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and defocus-incorporated multiple segments
spectacle lenses for myopia control in children:
the study protocol for a 12-month, randomized,
parallel-controlled, and single-center clinical
trial

Hongmei Zhang' ®, Desheng Song' and Ruihua Wei'"

Abstract

Background Myopia is increasing in prevalence worldwide. Combination therapy showed a better effect on myo-
pia control than monotherapy. Repeated low-level red light therapy (RLRL) therapy and defocus-incorporated
multiple segment (DIMS) spectacle lenses have been reported to retard myopia progression significantly. However,
whether these two therapies are better than one is still unknown. The present study aims to report the study protocol
of a trial designed to evaluate the efficacy and safety of combination therapy of RLRL and DIMS versus DIMS alone

for reducing the progression of myopia among Chinese school-aged children.

Methods This study is a 12-month, randomized, parallel-controlled, single-center clinical trial. We will recruit children
aged 8-12 years with spherical equivalence (SE) between—0.50 D and—6.00 D under cycloplegia in both eyes. We will
recruit 66 participants with an allocation ratio of 1:1 from our hospital. Participants in the intervention group will be
treated with an RLRL therapy device twice a day from Monday to Friday at home, 3 min per session, with a minimum
interval of 4 h, under the supervision of their parents/guardians. They will wear DIMS spectacles for myopia correction
during the day. Participants in the control group will not receive the RLRL therapy and will only wear DIMS spectacles
to correct myopia. Participants from both groups will attend the hospital every 6 months.

The primary outcome is the change in axial length at 12 months. Secondary outcomes include changes in refraction
under cycloplegia, optical coherence tomography (OCT), multifocal electroretinogram (mfERG), color vision, and par-
ticipants'self-reporting of adverse events at 12 months.

Discussion This study will report the efficacy and safety outcome of the combination therapy of RLRL and DIMS
versus DIMS for school-aged children with myopia in detail.
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Background

Myopia has become a serious worldwide public health
issue [1]. The prevalence of children’s myopia has reached
epidemic levels in certain areas (such as Eastern Asia)
and still increasing exponentially [2]. It has been reported
that the prevalence of myopia in China is as high as 90%
[2]. A review predicts by 2050, approximately 50% of the
world’s population will be myopic, and 10% will have
high myopia [3]. High myopia is usually accompanied
by the elongation of axial length, which may increase the
risk of pathologic myopic retinopathy, such as macular
degeneration, retinal detachment, and glaucoma, leading
to blindness [4]. Therefore, it is crucial to explore treat-
ments to control myopia.

Currently, numerous studies have focused on control-
ling myopia in young childhood, when it progresses rap-
idly [5-8]. Atropine [6, 9], orthokeratology (OK) [8], and
a combination of these treatments [10, 11] have been
assessed for myopia control efficacy. Topical atropine eye
drops have been proven to be the most efficient in retard-
ing myopia progression in children [6, 9]. The OK lens
can reduce 40-60% of axial length (AL) elongation when
compared to a single-vision spectacle [12]. The combina-
tion therapy was more effective in slowing AL elongation
than the OK lens alone over a 2-year randomized clini-
cal trial (0.29 mm vs. 0.40 mm) [13]. However, the com-
bination treatment does not decrease the adverse effects
of atropine and OK lens use. Therefore, further control
treatments are still needed to evaluate myopia control
combination therapies’ safety and efficacy.

Repeated low-level red light (RLRL) therapy is a novel
and effective treatment for slowing the progression of
children’s myopia, as demonstrated by numerous clinical
trials [14—17]. Defocused incorporated multiple segment
(DIMS) spectacle lenses showed significant myopia retar-
dation through 3-year follow-up study [18]. In our clinic,
we observed that combination therapy showed better
control efficacy than monotherapy. However, till now,
there is no RCT to prove it. The effect of the combination
of these two treatments for myopia control needs to be
investigated.

Therefore, we plan to conduct a randomized, parallel-
controlled, and single-center trial to investigate the effi-
cacy and safety of combination therapy of RLRL and
DIMS spectacle lenses versus DIMS in slowing myopia
progression in children.

Methods/design

This is a 12-month, randomized, parallel-controlled, sin-
gle-center clinical trial enrolling children aged 8—12 years
with myopia as subjects. The main purpose of this clinical
trial is to evaluate the efficacy and safety of combination
therapy of RLRL and DIMS spectacle lenses in slowing
myopia progression in children. This clinical trial will be
conducted at a tertiary hospital, Tianjin Medical Univer-
sity Eye Hospital. Ethical approval was obtained from the
institutional review board of Tianjin Medical University
Eye Hospital (N0.2023KY-32). Written informed consent
will be collected from the participants and their parents/
guardians before enrollment.

The schedule of the trial (Table 1) followed the SPIRIT
(Standardized Protocol Items: Recommendations for
Interventional Trials) 2013 statement (https://www.
spirit-statement.org/). The study flow schedule is shown
in Fig. 1.

Participants’ eligibility
Inclusion criteria

1. 8-12 years of age (at the time of consenting), regard-
less of gender;

2. Myopia of a spherical equivalent (SE) between —0.50
D and—-6.00 D under cycloplegia in both eyes, with
astigmatism <2.00 D, binocular anisometropia<1.50
D;

3. Both best-corrected distance visual acuity and best-
corrected near visual acuity of at least 1.0;

4. Able to actively cooperate with and adhere to treat-
ment requirements;

5. The parents/guardians and the child provide written
informed consent.

Exclusion criteria

1. History of photosensitivity, ocular or systematic dis-
eases;

2. Amblyopia;

3. Children with the immune system and systemic dis-
eases or mental disorders, inability to communicate
normally;
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Table 1 Standard Protocol Items: Recommendations for Interventional Trials (SPIRIT)

Study period
Enrollment Allocation Post-allocation
Timepoint Recruitment Randomization | 6 months 12 months
(-2 weeks to 0 | (0 days) (£14 days) (£30 days)
days)
Enrollment
Eligibility screen
Informed consent
Randomization %
Allocation x
Interventions
Intervention . R
group D g
Control group < >
Assessments
Demographic %
Characteristics
Axial length X X X
Refraction x x %
OCT % % <
Visual acuity % x x
Multifogal % % %
electroretinogram
Color vision % % %
Adverse effects % %

4. Previously received other treatments to control
the development of myopia, such as atropine or
orthokeratology lens within 3 months;

5. Other situations that the investigators may consider
unsuitable for enrolling in the study.

Recruitment

To better recruit participants, we will create a poster at
the front of the optometry center of our hospital. Chil-
dren diagnosed with myopia at the hospital’s outpatient
clinic will be invited. The potentially eligible participants
and their parents/guardians will be contacted by the clin-
ical research coordinator (CRC). The CRC will provide

a detailed introduction to the study. Interested partici-
pants and their parents/guardians will sign the informed
consent. Afterward, they will be invited to undergo a
screening examination. Participants will be eligible to
participate in the clinical trial if they meet the inclusion
criteria, and they will be excluded if they meet any of the
exclusion criteria.

Randomization and masking

A statistician is responsible for the randomization of the
intervention or control group. Simple randomization
will be implemented. The subject file numbers (1-100)
in a spreadsheet of Excel (Microsoft Office) and a col-
umn of random numbers for the group allocation will be
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Fig. 1 Study flow diagram

conducted by the statistician. That means that subjects
will be assigned to either group by following a random
software sequence generated from Excel. The allocation
sequence will be sealed in an opaque envelope. Due to
the nature of the intervention, the principal investiga-
tor and participants will be aware of the study allocation.
While the outcome assessors, including technicians and
optometrists, will be masked to the treatment allocation.

Intervention
Eligible participants will be randomly assigned to the
intervention group or control group, at a 1:1 ratio. Par-
ticipants in the intervention group will receive RLRL
treatment twice a day from Monday to Friday, with a
treatment duration of 3 min and a minimum interval of
4 h. They will wear DIMS spectacle lenses for myopia
correction. Subjects in the control group will only wear
DIMS spectacles for myopia correction during the day.
The brand of the red light machine will be Eyerising
[14], a semiconductor laser product in Suzhou, China.

The wavelength is 650 + 10 nm, the illuminance level is
approximately 1600 Ix, and the power is 2.00 + 0.50 mW.
The light power entering a 4-mm pupil is supposed to
be approximately 0.29 mW. According to American
National Standards Institute Z136.1 standards from
2014, this laser is classified as class 1; its upper maxi-
mum power is 0.4 mW and is safe for direct ocular
exposure. Several randomized clinical trials using the
Eyerising RLRL laser have reported no treatment-asso-
ciated severe adverse events. The machine had a cen-
tral control system. Each participant in the intervention
group will have a unique corresponding personal
account and password; the machine will be initiated for
treatment after logging into the system.

The study will evaluate AL, cycloplegic auto-refrac-
tion, OCT, multifocal electroretinogram (mfERG),
color vision, visual acuity (VA) of the two groups of
subjects, and participants’ self-reporting of adverse
events at 6 months and 12 months after enrollment.



Zhang et al. Trials (2024) 25:514

Primary outcome

Figure 1 displays the timeline for data collection and vis-
its. The assessments will be conducted following a pre-
determined order. Comprehensive eye exams will be
conducted by an ophthalmologist.

The primary outcome is to determine whether the
combination therapy of RLRL and DIMS spectacle is
superior to DIMS therapy, in terms of preventing myo-
pia progression, by evaluating the AL (mm) elongation
by Lenstar 900 (Haag-streit, USA) in these two groups
of participants. The measurement will be conducted
three times and the mean values will be recorded. For
the primary outcome analysis, the myopia progression
over 1 year would be determined by the difference in AL
between the baseline and 12-month visit.

Secondary outcome

The secondary outcome measurements include the
spherical equivalent (D) under cycloplegia by autorefrac-
tor, the sub-fovea thickness of choroid by OCT, mfERG,
and color vision as well as participants’ self-reporting
of adverse events at each visit. The differences between
the baseline and 6-month and12-month visits of the two
groups of subjects will be recorded. The change of visual
acuity, spherical equivalent after cycloplegia, choroid
thickness under the macular, mfERG between the base-
line, and 12-month visit will be calculated as the second-
ary outcome.

Visual acuity

An ETDRS chart (Precision Vision, Villa Park, Illinois,
USA) with standard illumination will be used to measure
visual acuity at a distance of four meters. Uncorrected
and best-corrected visual acuity will be measured.

AL

Before cycloplegia, Lenstar 900 (Haag-Streit, USA) will
be used to measure the AL of both eyes. Three measure-
ments will be taken for each eye. The AL measurement
will be based on the mean of these 3 values if the desired
precision (< 0.05 mm) is achieved.

Cycloplegia

Cycloplegia will be induced with three drops of 1% cyclo-
pentolate administered at the 0, 5th, and 20th minute
to each eye. The light reflex and pupil dilation will be
checked after an additional 15 min. Full cycloplegia will
be justified if the pupil dilates to 6 mm or greater and the
light reflex is absent.

Cycloplegic autorefraction
Cycloplegic autorefraction will be conducted using an
autorefractor (KR-8800, Topcon, Tokyo, Japan). The same
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autorefractor will be used throughout the study. It will be
calibrated before each examination session.

Optical coherence tomography

Swept Source-OCT (DRI OCT Triton, Topcon, Tokyo,
Japan) will be used to capture the macular scan. Shooting
mode: 12 mm radial scan mode.

Color vision
Farnsworth Munsell 100 Hue Test (FM-100) will be used
to test the changes in color vision.

Multifocal electroretinogram (mfERG)

mf-ERG will be taped using RETI-scan (Roland Consult,
Germany). We will obtain P1 response density (nV/deg2),
P1 amplitude (1V), P1 implicit time (ms), N1 amplitude
(uV), and N1 implicit time (ms) values from central three
rings.

Sample size calculation

Previous studies have investigated the efficacy of RLRL
in controlling myopia in children. Jiang et al’s multi-
center randomized controlled trial [14] reported that the
AL elongation in the RLRL group was 0.13 mm, while it
was 0.38 mm in the single-vision spectacle group. Carly
[15] showed the AL elongation was 0.10 mm in the DIMS
group, compared to 0.30 mm in the single-vision specta-
cle group. However, our study is the first to specifically
investigate the efficacy of RLRL therapy combined with
DIMS in controlling myopia in children.

The parameters used for the sample size calculation
included a significance level of 0.05, 95% confidence
interval, 80% power, and 1:1 allocation. Based on Jiang
et al’s [15], Carly et al’s study [19], and other published
data, the AL elongation in the DIMS group will be
0.11+0.02 mm/year, to detect a 20% difference (0.02 mm
with 0.02 mm of SD) in AL between two groups. The rate
of participant loss to follow-up over 1 year is estimated
to be 20%. Calculations will be two-sided and performed
using the software, NCSS PASS 11. A total sample of 66
eligible children is required in the trial, with 33 partici-
pants planned to be assigned to each of the two groups.

Data collection, management, and monitoring

The principal investigator will provide training to the
site staff on trial processes and procedures, including the
completion of the clinical research forms (CRF) and data
collection through investigator meetings and site initia-
tion visits. A paper-based CRF will be used throughout
examinations. All data for each participant will be col-
lected and recorded in the CRF for the study. Instru-
ment-printed results will be appended to the CRF when
available. Participant identification on the CRF will be
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through their unique trial identifier, allocated at the time
of recruitment.

Study data will be entered into the electronic data cap-
ture (EDC) system. During submission, the EDC will
automatically check for missing values. After the exami-
nations are completed, all study documentation, includ-
ing participant medical records and data, will be stored in
a research facility locker to preserve participant privacy
and ensure access for data review and audit.

The primary outcome of the current study is the change
in AL to assess the efficacy of the combination therapy
of RLRL and DIMS. At each visit, masked investigators
analyzed AL and other measures. The RLRL therapy will
be suspended if any odd symptoms are detected, and the
investigator will study and report the signs and symp-
toms as soon as possible. Each negative incident will be
documented in the CRF. Participants who are unable to
be tracked during the study are labeled dropouts. Par-
ticipants may withdraw from the study if they experi-
ence excessive side effects or if the treatment has a poor
effect. Furthermore, participants can leave the research
at any moment for any reason. To ensure the participants’
safety, the investigators may potentially withdraw them
from the study.

Participant medical records can only be assessed by the
investigators and monitors. The participants’ data and
information would not be used for any other study pur-
poses. The identities of the participants will be masked to
protect their privacy throughout data processing. There
will be no interim analysis. The Department of Clini-
cal Research in Tianjin Medical University Eye Hospital
oversees the data management. Regular data monitor-
ing will be undertaken following the sponsor’s standard
operating procedures. The Tianjin Medical University
Eye Hospital's Good Clinical Practice (GCP) office will
conduct the audits. Every 6 months, they will examine
the adherence to the protocol and study procedures. The
investigators will not be involved in the audit process.

Statistical analysis

The primary analysis will be performed under the inten-
tion-to-treat (ITT) principle. All subjects who complete
the protocol and those who fail to complete the proto-
col but do not withdraw from the study will be included
in the analysis dataset. For subjects who withdraw from
the study, valid data collected before withdrawal will be
included in the analysis dataset.

Baseline characteristics and follow-up visits results will
be summarized as mean and standard deviation (SD),
median and interquartile range (IQR), or numbers and
proportions (%) as appropriate, depending on the scale
of the measurement and distribution. Endpoints from
both eyes will be pooled in combined analysis using
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generalized estimating equations (GEE) to account for
the correlation between eyes within the participant. Dif-
ferences in the AL and other continuous secondary out-
comes between the intervention group and control group
will also be tested for significance using an independent
t-test. Analysis of covariance will be performed to adjust
for baseline characteristics and other covariates. The chi-
square test will be used to explore the distribution of cat-
egorical secondary outcomes between two groups.

An unstructured covariance matrix will be used along
with a restricted maximum likelihood method to esti-
mate treatment effects. The model will include group,
visit, and group-by-visit interaction as fixed effects, along
with baseline age, sex, and baseline value as covariates.
Subjects will be included as a random factor. The esti-
mated mean treatment differences, corresponding 95%
confidence intervals (Cls), and two-sided p values will be
calculated. To assess the impact of missing data on the
primary outcome, sensitivity analyses will be conducted
by imputing extreme values (lowest and highest). A
detailed statistical analysis plan will be completed before
the final analysis is started.

Protocol compliance

A protocol deviation is defined as an incident that devi-
ates from the normal expectation of a particular part of
the trial process. Any deviations from the protocol will be
fully documented on the protocol deviation form in the
CRF and reported to the steering committee and ethics
committee.

The Eyerising red light machine is linked to a central-
ized system through the Internet, allowing treatment
data and compliance to be monitored centrally. One staff
member will keep track of treatment compliance and
usage time information, which will be collected once a
week. To improve compliance, staff will notify parents/
guardians of children who use the machine less than 8
times a week. Participants will be reminded by phone
or email 1 week before their clinical visit; then, appoint-
ments will be made in advance according to their avail-
ability. In the event of non-compliance, such as absence,
participants will be contacted by phone or WeChat to
confirm their willingness to continue or terminate the
study.

For very rare cases such as eye irritation, skin itching,
and eye pain, participants will be advised to use the des-
ignated eye drops. Adverse events (AE) will be continu-
ously monitored. In the case of an AE, participants will
be informed about the severity of the event, and the prin-
cipal investigator (PI) will decide if participants can con-
tinue further. If participants consent and agree, they will
be reminded daily regarding the administration of eye
drops. Any queries regarding the study will be answered
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by trained clinical staff at Tianjin Medical University Eye
Hospital, China.

For very rare cases such as intolerable eye glare, and VA
decreased, the Tianjin Medical University Eye Hospital
Ethics Board will be notified; experimental treatments
will be discontinued promptly, and professional ophthal-
mologists will provide treatment.

Post-trial care

It is recommended that children with myopia should be
re-exanimated at least half a year to determine whether
the defocus spectacles need to be replaced. Visual acu-
ity, axial length, refraction, OCT, color vision, and other
examinations can continue to be conducted in our outpa-
tient clinics at our hospital.

Protocol amendments

Any protocol changes that may have an impact on the
study’s conduct, such as changes in the study objectives,
study design, sample sizes, or study procedures, require
a formal amendment to the protocol. These amendments
must be approved by the institutional review board of
our hospital before implementation. Minor protocol
adjustments that do not affect the study will be agreed
upon and documented in a memorandum by the primary
investigator.

Discussion

The present trial is designed to investigate the efficacy
and safety of combination therapy of RLRL and DIMS
spectacle lenses in slowing myopia progression in chil-
dren. To the best of our knowledge, the present study
is the first randomized, parallel-controlled, and single-
center trial that obtains detailed data on the combination
of RLRL therapy and defocus spectacle lenses.

The underlying mechanism of retarding the myopia
progression of RLRL therapy was improving the hypoxia
environment by increasing the blood flow to the choroid,
which influenced sclera remodeling additionally [20-22].
Additionally, red light can also improve human photo-
receptor function by changing thresholds for Tritan and
protein function, which may modulate the metabolism of
the fundus [23]. The DIMS spectacle lenses slow myopia
progression by providing a relative positive power (+3.50
D) which imposes myopic defocus and inhibits eye
growth. These two mechanisms are independent of each
other. In theory, the combination of these two control
methods can play a synergistic role in myopia control.

In conclusion, RLRL therapy and DIMS have gained
great interest in the retardation of myopia progression
worldwide for its significant efficacy. The present study
aims to investigate the efficacy and safety of the combi-
nation of RLRL therapy and DIMS spectacle lenses in
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slowing myopia progression in children. These results
would broaden the understanding of myopia progression
control efficacy.

Trial status

At the time of submission, recruitment has not begun.
The protocol version is 1.0, dated 30 August 2023. The
first patient will be recruited on January 1, 2024; the
recruitment will be completed by December 31, 2024.

Abbreviations

AL Axial length
SE Spherical equivalence
RLRL Repeated low-level red light

DIMS Defocus-incorporated multiple segments
oCT Optical coherence tomography

mfERG  Multifocal electroretinogram

OK Orthokeratology
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