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A meta-analysis of randomized controlled trials evaluating the effectiveness
and safety of the repeated low-level red light therapy in slowing the
progression of myopia in children and adolescents

Bo Deng, Mo Zhou, Xiangmei Kong, Linbi Luo, Hongbin Lv

Purpose: The aim of this study was to evaluate the effectiveness and safety of repeated low-level
red light (RLRL) therapy in controlling myopia progression in children through a meta-analysis.
Methods: We searched several databases including PubMed, Embase, The Cochrane Library, Web of Science,
CNKI, WANFANG, CBM, and VIP with languages restricted to both Chinese and English. The search was
conducted from the establishment of the databases to March 23, 2023. We collected randomized controlled
trials and controlled experiments to evaluate changes in axial length (AL) and spherical equivalent (SE)
before and after RLRL intervention. Two researchers performed literature screening and data extraction, and
RevMan software (Ver 5.3) and StataMP 17.0 were used for meta-analysis. Results: A total of 141 articles were
retrieved, and finally, six randomized controlled trials met the inclusion and exclusion criteria, including
820 eyes (RLRL group: 411 eyes, control group: 409 eyes). The meta-analysis results showed that the RLRL
group was significantly better than the control group in controlling AL, and the difference between the
two groups was statistically significant (mean difference [MD] = -0.22, 95% confidence interval [CI] [ - 0.28,
—0.16]; P <0.001). The RLRL group was also better than the control group in terms of SE, and the difference
between the two groups was statistically significant (MD = 0.46, 95% CI [0.32, 0.6]; P < 0.001). Five studies
reported adverse reactions in the RLRL group, and two cases stopped treatment due to the feeling of too
bright light, while the others had no significant side effects in the short term. Conclusion: RLRL therapy
is a safe and effective method for controlling myopia, which can inhibit the growth of AL and slow down
the progression of myopia. However, further research and validation are needed to determine its treatment
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Myopia, as a common visual problem, is increasingly prevalent
among children and adolescents worldwide and has become
a threat to human health. To control this problem, people
have been exploring and researching different methods.” In
recent years, repeated low-level red light (RLRL) has received
widespread attention as a new type of myopia control method.
This method uses low-level red light to irradiate the eye, which has
the advantages of noninvasiveness, nontraumatic, and high safety,
and is considered a very promising method for myopia control.

Many studies have shown that RLRL therapy can slow down
the progression of myopia in children, and thus, it has attracted
alot of attention.”' RLRL therapy promotes the correction of
regulatory imbalances by regulating the biological clock of the
eyeball, thereby slowing down the elongation of the eye axis
and increase in myopia degree. Although some randomized
controlled trials (RCTs) have reported the effectiveness of this
method, its safety and consistency of effects still need to be
further verified.
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Therefore, the purpose of this study is to comprehensively
evaluate the effectiveness and safety of RLRL therapy in
slowing the progression of myopia in children through a
meta-analysis and to provide more reliable evidence for its
clinical application. This study used a meta-analysis method
to comprehensively screen and analyze published literature.
Through analysis, we further confirmed the effectiveness and
safety of RLRL therapy as anew method of myopia control. The
results of this study can provide more reliable evidence for the
clinical application of RLRL therapy and serve as a reference
for further promotion and optimization of RLRL therapy.

Methods

Inclusion and exclusion criteria

To ensure the rigor and reliability of the study, a series of
inclusion and exclusion criteria were applied in this article.
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The inclusion criteria were as follows: (1) the study subjects
were children or adolescents aged 7-15 years old; (2) the
intervention measure was RLRL therapy; (3) the study included
effective indicators of myopia control, such as axial length and
equivalent spherical diopter; (4) the study was an RCT or a
controlled trial; (5) the study subjects had no history of ocular
or systemic diseases, ocular surgical trauma, amblyopia, or
strabismus; and (6) participants in the study were required to
expose their eyes to RLRL twice a day, each exposure lasting
3 min, with at least a 4-h interval between each exposure. The
exclusion criteria were as follows: (1) the study subjects were
organisms other than humans; (2) the intervention measure did
notinclude RLRL therapy; (3) there were no effective indicators
of myopia control; (4) the study was not an original research
article, such as a review, editorial, or commentary; (5) the
literature was not in Chinese or English; and (6) the literature
was a duplicate publication, or full text or complete data could
not be obtained. These inclusion and exclusion criteria were
applied to ensure the reliability and accuracy of the study and
also to make the results more convincing and practical.

Literature search

Literature search is an important part of this study, which
will be conducted in the following eight databases: PubMed,
Embase, The Cochrane Library, Web of Science, CNKI,
WANFANG, CBM, and VIP. We will limit the language
to Chinese and English and set the search limit from the
establishment of the database to March 23, 2023. The search
will be conducted by combining subject headings and free
words, and the search strategy will be developed according
to the population, intervention, comparison, outcomes, and
study design (PICOS) principle and adjusted according to
different databases. The Chinese search terms include myopia,
low-level repeated red light, red light, nursing light instrument,
randomized controlled trial, and random. The English
search terms include myopia, Myopias, Nearsightedness,
Nearsightednesses, red light, red-light, Low intensity repeats
red light, Repeated Low-Level Red-Light, randomized
controlled trial, randomized, and placebo.

Literature screening and data extraction

To ensure the reliability and accuracy of the research results, we
adopted strict methods in the process of literature screening and
data extraction. Firstly, two researchers conducted preliminary
screening and carefully checked and evaluated each article to
ensure whether it met our inclusion criteria. In the preliminary
screening stage, we used titles and abstracts to screen out
articles that were irrelevant to our research purposes. Then,
we conducted full-text screening, carefully read each article,
and screened them according to the inclusion and exclusion
criteria. In case of disagreements during the screening process,
we resolved them through discussion and consensus to ensure
the consistency and reliability of the research results. After
literature screening, we included a total of six RCT studies.

In the data extraction stage, we used standardized data
extraction forms to extract a series of information from each
article, including country, study design, sample size, age,
follow-up time, outcome measures, and so on. We carefully
read each article, extracted the data that met the research
purposes, and then integrated and analyzed them. If incomplete
information was encountered during the data extraction
process, we actively contacted the authors to supplement it, to

ensure the completeness and accuracy of the data. We strictly
followed the research process and methods in the process of
literature screening and data extraction to ensure the reliability
and accuracy of the research results.

Literature quality assessment

For RCTs, the Cochrane Risk of Bias tool was used to assess the
quality of the included studies. This evaluation tool includes
six aspects of assessment: random sequence generation,
allocation concealment, blinding, completeness, and selectivity
of reporting, and other biases. Each aspect is rated as “high
risk,” “uncertain,” or “low risk.” Based on the evaluation
results, the bias risk of the included studies will be analyzed
and summarized to assess the credibility and reliability of the
study quality.

Statistical analysis

To conduct the meta-analysis, we used RevMan
software (ver. 5.3) and StataMP 17.0 for data processing and
statistical analysis of treatment effects. For continuous data, we
used mean difference (MD) or standardized MD (SMD) with
their 95% confidence intervals (CI) as the statistical measure.
We chose the mean change values of axial length (AL) and
spherical equivalent (SE) at the end of the follow-up period as
the effectiveness indicators. For statistical heterogeneity testing,
we used the Chi-square test, and if there was no statistical
heterogeneity or the heterogeneity was small (P >0.1, ?<50%)
among the results of each study, we would use a fixed-effects
model for the meta-analysis. Conversely, if the heterogeneity
among the results of the studies increased (P < 0.1, I* > 50%),
we would first consider the source of the heterogeneity and
conduct subgroup analysis based on professional knowledge
of possible factors that may cause heterogeneity. If there was
no professional heterogeneity or the professional heterogeneity
was small, we would chose a random-effects model for the
meta-analysis.

Results

Literature search results

After the initial screening, a total of 141 relevant articles were
obtained. After a hierarchical screening process, six studies
were finally included in the meta-analysis. The literature
screening process and results are shown in Fig. 1.

Basic characteristics of included studies

A total of 820 eyes were included in the studies (411 eyes in the
RLRL group and 409 eyes in the control group). AL and SE were
the outcome measures for all studies. The basic characteristics
of the study subjects are shown in Table 1.

Evaluation of methodological quality of included studies

Two studies had a low risk of bias and their quality was high
among the included literature in the methodological quality
assessment [Fig. 2]. Four studies scored 7 points and met the
standard for “+” as shown in Fig. 2, while those that did not
meet the standard were marked as “-.” Fig. 3 is a pie chart of
the proportion of each item in the methodological assessment.

Meta-analysis Results

Axial length

In this study, all six included articles used changes in AL as
the outcome measure. After conducting the heterogeneity test,
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we found that the I statistic was 89% and the p-value for the Q
test was less than 0.1, which indicates significant heterogeneity
among the selected studies. Therefore, we used a random-effects
model for analysis in this study. The meta-analysis results
showed that compared to the control group, the RLRL group
had a significant advantage in controlling AL, with statistically
significant differences (MD = -0.22, 95% Cl [-0.28, -0.16],
P <0.001). Please see Fig. 4 for specific data.

Equivalent spherical diopter

In this study, six articles were included that used changes in
equivalent spherical diopter (SE) as the outcome indicator.
Due to significant heterogeneity among these studies, we used
a random-effects model for meta-analysis. The meta-analysis

A total of 141 relevant articles were
obtained through database search,
including 17 from PubMed, 13 from
EMbase, 38 from The Cochrane Library,
14 from Web of Science, 9 from CNKI,
22 from WANFANG, 12 from CBM, and
16 from VIP.

No relevant literature was
obtained through other
resources. (h=0)

After removing duplicate articles, the
number of articles obtained was 69.

Excluding reviews, systematic
reviews, comments, animal
experiments and other types
of literature, the number of
remaining studies is (N=16)

The number of articles obtained after
initial screening is n=53.

Excluding studies with
inconsistent
intervention/control measures
or research topics (n=40) based
on reading abstracts.

The number of articles that met the
inclusion criteria after abstract
screening (n=13).

Excluding non-RCT studies,

studies with poorly designed

1ts, or studies with
inconsistent experimental

methods (n=1)

The number of articles included after
full-text screening (n=12)

Excluding studies with

inconsistent outcome measures
and duplicate research, the
number of included studies was

reduced by 6.

The number of studies included in the
meta-analysis is 6.

Figure 1: Flowchart of literature screening and results

results showed that the RLRL group treated with RLRL had
a better performance in terms of SE compared to the control
group. There was a statistically significant difference between
the two groups (MD = 0.46, 95% Cl1 [0.32, 0.6], P < 0.001). For
specific data, please refer to Fig. 5.

Adverse reactions

Of the six studies included in our analysis, five reported adverse
reactions in the RLRL group [see Table 2 for details]. None of
these studies reported any serious adverse reactions. Only two
participants discontinued treatment due to the brightness of
the light, while the other participants did not experience any
significant side effects in the short term.

Publication bias analysis

To investigate whether publication bias exists in the literature
selected for this study, we conducted bias tests separately for
AL and equivalent spherical refractive error and generated
funnel plots [see Fig. 3]. The funnel plots were basically
symmetrical, and all P values of the bias tests were greater than
0.05. Therefore, we conclude that there was no publication bias
detected in the literature included in this study.

Sensitivity analysis

We conducted sensitivity analysis on the AL and SE changes
in the six studies included in this meta-analysis. None of
the studies had a significant impact on the results, as shown
in Figs. 6 and 7. The results of this study were stable and
consistent.

Discussion

Myopia is a widely prevalent eye disease, and it is expected
to continue to increase globally until 2050, with half of the
world’s population expected to suffer from myopia by then.!"!
Myopia not only has negative effects on vision, but can also
lead to serious eye problems, such as elongation of the eyeball,
retinal detachment, macular holes, vitreous hemorrhage,
grape-like swelling, macular degeneration, and, in severe
cases, blindness." Therefore, prevention and treatment of
myopia have become very important, especially for most
children and adolescents who develop myopia at a young age.
Currently, the most commonly used intervention methods to
control myopia in China include outdoor intervention, !>

Table 1: Basic characteristics of included studies in this study

Included Country Study Sample Year (E/C) RLRL brand/ Control group Follow-up Outcome

studies design size (E/C) wavelength (nm) time (m) measures

Yu Jiang, 2019  China RCT 117/129 8-13/8.1-13 Eyerising/650 Single-vision 12 AL, SE
spectacle

Lei Tian, 2021 China RCT 91/88 9.49+1.59/9.66+1.65 Myopia and amblyopia  Single-vision 6 AL, SE

treatment apparatus/650 spectacle

Yanxian China RCT 29/28  9.78+1.58/10.31+1.90 Eyerising/650 0.01% Atropine 12 AL, SE

Chen, 2020 eye drops

Jing Dong, 2019 China RCT 56/55 10.3+2.07/9.86+1.41 Eyerising/650 The sham 6 AL, SE
device

Yi Yan, 2019 China RCT 70/70 8-12/8-12 Eyerising/650 Single-vision 12 AL, SE
spectacle

Shiyu Jia, 2022  China RCT 30/30 7-15/7-15 -/650 Single-vision 6 AL, SE
spectacle

AL=axial length, RCT=randomized controlled trial, SE=spherical equivalent, E/C=experimental group / control group, m=months
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Figure 2: Schematic diagram of methodological quality assessment of included studies. (Category: “+” meets the criteria, “-” does not meet the criteria)
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Figure 3: Proportional graph of methodological quality evaluation items for included studies

corneal reshaping lenses,!"™l low-concentration atropine eye
drops,?#! defocusing eyeglasses, defocusing soft contact
lenses,*?! etc., However, each intervention method also has
its limitations, and it may be difficult to ensure sufficient
outdoor activity time for children and adolescents who
spend a lot of time indoors and lack outdoor activity habits,
which may require additional intervention measures. Corneal
reshaping lenses can control myopia by changing the shape
of the cornea, but they require nightly wear and sufficient
sleep time and may also cause dry eyes, eye fatigue, corneal
thinning, and other issues. In addition, their control effect may
decrease over time."”! Although low-concentration atropine
eye drops have been shown to slow the progression of myopia,
its control effect is relatively weak and may have side effects
such as blurred vision, eye pain, and photophobia.?” The latest
research on low-concentration atropine eye drops by Yam
et al.®! also indicated that in children aged 4-9 years, there
was no difference between using 0.01% atropine eye drops
and a placebo. Although these methods have been proven to
control myopia, they still have some limitations and require
further research to address these issues.

Research has found that light exposure can promote
dopamine secretion, thereby inhibiting the growth of the eyeball
axis.”! Red light with a wavelength of 650 nm can stimulate
the retina to produce and release more dopamine, inhibit
the growth of the eyeball axis, and delay the development of
myopia.””! This study is a meta-analysis, including six papers
with a total of 820 eyes (RLRL group 411 eyes, control group 409
eyes). The aim is to evaluate the efficacy and safety of RLRL
therapy in slowing the progression of myopia. The results
showed that in terms of controlling the eyeball axis, the RLRL
treatment group performed significantly better, with the eyeball
axis being 0.22 mm shorter than the control group (P <0.001);
in terms of equivalent spherical refractive error also, the RLRL
group performed better than the control group, with a myopic
degree that was 0.46° less than the control group (P < 0.001).
This further confirms the effectiveness of low-level red light
in delaying the progression of myopia.

Analysis of the six studies included showed that all studies
reported that the eyes of the participants who received myopia
control treatment showed a phenomenon of eye axis shortening.
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Figure 4: Meta-analysis results of changes in axial length between the RLRL group and the control group. RLRL = repeated low-level red light

RLRL Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% Ci IV, Random, 95% CI
Jing Dong 2019 0.06 03 56 -011 033 55 16.6% 0.17[0.05,0.29] =,
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Test for overall effect: Z= 6.57 (P < 0.00001) Favoufs [RLRL] Favours [.controll

Figure 5: Meta-analysis results of changes in equivalent spherical refraction between the RLRL group and the control group. RLRL = repeated

low-level red light

Table 2: Adverse effects of repeated low-level red light
therapy group study

Study Adverse effects

Yu Jiang, Six participants stopped the RLRL treatment, two of
2019 whom stopped due to “feeling the light was too bright”

Lei Tian, No significant side effects were observed in the short
2021 term
Yanxian No serious adverse events were reported during the

Chen, 2020 12-month follow-up period

Jing Dong, Thirteen participants reported a total of 18 adverse

2019 events, but the data safety monitoring committee
concluded that none of them were related to the light
therapy. In the RLRL group, there was one case each
of influenza, eyelid injury requiring surgical repair,
and acute mesenteric lymphadenitis; two cases each
of earwax blockage and allergic rhinitis; and three
cases of dental caries

Yi Yan, No eye complications such as photophobia, tearing,

2019 corneal epithelial damage, cataracts, or macular
damage were observed after intervention in the RLRL
group

RLRL=repeated low-level red light

Among them, Liu et al.’s®! study reported eye axis shortening
and choroidal thickening in myopic adults after 1 month of
treatment. Another study reported that RLRL had better myopia
control effect than 0.01% low-concentration atropine eye drops.
This suggests that low-level red light can effectively suppress
eye axis growth and slow down the progression of myopia.
In addition, RLRL therapy has the advantages of high safety,
noninvasiveness, portability, and ease of operation. Of the six

studies, five reported adverse reactions, but none of the subjects
had severe adverse reactions during the treatment process. There
was no significant difference in the eye health status between
the treatment group and the control group, indicating that RLRL
therapy is a safe and effective method for treating myopia.

However, in one of the studies, researchers observed a
rebound effect of myopia in children who stopped receiving
RLRL treatment.?! Therefore, although RLRL therapy has
shown significant advantages in controlling myopia, its
therapeutic effect and duration still need further research
and validation. In terms of myopia prevention and control,
in addition to the red light that has already been used in
human myopia control, research on blue light has also drawn
people’s attention. Many studies have revealed the potential
of blue light in inhibiting the axial elongation of the eye. The
research results from the Brien Holden Eye Research Center
and the Brien Holden Optometric Science Research Institute
have provided compelling evidence, demonstrating that
short-term exposure to blue light can inhibit axial elongation
of the human eye,®! further supporting earlier findings that
blue light may have an inhibitory effect on animal eye growth.
However, what we need to note is that different light conditions
and frequencies may have different effects on eye growth. The
application of blue light scleral cross-linking has also attracted
some researchers’ attention. This method, combining the use
of riboflavin and light irradiation, can inhibit the elongation
of high myopia eyeballs, prevent excessive stretching of
myopic eyeballs, and thus prevent the occurrence of various
pathological results.” Although this method has shown the
potential to inhibit myopia, its safety and long-term effects
have not been verified in humans. In addition, a discovery has
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Figure 6: Funnel plots for changes in axial length (a) and changes in equivalent spherical power (b)

Figure 7: (a) Sensitivity plot of axial length changes. (b) Sensitivity plot of equivalent spherical changes

shown that blue light may affect the development of myopia
by influencing the levels of dopamine within the eye.*!! This
discovery is of great significance in understanding the role of
light in the development of myopia. Dopamine is an important
factor affecting the retinal processes and circadian rhythm
regulation. Blue light stimulation may increase the level of
dopamine within the eye, which could have a positive effect
on the prevention and control of myopia. In summary, both
red and blue light have shown potential in myopia control.
However, while RLRL has already been used in human myopia
control, the application of blue light is still mainly in the animal
experimental stage. We will now compare the advantages and
disadvantages of RLRL with research on blue light, as shown
in Table 3.

There are some limitations to this study that need to be
noted. Firstly, we only included literature published in Chinese
and English, which may result in publication bias. Secondly,
our study population consisted only of Chinese children
and adolescents, as there are fewer studies on RLRL in other
regions, which may limit the generalizability of this therapy.
Thirdly, we only analyzed AL and SE as outcome variables
because other outcome variables were reported less frequently,
which may not fully evaluate the effectiveness of this therapy.
Fourthly, only a few articles were included, and some studies

had small sample sizes, so we need to continue to pay attention
to this type of research and include more studies and sample
sizes to further clarify the effectiveness and safety of RLRL.
Finally, the longest follow-up study included in this review was
only 1 year, and longer-term follow-up is needed to accurately
study the long-term consequences of RLRL.

Conclusion

The RLRL therapy is a widely studied method for controlling
myopia, which has demonstrated potential safety and efficacy.
By slowing down the progression of myopia, the therapy can
reduce the degree of myopia, which is a key goal of myopia
control. However, despite extensive research supporting its
effectiveness, further studies and validation are needed to
ensure its long-term safety and efficacy. In addition, the RLRL
therapy is not suitable for everyone, and individual differences
and other factors should be taken into account when choosing
a treatment method. Therefore, more research is needed to
determine the indications and optimal use of this therapy to
make it a more reliable method for myopia control.

We would like to express our gratitude to all the researchers
and authors whose studies were included in this meta-analysis.
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Table 3: Advantages and disadvantages of RLRL and blue light

Advantages Disadvantages
RLRL 1. Controls the progression of myopia 1. Long-term efficacy and safety are unknown, further
2. High safety and effectiveness research is still needed to identify the best treatment
3. Naked eye visual acuity can be somewhat improved strategies and mechanisms
4. Efficacy is positively correlated with compliance 2. Optimal treatment frequency and dosage remain to be
5. Daily RLRL treatment is beneficial for myopia control determined
6. Noninvasive and convenient (twice daily, 6 min each time) 3. May require a certain investment cost
7. Has already been implemented for human use 4. Can only delay the progression of myopia, cannot treat
myopia

Blue light®2s-

1.
. Potential applications in photodynamic therapy
. Can improve the biomechanical properties of dog monkey

Increases alertness and attention

sclera, increasing scleral rigidity

. Bird studies suggest that blue light plays a key role in

preventing the development of myopia

. Stimulates an increase in rabbit intraocular dopamine

levels, affecting the dopamine levels in various
fluids (such as tears, aqueous humor, and vitreous)

. Can provide protective effects against lens-induced

myopia in guinea pigs, inhibiting the elongation of the
central axis of the eye

. Provides a “stop” signal to inhibit excessive eye growth
. Tree shrews can adjust the refractive state of the eye

through blue light irradiation

. Rhesus monkey blue light cross-linking treatment

combines riboflavin and light, which can stabilize the

. Long-term exposure may be harmful to the eyes,

potentially increasing the risk of cataracts and macular
degeneration

. Can cause retinal oxidative stress injury, potentially

leading to retinal cell death and changes in retinal
ultrastructure

. Under high-frequency conditions, very high time contrast

will inhibit eye growth, whereas eye growth at low
frequencies depends on the light source

. The long-term potential risks of blue light to the eyes are

not clear

. May lead to an increased rate of eye growth, negatively

affecting eye imaging

. May cause interference with the circadian rhythm of the

eye

. High intensity can lead to degenerative changes in eye

tissues

corneal tissue and prevent corneal keratoconus

8. Blue light research is limited to animal experiments and
has not involved human trials

RLRL=repeated low-level red light
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