical equivalent refraction.
Bold indicates statistically significant.

Ophthalmology Volume 130, Number 2, February 2023
Sensitivity Analyses

Sensitivity analyses using a per-protocol analysis strategy were
performed to verify the robustness of the main findings. Similar
results were observed (Tables S1 and S2, available at
www.aaojournal.org).

Discussion

In this randomized, double-blind, controlled clinical trial,
RLRL treatment slowed myopia progression by 0.167 D and
reduced axial elongation by 0.101 mm over 6 months when
compared with sham device treatment. No reported
treatment-related adverse events occurred. Our results pro-
vide new evidence for RLRL treatment as an effective
intervention against myopia progression with no docu-
mented functional or structural damage.

Sham DeviceeControlled Study

The use of RLRL therapy for myopia control has surged in
popularity.9,10 In a clinical study of 81 Chinese children
(6e16 years of age) in Nanchang, China, the RLRL group
showed a mean AL progression rate of e0.06 � 0.15 mm
over 6 months, less than that of the orthokeratology group
at 0.06 � 0.15 mm and the SVS control group at 0.23 �
0.06 mm.9 In another 12-month, multicenter randomized
clinical trial of 264 Chinese children in Guangzhou, China,
RLRL treatment slowed axial elongation by 0.26 mm/year
and SER progression by 0.59 D/year compared with SVS in
children between 8 and 13 years of age, representing a
69.4% and 76.6% reduction in axial elongation and myopic
refraction progression, respectively, compared with SVS.10

Nevertheless, the open-label designs from previous studies
may overestimate the efficacy. To the best of our
202
knowledge, our study is the first sham deviceecontrolled
study to account for open-label design and to provide
more robust evidence of the myopia control effect of RLRL
therapy.

Interestingly, we found potential efficacy in reducing
myopic progression and axial elongation with the sham device
that used 10%of the original device’s power comparedwith the
historic SVS control group. In the present study, mean SER
change at 6 months was e0.11 � 0.33 D in the sham device
control group. This compared with mean SER changes at 6
months of e0.50 � 0.24 D and e0.38 � 0.05 D in the SVS
control groupswithin theNanchang9 andGuangzhou10 studies,
respectively. Similarly, efficacy in reducing axial elongation
within the sham device control group of our study (0.13 �
0.10 mm) seemed to be more than that of the SVS group in
the Nanchang (0.23 � 0.06 mm)9 and Guangzhou (0.23 �
0.02 mm)10 trials. Potential efficacy observed within this
study’s sham device control group may be the result of
placebo effects. However, placebo effects are likely to have a
minimal impact on outcomes monitored in this study,
especially the outcome of AL, because they are objective
measures recorded with high precision.13 Efficacy instead
may be attributable to the true myopia control effect of the
sham device with 10% of original power. Of note, direct
comparison between our study’s findings and those from
historic SVS control groups should be approached
cautiously, given the different inclusion criteria and
populations of the studies and the possible differences in
exposure to myopigenic factors such as near work and time
outdoors in the different sites.9 An ideal design could have
been a randomized trial including 100% power treatment,
10% power treatment, and no treatment.

Reversal of SER Myopia Progression and Axial
Shortening

In the current study, we demonstrated that RLRL treatment was
able to achieve SER regression of> 0.25 D and AL shortening
of> 0.05mm at the 6-month follow-up in 16.1% and 23.2% of
children with myopia, respectively. Reversal of SER progres-
sion and axial shortening also were observed in the Guangzhou
trial (15.8% and 32.9%, respectively).10 Furthermore, findings
from the Guangzhou trial suggested that the observed axial
shortening could not be explained fully by choroidal
thickening.10 The myopia control, and potentially even
reversal mechanisms, of the RLRL treatment are not
understood fully. Most forms of experimental myopia seem
to involve a pathway that involves choroidal thinning and
decreased blood flow, with subsequent hypoxia. Interventions
that slow axial elongation seem to promote reversal of these
changes. Thus, we believe it is likely that this may form part
of the pathway involved in RLRL therapy.

Although the results in this study, and in others, demonstrate
the efficacy of RLRL therapy in controlling the progression of
myopia, at present, the molecular and cellular mechanisms
involved in the relevant interactions of red light with ocular
tissues are not clear. Similarly, the changes in presumably
retinal and choroidal pathways that lead from these initial in-
teractions to alterations in the sclera are not clear. These issues
are being investigated actively by our research group.

http://www.aaojournal.org
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Strengths and Limitations

Strengths of this study include its randomized, double-
blinded, controlled design, the low dropout rate, and the
comprehensive evaluation of myopia progression (both SER
and AL). This study had several limitations to note. First, the
duration of the trial was 6 months, which was insufficient to
observe the full myopia control effects. Second, the rebound
or carry-on effect of the RLRL treatment is yet to be eluci-
dated. Third, this randomized clinical trial overlapped with
the COVID-19 lockdown, and thus, online screen-based
learning may have accelerated myopia, although this is
likely to affect both arms equally. Fourth, in the sham device
control group, we used 10% of RLRL energy, assuming this
very low level of energy would not have a treatment effect.
However, when completing the trial, we noted that a potential
treatment effect was present even among this arm of partic-
ipants when compared with the SVS control group in the
original 12-month study in Guangzhou, despite these 2
groups being not comparable directly because the 2 ran-
domized controlled trials had different study populations and
myopigenic environments. A randomized controlled trial
comprising 100% power and 10% sham and no treatment
would be ideal to address this problem. Finally, masking of
participants might have been compromised if the participants
had any contact with each other. However, the study partic-
ipants were recruited individually at hospital clinics, instead
of at schools; therefore, they were unlikely to know each
other and contact each other during the study.

Conclusions

In summary, this randomized controlled trial has provided
new evidence supporting the efficacy of RLRL therapy in
reducing myopia progression compared with the sham de-
vice with 10% of original power. The RLRL treatment was
well tolerated without apparent adverse effects. Further
studies with long-term follow-up are needed to confirm our
findings and to evaluate the potential dose-response rela-
tionship and the optimal power intensity of the RLRL
treatment for myopia control.
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Pictures & Perspectives
O
ptic Nerve Sheath Calcification
A 72-year-old man underwent computed tomography to evaluate upper airway congestion. Imaging revealed the incidental findings of

calcification in each optic nerve sheath (Fig A, B) and the falx cerebri (Fig B, arrow). The patient had undergone a parathyroidectomy 5
years prior for primary hyperparathyroidism. His serum calcium levels subsequently remained within normal limits. Examination showed
no evidence of optic nerve dysfunction, although there was asymmetric optic disc cupping (Fig C, D). Optic nerve sheath calcification may
lead to optic atrophy with reduced visual acuity or remain asymptomatic, as in our patient (Magnified version of Fig A-D is available online
at www.aaojournal.org).
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