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Myopia is a major global public health concern, with China
having one of the highest prevalence rates among children
and adolescents.! Among various strategies to prevent my-
opia progression and slow its development, repeated low-
level red light (RLRL) therapy has emerged as a popular yet
controversial option. Unlike photobiomodulation, which uti-
lizes low-energy light (including red and near-infrared light)
to modulate cellular functions, RLRL therapy employs a spe-
cific wavelength of red light (typically 650 nm) to delay axial
elongation and refractive error progression by enhancing
cellular metabolism and energy supply. However, the rapid
adoption of RLRL has raised challenges, including regula-
tory and safety concerns. Although some studies report its
efficacy and safety over a 12-month period, the ophthalmolo-
gy community remains divided on its long-term implications.

Out of paramount safety considerations, China’s National
Medical Products Administration implemented a significant
regulatory upgrade in 2023 by reclassifying RLRL therapy
devices as Class Il medical devices—the highest risk
category under China’s medical device classification sys-
tem—thereby imposing more stringent premarket approval
requirements, including mandatory clinical evaluation, en-
hanced quality system regulations, and rigorous post-market
surveillance to ensure comprehensive safety monitoring of
these optical intervention devices used in pediatric myopia
management.?

In April 2025, a research team reported a retrospective
multicenter cohort study that analyzed 99 myopic children
aged five to sixteen years,® comparing RLRL-treated sub-
jects with controls. They found reduced foveal cone density
in the RLRL group along with a higher incidence of abnormal
retinal signals and drusen-like lesions. Notably, one case of
RLRL-associated retinal changes showed improvement af-
ter treatment discontinuation. These findings suggest poten-
tial safety concerns regarding RLRL therapy for childhood
myopia, highlighting the need for further investigation into
its long-term safety and efficacy before widespread clinical
application can be recommended.

However, in the same issue of the journal, an accompany-
ing commentary pointed out several methodological limita-
tions that significantly constrain the reliability of the study’s
conclusions.* First, the retrospective study design lacked
randomization and, crucially, baseline adaptive optics scan-

ning laser ophthalmoscopy (AOSLO) images prior to red light
exposure, making it impossible to determine true changes in
cone density following treatment. Second, the assessment
of red light dosage and treatment adherence relied entirely
on parental recall, introducing substantial potential for re-
porting bias. Moreover, the study failed to measure critical
device parameters such as output power and spot size, fur-
ther compromising the validity of the findings. From a statisti-
cal perspective, the analysis neither adequately accounted
for the high interocular correlation between eyes nor clearly
addressed whether multiple regions of interest within each
imaged eye were properly considered in the statistical mod-
el. These substantial methodological shortcomings suggest
the need for cautious interpretation of the reported results.

The reports have sparked intense debate in the ophthal-
mology community regarding the safety of RLRL treatment for
childhood myopia. In June 2025, an article published in the
Chinese Journal of Experimental Ophthalmology proposed a
three-pronged approach to improve RLRL safety evaluation®:
(1) research design — conducting multicenter prospective
cohort studies with diverse populations varying in myopia se-
verity, ethnicity, and age, while standardizing device param-
eters and real-time adherence monitoring through combined
AOSLO, optical coherence tomography, and multifocal elec-
troretinography to longitudinally track retinal structural and
functional changes; (2) safety management — establishing
a global registry platform mandating adverse event report-
ing by manufacturers and developing risk threshold models
for dynamic safety monitoring; and (3) mechanism explora-
tion — employing multi-omics technologies to elucidate red
light's effects on cone cell metabolism, phototransduction
pathways, and oxidative stress networks, while identifying
early-warning biomarkers for potential damage.

This ongoing discussion emphasizes that therapeutic
safety must remain the paramount consideration. Before
any myopia control treatment is applied to children, compre-
hensive testing in animal models should be mandatory to
prioritize safety evaluation and prevent potential long-term
risks to the developing visual system, while simultaneously
optimizing treatment protocols. Appropriate animal studies
should first be conducted to assess the long-term safety and
efficacy of RLRL treatment through analogous biological and
physiological processes. This precaution is particularly cru-
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cial for complex conditions like myopia, which involve mul-
tiple facets of ocular development. The principle of “safety
first” must guide all therapeutic innovations targeting pedi-
atric populations, especially when intervening in the delicate
process of eye growth during childhood. Rigorous preclini-
cal evaluation should establish not only treatment efficacy
but, more importantly, rule out any potential adverse effects
on retinal structure and function before human clinical trials
commence. Only through such meticulous safety validation
can we ensure that the benefits of RLRL therapy truly out-
weigh its risks for young, developing eyes.

The crux of the current debate centers on the neces-
sity for RLRL safety assessment to be established upon
standardized, longitudinal, and multidimensional evidence-
based medicine. We strongly advocate implementing mul-
ticenter prospective cohort studies incorporating diverse
populations stratified by refractive error severity, ethnicity,
and age demographics, utilizing standardized irradiation
parameters with real-time compliance monitoring, while
employing multimodal imaging including AOSLO, optical
coherence tomography, and functional assessments (such
as multifocal electroretinography) to longitudinally evaluate
structural and functional retinal changes. The establishment
of a global RLRL registry mandating adverse event report-
ing by manufacturers, coupled with the development of risk
stratification models, would facilitate proactive safety sur-
veillance. Concurrently, mechanistic investigations should
employ multi-omics approaches to delineate the regula-
tory networks of red light irradiation on cone photorecep-
tor metabolism, phototransduction cascades, and oxidative
stress pathways, with the objective of identifying sensitive
biomarkers for early detection of potential phototoxicity. This
comprehensive framework would provide the requisite sci-
entific rigor for establishing evidence-based safety guide-
lines in pediatric myopia intervention.

In summary, the study employed a multicenter cohort
design and AOSLO imaging technology to focus on RLRL
therapy and demonstrate potential reductions in cone pho-
toreceptor density and retinal abnormalities in myopic chil-
dren following treatment.® This provides critical evidence
for evaluating the safety profile of this intervention.® These
findings underscore the imperative to refine methodologi-
cal approaches by addressing current limitations through
more rigorous clinical trials with extended follow-up periods,
standardized protocols, and comprehensive outcome meas-
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ures to definitively establish the long-term safety and effi-
cacy of RLRL therapy, ultimately facilitating evidence-based
decision-making for its application in childhood myopia con-
trol and offering stronger clinical support for pediatric myopia
management strategies. Based on current evidence, we be-
lieve the long-term safety of RLRL in children has not been
sufficiently established.
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