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Protocol Summary
	Summary

	Purpose and Principle
	To evaluate the long-term efficacy and safety of Repeated low-level red-light (RLRL) therapy for prevention and retardation of myopia in children.

	Study Design
	Randomized controlled trial

	Study Population
	Children aged between 6 to 14 years, with the spherical equivalent refraction (SER) ranged of -6.00D to +0.50D.

	Inclusion Criteria
	1) Initial Spherical equivalent refraction (SER) ranged of -6.00D to +0.50D, and astigmatism ≤ 1.50 D, anisometropia ≤ 1.00 D. 

2) Recruited children age is between 6 to 14 years, willing to participate in the entire 1-year trial. 

3) Binocular function and stereopsis are normal. 

4) Intraocular pressure is normal (IOP<21 mmHg). 

5) Ability against cycloplegia is a must. 

	Exclusion criteria
	1) Children with ocular diseases, such as amblyopia, strabismus, congenital cataract, glaucoma, corneal scar, optic neuropathy, traumatic ocular injury, uveitis, or ocular tumor will be excluded. 

2) Children with history of any ocular surgeries will be excluded. 

3) Any systemic diseases or conditions that could affect visual function and development, including diabetes mellitus and/or chromosome anomaly, will be excluded. 

4) Previous or current use of contact lenses, bifocals, progressive addition lenses, or other forms of treatment, including atropine, for the control of myopia will be excluded.

	The study’s recruiting time
	From 1 February 2021 to 31 March 2021.

	The study’s execute time
	From 1 February 2021 to 31 March 2022.

	Intervention strategy
	Repeated low-level red-light (RLRL) therapy will be provided by a desktop semiconductor low-level single-wavelength red-light interferometer (Suzhou Xuanjia Optoelectronic Technology Co., LTD., China).

	Groups
	Intervention

Group
	Children in the intervention group receive RLRL therapy 5 days per week and twice per day with each session lasting 3 minutes and an interval of at least 4 hours between.

	
	Control

Group
	Myopic children wore SVSs and preclinical myopic children received no intervention.

	Statistical hypothesis
	Repeated low-level red-light therapy can reduce myopia incidence in preclinic myopic children and decrease progression rate of myopia in myopic children.

	Key words
	Repeated low-level red-light, myopia


1. Introduction

1.1. Study background

Myopia is a refractive state in which parallel rays of light pass through the refractive system of the eye without the use of accommodation and then focus in front of the retina. Myopia, as a highly prevalent eye disease worldwide, has a global prevalence rate of more than 25 %, which is rising every year and is expected to rise to 49.7 % by 20501. Children and adolescents are in the developmental period, and myopia is prone to develop into high myopia and pathological myopia as they age, and is accompanied by ocular hyperextension, which mechanically pulls on the retina, optic nerve, sclera, and other tissues, thus increasing the risk of blinding eye diseases such as retinal detachment, macular chorioretinopathy, cataracts, and glaucoma2, which can affect the quality of the population, and even threaten the safety of national security.

Childhood and adolescence are not only the high incidence of myopia, but also a critical period for myopia prevention and intervention, and effectively doing a good job of myopia prevention and control among children and adolescents is the top priority in the field of health in China at present. As myopia is irreversible once it occurs, and the younger the age of occurrence, the greater the possibility of developing high myopia in adulthood. Since current science still lacks effective treatment and prognostic methods, it is particularly important to prevent the development of myopia in school-age children in order to control the future prevalence of high myopia and pathological myopia. 
In recent years, there have been more and more myopia prevention and treatment methods, supported by high-quality clinical evidence, but these methods are still mainly focused on pharmacological treatment and optical correction, and there are still limitations in their application in clinical practice. Atropine eye drops have an obvious concentration-dependent effect on myopia control in children; the higher concentration of the drug, the better effect of myopia control3,4, but the more pronounced the side effects, and the greater regression after discontinuation of the drug, which limits its application. Keratoplasty can control the increase of myopia by slowing down the growth of the eye axis, thus slowing down the progression of myopia5, but due to its high-cost care requirements, it is difficult to promote its use on a large scale, especially in villages that are not easily accessible. Outdoor activities, as an independent protective factor, can effectively prevent myopia6,7. 

Meanwhile, at this stage, the prevention and control of myopia mainly focuses on children with progressive myopia, while preclinical myopia, in which myopic stores have been consumed in advance but have not yet shown clinical symptoms, has always been an important refractive developmental stage neglected by ophthalmologists and parents. Early detection of myopia at this stage and early intervention upstream of myopia can effectively reduce the incidence of myopia in children, shift the peak age of onset of myopia backward, reduce the prevalence of high myopia in adulthood, and reduce irreversible blinding eye diseases caused by high myopia. Therefore, in response to the above objective dilemmas of optical correction and pharmacological treatment of myopia in children, and in view of the gradual development and deepening of the understanding of repeated low-level red-light (RLRL) therapy in ophthalmology, the present study is proposed to use RLRL to treat children with preclinical myopia and myopia progression, and to explore the preventive and control effects of RLRL on preclinical myopia and progressive myopia.

1.2. Study purpose

Exploring the effectiveness and safety of repeated low-level red-light for the prevention and control of preclinical myopia and progressive myopia.

2. Methods

2.1. Subject recruitment

Myopic children (aged 6-14 years) from the clinics of the First Affiliated Hospital of Kunming Medical University, the Second People's Hospital of Yunnan Province and the First Affiliated Hospital of Nanjing Medical University. The study’s recruiting time is from 1 February 2021 to 31 March 2021 and the execute time is from 1 February 2021 to 31 March 2022. 

2.2. Inclusion criteria

1) Initial Spherical equivalent refraction (SER) ranged of -6.00D to +0.50D, and astigmatism <= 1.0D. 

2) Recruited children age is between 6 to 14 years, willing to participate in the entire 2-year trial. 

3) Binocular function and stereopsis are normal. 

4) Intraocular pressure is normal (IOP<21 mmHg). 

5) Ability against cycloplegia is a must. 

2.3. Exclusion criteria

1) Children with ocular diseases, such as amblyopia, strabismus, congenital cataract, glaucoma, corneal scar, optic neuropathy, traumatic ocular injury, uveitis, or ocular tumor will be excluded. 

2) Children with history of any ocular surgeries will be excluded. 

3) Any systemic diseases or conditions that could affect visual function and development, including diabetes mellitus and/or chromosome anomaly, will be excluded. 

4) Previous or current use of contact lenses, bifocals, progressive addition lenses, or other forms of treatment, including atropine, for the control of myopia will be excluded.

2.4. Sample size

Sample size estimation was based on an α level of 0.05, using a two-sided test, 80% power, an annual axial elongation of 0.30 mm (standard deviation, 0.40 mm) after 12 months, and a 50% treatment effect (reduction in axial elongation of 0.15 mm)8,9. The required sample size was 112 participants per group, for a total sample size of 448 participants. Adjusting for a 20% loss to follow-up, the total sample size was 568 participants, with 142 participants each group.  

2.5 Implementation and intervention measures

Trail Flowchart:
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Implementation:

Myopia retardation group: myopic children (cycloplegic SER: -0.50 to -6.00) aged 8-14 years will be selected and randomly divided into the RLRL group B, the low concentration atropine group, and the control group B, with 100 children in each group. RLRL group B: In addition to monofocal spectacles, all children received RLRL therapy twice a day for 3 minutes each time, with an interval of at least 4 hours between the two sessions. Low concentration atropine group: In addition to monofocal glasses, all children received 0.02% atropine drops in both eyes once a day at bedtime. Control group B: All children wore single-vision spectacles (SVSs). 

Myopia prevention group: preclinical myopic children (cycloplegic SER: ≤ + 0.75 D and > -0.50 D) aged 6-10 years will be selected. A total of 200 children will be randomly divided into RLRL group A and control group A, with 100 children in each group. All children in RLRL group A will be exposed to RLRL twice a day for 3 minutes each time, with an interval of at least 4 hours between the two sessions, 5 days per week. All children in control group A received no special intervention at the beginning of the trial. When the SER of RLRL group A and control group A is ≤-1.00 D or the naked eye visual acuity is less than 0.6, single-vision spectacles will be added.

Low- Level Red-light intervention measures:

The intervention in this trail is repeated low-level single-wavelength red-light (wavelength=650nm), which is based on the intervention instrument (Suzhou Xuanjia Optoelectronic Technology Co., LTD., China), which is a desktop semiconductor low-level single-wavelength red-light to treat amblyopia interferometer. It consists of semiconductor laser diodes, which deliver low-level red light with a wavelength of 650 ± 10 nm at an illuminance level of approximately 1600 lux through the pupil to the fundus. Light output power: 2.0 ± 0.5 mW, output power at a distance of 100 mm: 1.07- 1.42mW. The average red light power was 1.63 mW and 1.92 µW before and after attenuation, measured by the Laser power meter (UT385, UNI-Trend Technology, Dongguan, China). Laser spot diameter: 7 mm ± 3 mm, laser spot diameter at the observation port: 10 mm ± 2 mm. Certified by the National Photoelectric Products Radiation Safety Quality Supervision and Inspection Center, its radiation category belongs to Class I. According to the national safety standard for laser products (GB7247.1-2012), radiation category 1 can be used safely in the eye. The product has obtained the Class II medical device registration certificate, and the manufacturer has medical device production license. 

Supervision of intervention compliance:

Each time the device is switched on and logged into the system, the researcher is then in the background able to observe the actual use of the device. Monitoring the use of the device based on the backend database alerted the school manager for children who used it less than 8 times per week and occasional checks will be made on the school's interventions.

3. Interventions allocation

3.1. Randomization

The process of randomization will be conducted in a randomized manner. In order to eliminate any potential for bias, a centralized random grouping system will be employed in this study, using a computer-controlled randomization method. The randomization process was stratified by rank and assigned to individuals in a 1:1 ratio.

3.2. Blinding

 In order to mitigate the potential for stigma associated with selection or non-selection, children, parents and teachers were provided with comprehensive education regarding the purpose of the study and randomization. Given the nature of the intervention, children and their guardians were made aware of the study allocation. In this study, the confidentiality of subgroups and other information will be maintained from ophthalmic examiners and data analysts, and the study is designed to be single-blind.

3.3. Allocation

In a central randomization system, the statistical expert responsible for randomization creates the randomization parameters in advance and the system generates a random allocation table. Once the researchers at each center have accessed the server via the web and entered their personal details, the computerized randomization system will proceed to divide the individuals according to the random allocation table, after which the individual's division information will be locked in the system.

4. Data collection and outcome

4.1. Data collection

Follow-up examinations will be conducted before the start of the experiment and at 1, 3, 6, and 12 months after the experiment, and the items for each examination will as follows:

Before cycloplegia:

1) Axial length (AL), central anterior chamber depth (ACD), corneal curvature, pupil diameter: measured by IOL-Master Optical Biometer (Carl Zeiss 500, Meditec) prior to cycloplegia, left and right eyes will be measured 5 times, provided the difference between readings is less than 0.05 mm and the average value will be taken.

2) Intraocular pressure (IOP): non-contact intraocular pressure meter (Japan Topcon), the left and right eyes will be measured automatically 3 times, and the average value will be taken.

3) Corneal topography: The corneal topographer (Medmont) is used to repeat the measurement three times per eye, align the cornea, extract the graphic to the center of the best, the least deviation of a printout, and record the central corneal curvature. 

4) Corneal endothelial cell count: three consecutive measurements, take the average endothelial cell. 

5) Adjustment Magnitude Power (AMP): By the monocular shift method, under the state of full refractive correction, focusing on the upper line of the best visual acuity of the near vision card single vision markers, slowly moving closer to the vision card until completely fuzzy, at this time, the distance between the card and the plane of the lens for the adjustment of the proximal point, the inverse of the adjustment of the proximal point for adjustment of the magnitude of the adjustment. Both eyes will be tested separately, each eye will be measured 3 times, and the average value will be taken.

6) Best Corrected Vision Acuity (BCVA)：before administering cycloplegia, the children's best-corrected visual acuity will be measured using a standard logarithmic visual acuity scale (GB/T 11533-2011)

Proceed cycloplegia: 

Cycloplegia will be induced with 0.5% Mydrin-P (Santen) eye drops, administered to both eyes at 0, 5, and 10 minutes. After 20 minutes of the final administration of Mydrin-P (Santen) eye drops, pupil size and light reflex will be observed, when absent the light reflex and/or the pupil diameter is greater than 6 mm, it is considered to be a satisfactory ciliary paralysis.

After cycloplegia:

1) Refraction: Retinal banding optometry and autorefractor (Topcon, Japan) will be performed for three consecutive times, and the values will be converted to Spherical Equivalent Refraction (SER) = spherical power + cylindrical power/2 after subjective optometric retesting. 

2) Choroidal thickness: The subject's head is fixed on the headrest of the OCT instrument with the lateral canthus aligned with the lateral canthus line on the headrest column. The XR-OCT (RTVue XR 100, Optovue, USA) will be aimed at the eye and the subject will be instructed to look at the blue cursor emitted by the OCT in “Enhanced HD Line” mode. Horizontal and vertical linear scans of the macula and adjacent areas will be performed with a 6-mm scanning line, and the choroidal thickness will be measured at the macular central concavity, and at the nasal, temporal, superior, and inferior aspects of the macula at 500 μm, 1000 μm, 2000 μm, and 3000 μm away from the macular central concavity, respectively, at a total of 17 sites, and the value of the measurement is the vertical distance from the outer boundary of the retinal pigment epithelium to the intersection of the choroidosclera and the choroidal sclera under the measurement site. The measurement is the vertical distance between the outer retinal pigment epithelium and the choroidal scleral junction below the measurement site. Participants will be instructed to refrain from engaging in strenuous physical activities for at least one hour prior to the examinations and to avoid consuming caffeinated or other functional drinks.

3) Choroidal vascular density: The subject's head is fixed on the headrest of the OCT instrument with the lateral canthus aligned with the lateral canthus line on the headrest column. The XR-OCT (RTVue XR 100, Optovue, USA) will be used for choroidal examination. The same examiner scanned a 6×6 mm area of the macula using the "Angio Retina 6.0mm" mode in a dark room. During the examination, eye-tracking mode will be enabled, and motion correction will be applied. If the scan exhibited noticeable motion artifacts and the scan quality (SQ) is below 6 points (on a 10-point scale), the scan will be repeated until an image with a scan quality of ≥6/10 will be obtained. The original En-face images of the choriocapillaris level will be exported and binarized using ImageJ software (version 1.49, USA). 

4) Multispectral Refractive Topography (MRT): The subject's head will be secured to the headstock of the multispectral fundus camera with the lateral canthus aligned with the lateral canthus line on the headstock column. The camera will be moved to a position about 20 mm from the patient's eye, and then the joystick will be adjusted and rotated from side to side, so that the corneal focusing ring reflection will be coaxial with the patient's pupil. Fundus focusing: the subject has a certain degree of refractive error due to nearsightedness, farsightedness, or presbyopia, etc., and the device provides a range of refractive errors of -15.0D to +15.0D to ensure that the device can be used in the fundus of the eye. The multispectral image shooting: adjust the illumination brightness of multi-spectral image shooting according to the brightness of the focused image, i.e., if the brightness is suitable, keep the default mid-range (light intensity 80% of the high range); if the brightness is too bright, adjust it to the low range (light intensity 60% of the high range); and if the brightness is too dark, adjust it to the high range. Image quality assessment: after shooting, the images of all wavelength channels will be displayed on the interface. The operator can browse and evaluate each image and, if necessary, tick off the unqualified images for re-shooting. 
For the refraction difference value (RDV), macular foveal refraction measured at the equator (parallel to 0°) was defined as the central refraction, and the absolute peripheral refraction for a given eccentric area is the SER of the eccentric area. The RDV was calculated by subtracting the central refraction of the fovea from that obtained at each eccentric location. The RDV of different areas represents the average peripheral retinal refraction: 1) on the inferior, superior, nasal, and temporal sides (RDV-I, RDV-S, RDV-N, and RDV-T); 2) the RDV of circle areas centered on macular with an increment of 10◦, RDV-10, RDV-20, RDV-30, RDV-40, and RDV-50 (which represent the average peripheral retinal refraction from the center to 10°, 20°, 30°, 40°, and 50°), respectively; 3) the annular refraction difference value with intervals of 10°, RDV 10–20, RDV 20–30, RDV 30–40, and RDV 40–50. The total refraction difference value (TRDV) represents the average peripheral retinal refraction within the 53° retina.
5) Fundus photo: are taken centered on the optic disc and macula respectively. Correct position, accurate focus and moderate exposure are required. If there is no interstitial turbidity, the fundus image is required to clearly show the structure of the retina and optic disc (the retinal vascular wall, the retinal nerve fiber layer, the microvascular along the surface of the optic disc, and the structure of the sieve plate in the optic cup are clearly visible).

6) The slit lamp check: A slit lamp (Topcon, Japan) examination will be performed to rule out acute inflammation of the eye, cone cornea, cataracts, and other anterior segment pathologies. Additionally, the slit lamp microscopy (Topcon, Japan) and +90 D lens examination (Volk Optical Inc., USA) will be performed to rule out other vitreous and fundus diseases.

Questionnaire: Record the family factors and congenital conditions of the subject children (whether the child is a preterm baby, whether the child's parents are myopic or not), the education level of the child's parents, the child's height growth in the last one year), the eye habits of the subject children (the average daily use of mobile phones and iPads, the average daily time watching TV, the distance from the electronic screen, the distance from the TV, the average daily time outdoor activities, the average daily sleep time, how often the child wore lenses, time spent studying under lights at night), and treatment-related adverse effects in each period.

4.2. Outcomes:

4.2.1. Primary outcome: 

12-month cumulative incidence and progression of myopia in intervention and control groups. 

1) Changes of spherical equivalent refraction (SER, D) and axial length (AL) in the intervention and control groups. 

2) Changes of choroidal thickness (CT) and peripheral retinal refraction in the intervention group and the control group. 

4.2.2. Secondary outcomes 

Changes of best corrected visual acuity (BCVA), corneal curvature, anterior chamber depth (ACD), peripheral retinal defocusing amount, Intraocular pressure (IOP), corneal thickness, corneal endothelial cell count in the intervention group and the control group. 

4.2.3. Definition of myopia: A cycloplegic SER (sphere plus half of cylinder) < -0.50 D. 

4.3. Side effects

The adverse effects include, but are not limited to, ocular discomfort, lacrimation, dry eyes, blurred vision, transient glare, and photophobia. Severe adverse events include sudden loss of vision of >2 lines or children experiencing blurred vision in the central visual field. Fundus photo and OCT images will be supervised by 3 accredited senior ophthalmologists. Any fundus abnormality, including but not limited in vitreous traction, macular tear, macular hole, intraretinal fluid, subretinal fluid, subretinal hemorrhage, retinal pigment epithelial hyperplasia and atrophy.

5. Risks

The device used in this study is the Elsing Amblyopia Intervention Device, which is safe and has been approved by the relevant authorities. The device is already on the market and used in major hospitals. It has been used to treat amblyopia for over 10 years with no known side effects. The device uses a red light with a wavelength of 650 ± 10 nm and an energy range of 1.07 to 1.42 milliwatts. It is Class I radiation certified by the National Supervision and Inspection Centre. According to the document GB 7247.1-2012, it is safe to use radiation in the eye. The device may cause dizziness, blindness and a spot in vision, which can be relieved on its own after resting with eyes closed for a few minutes.

6. Ethics and Informed consent

6.1. Ethical approval

The study was approved by the Second People's Hospital of Yunnan Province Ethics Committee (2020133) and adhered to the tenets of the Declaration of Helsinki10. 

6.2 Informed consent
During the informed consent process, the research plan is fully explained to the subjects. This includes the purpose of the study, the procedures and intended plan, the potential risks, benefits, and alternative interventions. This is done so that the subjects can fully understand the plan and consider it before deciding whether to start or continue the study. The researcher will engage in a discussion with the subjects and their parents or guardians. Subjects and their parents or guardians are encouraged to ask questions at any point during the study, whether before, during, or after the study has commenced. It is the right of subjects and their parents/guardians to be informed at all times during the course of the study, and they may withdraw from the study at any time without giving reasons. Furthermore, the informed consent form delineates the rights of subjects subsequent to their participation in the study. Should they consent to participate as volunteers, they will be required to sign the informed consent form.

6.3. Confidentiality

In accordance with the established protocol, all individuals involved in the trial are obliged to maintain confidentiality throughout the proceedings. Access to all relevant data is restricted to those with the requisite authorisation. The confidentiality of the participants will be maintained in the reporting of the clinical study data and in all publications. 

6.4. Declaration of Interests

The trial leader has no financial or other conflicts of interest that could bias the results of the study.
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