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Behavioral Intervention with Eye-Use
Monitoring to Delay Myopia Onset and
Progression in Children

A Cluster Randomized Trial

Yuanyuan Hu, MD, PhD,"” Mingkun Yu, MD, PhD,’ Xiaotong Han, MD, PhD,’ Nathan Congdon, MD, MPH,***
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Purpose: To assess the efficacy of a behavioral intervention using Eye-Use Monitoring technology to delay the
onset and progression of myopia in children.

Design: A prospective, cluster-randomized, parallel-groups, examiner-masked, clinical trial (Chinese Clinical Trial
Registry, ChiCTR2100052101).

Participants: A total of 413 children from grades 2 to 4 in Shandong, China, from October 2021 to December 2023
were randomized by class into 3 groups: reminder and feedback (6 classes, 156 children), reminder-only (5 classes, 147
children), and control (3 classes, 110 children). Children with prior myopia control interventions, significant eye condi-
tions, or a history of eye diseases were excluded.

Methods: The reminder-only group received simultaneous vibration alerts for prolonged near work, close proximity,
head tilt, or inadequate lighting. The reminder and feedback group received these alerts plus behavioral feedback,
including praise, rewards, and weekly reports. The control group received no intervention. The intervention lasted 49
weeks, followed by a 49-week observation period without intervention.

Main Outcome Measures: The primary outcome was the mean change in cycloplegic spherical equivalent (SE) at
49 weeks. Secondary outcomes included changes in axial length (AL), myopia incidence, rates of rapid myopic shift,
participant compliance, and eye-use behaviors.

Results: At 49 weeks, changes in SE and AL were least in the reminder and feedback group (SE: 0.52 + 0.35
diopters [D] vs. 0.59 4+ 0.43 D vs. 0.73 £ 0.48 D, AL: 0.30 4+ 0.14 mm vs. 0.33 & 0.16 mm vs. 0.40 4+ 0.20 mm, in
reminder and feedback group, reminder only group, and control group, respectively, both P < 0.001). Myopia incidence
was lowest in the reminder and feedback group (13.3% vs. 21.6% vs. 27.8%, in reminder and feedback group, reminder
only group, and control group, respectively, P < 0.05). However, differences diminished by the 98-week follow-up.

Conclusions: This study demonstrated that the combination of Eye-Use Monitoring reminders and feedback on
eye-use behaviors can effectively delay the onset and progression of myopia in children. However, sustained inter-
vention may be necessary to maintain long-term benefits.
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references. Ophthalmology 2025;m:1—-12 © 2025 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/).
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Myopia is recognized as a major global public health
challenge, with its prevalence and societal impact escalating
alarmingly. As of 2020, myopia affected approximately
30% of the global population, and projections indicate this
number will increase to 50% by 2050."* The economic and
health care burdens stemming from myopia are substantial,
with the global costs involving health care expenditures and
lost productivity amounting to billions of dollars annually.”
These underscore the critical need for continued research

and interventions to curb the further worsening of the
global myopia epidemic.

Although both genetics and environment play a role,” the
increase in myopia prevalence in recent decades appears too
rapid to be explained only by genetic factors and is more
likely due to environmental changes. Factors such as
increased schooling and decreased time outdoors have
been strongly linked to greater myopia development in
children. However, the evidence connecting specific
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behavior-related risk factors, such as the duration and
proximity of near work, to myopia remains weak and
inconsistent.®”? Studies by French et al,10 Lin et all,ll and
Guo et al'” reported that near-work time was an indepen-
dent risk factor for myopia onset and progression. Pirssinen
and Lyyra'” also reported that more time spent on reading
and other close work and reading distance were associated
with faster myopic progression. A generally consistent
association between near work and myopia has been
shown in a recent meta—analysis.14 However, Saw
et al'>'® indicated that near-work time, books read per
week, and the eye-to-book distance while reading or writing
were not risk factors for myopia progression. Likewise,
Jones-Jordan et al'’ found that near-work time had little
meaningful effect on the rate of myopia progression. A
significant hurdle of the inconsistencies in evidence has
been the reliance on self-report to assess lifestyle factors,
including near work activities, which are susceptible to
recall bias and inaccuracies. To address these challenges,
simultaneous objective methods to measure these lifestyle
factors have been developed, including devices such as
RangeLife'® and Clouclip,'” offering new avenues to
accurately assess their impact on myopia.

In addition, enhancing health education based on class
and raising parental awareness are crucial strategies for
myopia prevention in children, especially for behavior-
related risk  intervention.’””'  However, although
interventions targeting eye-use behaviors—such as near
work duration, distance, posture, and lighting—are believed
to be beneficial, the current evidence largely stems from
observational studies, which are often subject to confound-
ing variables and cannot establish causality. These limita-
tions make it difficult to determine whether the observed
effects are truly due to the interventions or other unrelated
factors. Therefore, a randomized controlled trial is essential
to rigorously evaluate these interventions under controlled
conditions, eliminating biases and providing high-quality
evidence on their effectiveness. Our study was designed to
fill this gap by implementing and objectively assessing a
behavioral intervention, with feedback from teachers and
parents, to determine its true impact on delaying the onset
and progression of myopia in children.

Methods

This study was an open-label, cluster-randomized, controlled trial
conducted in the Huantai County, Zibo City, Shandong Province,
China. Shandong Province, located in eastern China, is home to
approximately 90 million people. Zibo City, centrally located in
Shandong, includes Huantai County, where this study was con-
ducted. The primary education system in Huantai spans from grade
1 to grade 5, catering to children typically aged 6 to 12 years.
Given the potential challenges in intervention compliance among
younger children and the preoccupation of fifth graders with their
final year entrance examinations, our study specifically targeted
children in grade 2 to 4. Before recruiting schools for the study, we
engaged with the local educational authorities, the Huantai Edu-
cation Bureau, to solicit their support and approval. After the
consultation, the Huantai Education Bureau issued a letter to
school principals, advocating for their participation in this research
project.
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One primary school in Huantai County was selected based on a
list provided by local education bureaus, and all children from
grade 2 to 4 in this school were included in our study. The period
of recruitment was from October 18, 2021, to October 20, 2021.
We further excluded children with (1) a history of myopia-control
interventions, including orthokeratology lenses, low-concentration
atropine eyedrops, and defocus spectacles; (2) amblyopia in either
eye; (3) anisometropia > 1.50 diopters (D); (4) astigmatism > 2.50
D in either eye; (5) a history of severe eye diseases, for example,
congenital cataract or fundus diseases; and (6) participation in
another clinical trial within the last 3 months.

The study protocol was approved by the Medical Ethics
Committee of the Affiliated Eye Hospital of Shandong University
of Traditional Chinese Medicine on October 13, 2021 (HEC-HY-
2021002KY). The trial was registered in the Chinese Clinical Trial
Registry (ChiCTR2100052101) and followed the Consolidated
Standards of Reporting Trials reporting guidelines. The study was
conducted in compliance with the tenets of the Declaration of
Helsinki. For all children for grade 2 to 4 in this study, parents or
legal guardians signed informed consent before randomization, and
verbal assent was collected from children themselves.

Randomization

The children were randomly assigned to 3 groups: the Eye-Use
Monitor vibration plus eye-use behavior feedback group
(reminder and feedback), Eye-Use Monitor vibration-only group
(reminder only), and blank control group by the stratified cluster
random sampling method (stratified by grade, cluster by class).
Based on the class, a simple random sampling method was used to
randomly assign classes in each grade by an independent statisti-
cian. SAS statistical software (version 9.4) was used to the strati-
fied blocked randomization for 3 grades. In this school, grades 2
and 3 each had 5 classes, and grade 4 had 4 classes. For grades 2
and 3, 2 classes were assigned to reminder and feedback group, 2
to reminder only group, and 1 to pure control group. In grade 4,
because of fewer classes, 2 classes were assigned to the reminder
and feedback group, 1 to the reminder only group, and 1 to the
control group.

Interventions

Before the trial commenced, all children, parents, and teachers in
the 3 groups received health education on myopia prevention and
control, proper eye-use behaviors, and how to use the Eye-Use
Monitor (Jinan Tongxing Intelligent Technology Co., Ltd., China
Compulsory Certification: 2021230805000936; Consulting and
Certification: MICEZ-2003-0230-LVD, MICEZ-2003-0230-EMC,
MICEZ-2003-0229-ROHS, Fig 1). The Eye-Use Monitor uses
artificial intelligence—based computer vision recognition to quan-
tify and record children’s eye-use behaviors every 5 seconds. It can
automatically identify whether a child is engaged in near work
(10—60 cm, including reading, writing, playing the piano, playing
chess, using cell phones and computers) or non-near work (> 60
cm). The device records the average duration (minutes), time
frame, working distance (centimeters), light intensity (lux), and
head tilting angle (°) during near work activities. The detailed in-
struction of the working principles, measurement standards, accu-
racy, and stability of data collection is shown in the Supplementary
material (available at www.aaojournal.org). In all 3 groups,
participants were asked to wear the device during specific
measuring weeks (weeks 5, 9, 25, 49, and 98) to assess their
eye-use behaviors.

Before study initiation, we invited representatives from parents,
teachers, psychologists, ophthalmologists, optometrists, and be-
haviorists to participate in a group meeting to determine the most
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Figure 1. Function module diagram and photo demonstration of the Eye-Use Monitor.

appropriate intervention methods tailored to the school’s and stu-
dents’ routines. As a result, children in the 2 intervention groups
were instructed to wear the Eye-Use Monitor when doing near-
work activities on 2 weekdays (a minimum of 2 hours during
school and at least 1 hour after school, anytime from 1 pm to 8 pm)
each week. After each day of use, data were automatically uploa-
ded to a cloud server. The Eye-Use Monitor will automatically
output an eye-use behavior score based on a built-in algorithm,
ranging from O to 10, with higher scores indicating better eye-use
behavior. Scores > 8 were considered as excellent (Supplementary
material, available at www.aaojournal.org). The device will also
record and output the number of vibration reminders and the
average duration of near work (total near work time/number of
near work sessions) for each child.

Children in the reminder only group received simultaneous
Eye-Use Monitor vibration reminders if engaging in near work for
> 20 minutes, near work for > 15 seconds with the distance < 33
cm, head tilt of > 100, or ambient light intensity below 300 lux,
whereas children in the reminder and feedback group also received
feedback on their eye-use behaviors from their teacher, school, and
parents. Twice a week, teachers praised children with excellent
eye-use behavior scores. Each instance of praise was recorded, and
children could exchange their accumulated praises for prizes such
as stationery and backpacks. The school awarded certificates and
prizes to classes with outstanding eye-use behaviors at weeks 9, 25,
and 49. Parents received weekly reports on their child’s eye-use
behavior along with suggestions for improvement. The control
group received no intervention. The interventions were conducted
from October 2021 to November 2022 (49 weeks), with an addi-
tional follow-up period from December 2022 to December 2023
(from the 49th to 98th week) to gather postintervention data. The
integration of elementary and junior high education in the school
involved in our study allowed for a feasible second-year follow-up
for students who were in grade 4.

The study intervention and all study examinations were offered
free of charge. For children who were assigned to the control
group, they could receive the study intervention free of charge
upon the study’s completion. Weekly visits were conducted to
collect any adverse effect from children, teachers, and parents
throughout the study.

Measurements

Examinations were conducted at baseline, as well as at the 25-, 49-,
and 98-week follow-ups, including uncorrected and corrected
distance (ETDRS chart, Good-Lite Co.) and near visual acuity
assessment (Good-Lite Co.), slit-lamp examination, fundus exam-
ination, intraocular pressure measurement (Topcon CT80; Topcon
Corp.), noncycloplegic and cycloplegic auto-refraction (Nidek
ARK-1, Co., Ltd.), and ocular biometry (IOL-Master 500, Carl
Zeiss Meditec AG). Examinations were performed by optometrists
or ophthalmologists at school who were blind to random allocation.
For refractive error measurements, if the difference between the
maximum and minimum values of the spherical or cylinder power
was larger than 0.25 D, the test would be repeated until the dif-
ference was 0.25 D or less. The average of 3 tests was taken as the
final result. Cycloplegia was performed using a 1% cyclopentolate
hydrochloride solution (Alcon), administered 3 times 5 minutes
apart. Evaluation of pupil diameter and pupillary light reflex was
performed by an experienced ophthalmologists after 30 minutes.
Cycloplegia was considered successful if the pupil became unre-
sponsive to light and was > 6 mm in diameter. If not, an additional
drop was administered and auto-refraction was performed after
another 10 minutes. A questionnaire was filled out by parents to
collect data on parental myopia and outdoor time of their children
at baseline.

Compliance

Compliance was rated on a scale of 1 (good compliance) to 0 (poor
compliance). A child was considered to have poor compliance if
any of the following conditions occurred: (1) failure to adhere to
the required duration and time frame for wearing the Eye-Use
Monitor; (2) higher frequency of vibration reminders during the
study period than the baseline week; (3) worse eye-use behaviors
during the current week compared with the previous week; (4)
losing the equipment > 3 times. During the first 25 weeks,
compliance was assessed weekly, from week 26 to week 48,
compliance was evaluated monthly, and 1 final compliance
assessment was conducted at the 49-week follow-up.
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Definitions and Outcomes

Spherical equivalent (SE) was defined as the sum of the spherical power
plus half of the cylindrical power. Only right eye data were analyzed.
Myopia was defined as cycloplegic SE less than or equal to —0.50 D,
premyopia was defined as —0.50 D < SE < 0.75 D. Hyperopia was
defined as SE > 0.75 D. A fast myopic shift was defined as a myopic
shiftin SE > 0.50 D over 49 weeks or > 1.00 D over 98 weeks.

The primary outcome was mean change in SE at 49 weeks, which
was the absolute value of the difference from baseline to 49 weeks.
Secondary outcomes included mean change in axial length (AL),
percentage of children with newly developed myopia of right eye, fast
myopic shift of right eye, participant compliance, and improvements
in eye-use behaviors during the follow-up. Mean changes of these
parameters at 98 weeks were also the secondary outcomes.

Sample Size

Based on the primary outcome, the sample size was calculated
using PASS 21.0 (generalized estimating equation [GEE] tests for
multiple means in a cluster-randomized design). The calculations
were conducted with power set at 0.80 and alpha set at 0.05. The
intracluster correlation coefficient for mean change in SE at 49
weeks was estimated to be 0.02 based on data from a previous
study.”> Considering not all students would participate in this
study, the cluster size was set at 26. The study included 3 groups
(k = 3) with a ratio of 3:5:6 according to the number of classes
in each grade of the selected school. The mean (standard
deviation) values for each group were 0.67 (0.41) D, 0.56 (0.37)
D, and 0.44 (0.30) D, respectively. This required a total of 14
clusters, resulting in sample sizes of 156 for the reminder and
feedback group, 130 for the reminder-only group, and 78 for the
control group.

Statistical Analyses

We defined the full analysis set based on modified intention-to-
treat principles, which included all randomized cases excluding
minimally excluded cases. The analyses on the primary and sec-
ondary outcomes were performed based on the full analysis set.
The per protocol data set, including only children who completed
the 49-week intervention, was used for sensitivity analysis.
Missing data were completed through multivariable multiple im-
putations by chained equations, and the full conditional specifica-
tion method was used for iteration. In the descriptive analysis, the
differences in cycloplegia SE changes, AL changes, and eye-use
behaviors among the 3 groups were assessed with analysis of
variance test if data were normally distributed or Kruskal—Wallis
test if the data were not normally distributed. Data from right
eyes were analyzed.

For the analyses of primary outcome, a GEE model was used to
evaluate the effectiveness of the study intervention by comparing
the between-group differences in the mean SE changes over the 49-
week follow-up period. Unstructured correlation matrix and robust
covariance matrix estimator was applied to account for the clus-
tering effect in GEE. Adjustments were made for potential con-
founding factors, including baseline age, sex, SE, self-report
outdoor time, head tilting angle, light intensity, working distance,
average duration of eye use at close distance, and number of
myopic parents, using cluster as a covariate within the model.
Generalized estimating equation was used to assess the trends in
SE changes among the 3 groups. Sensitivity analysis based on
children with different baseline refractive status (myopia, pre-
myopia, hyperopia) was performed.

For the analyses of secondary outcomes, GEE was used to analyze
changes in AL, cumulative myopia incidence and percentage of
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participants with fast myopic shift over the 98-week follow-up. Sta-
tistical regression coefficients and 95% confidence intervals were re-
ported. P values < 0.05 were considered statistically significant.

Results

Fourteen classes were randomized into 3 groups: 3 classes to
the control group, 5 classes to the reminder-only group, and
6 classes to the reminder and feedback group (Fig 2). The
intracluster correlation coefficient was 0.01 for the primary
outcome. Of the 520 eligible children, 107 were excluded
(45 did not meet the inclusion criteria and 62 declined
participation); the remaining 413 children (79.4%, full
analysis set) underwent the baseline examination. Thirty-
three children (7.99%) did not complete the 49-week
follow-up because of refusal of cycloplegic refraction
(n = 24), refusal to use the device (n = 4), or school transfer
(n = 5). Consequently, a total of 380 children (92.0%, 380/
413, per protocol set) completed the 49-week follow-up, of
whom 343 (343/413, 83.1%) completed the 98-week
follow-up (Fig 2). Children who completed and who did
not complete the 49-week follow-up had no significant
difference in baseline characteristics (Table S1, available at
www.aaojournal.org).

As shown in Table 2, there was no significant difference
among children in the 3 study groups at baseline, except for
age because of the absence of 1 class in the reminder only
group in fourth grade. Although the age difference was
statistically significant (P = 0.02), the absolute difference
was relatively small. The mean age in the control,
reminder only, and reminder and feedback groups was
8.10, 7.92, and 8.19 years, respectively. The results of
GEE model remained consistent regardless of whether age
was adjusted or not (Tables 3 and S4 [available at
www.aaojournal.org]).

The primary outcome of changes in SE in the interven-
tion groups was smaller than in the control group, with mean
changes of 0.52 + 0.35 D in the reminder and feedback
group (mean difference [MD], —0.21, 95% CI, —0.31 to
—0.12, compared with control group), 0.59 £ 0.43 D in the
reminder only group (MD, —0.12, 95% CI, —0.22 to —0.02,
compared with control group), and 0.73 £ 0.48 D in the
control group at the 49-week follow-up (Table 3, Fig 3). The
reminder and feedback group had the lowest mean myopic
shift (P for trend < 0.001). Sensitivity analysis based on
the per protocol set and subgroup analysis based on
different baseline refractive status also yielded similar
results (Table S5, available at www.aaojournal.org).

The mean increase in AL at the 49-week follow-up in the
intervention groups were also smaller than in the control
group (P < 0.001, P for trend < 0.001). The mean AL change
was 0.30 & 0.14 mm in the reminder and feedback group
(MD, —0.10,95% CI, —0.14 to —0.06, compared with control
group), 0.33 &+ 0.16 mm in the reminder only group (MD,
—0.08, 95% CI, —0.12 to —0.04, compared with control
group), and 0.40 £ 0.20 mm in the control group (Table 6, Fig
3). The incidence of myopia at the 49-week follow-up was
27.8% in the control group, 21.6% in the reminder only group,
and 13.3% in the reminder and feedback group, respectively
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Figure 2. Flow diagram of participants according to Consolidated Standards of Reporting Trials statement.

(P for trend < 0.001), at the 49-week follow-up, but the dif-
ference was no longer significant at the 98-week follow-up.
The percentages of children with fast myopic shift were
54.5% (85/156) in the reminder and feedback group, 63.3%
(93/147) in the reminder only group, and 71.8% (79/110) in
the control group (P = 0.02, P for trend < 0.001) at the 49-
week follow-up (Table 6). No significant difference was
observed in the proportion of good compliance among the 3
groups (Table 6).

Distributions of the average duration of eye-use at close
distance, working distance, light intensity, and head tilting
angle of the study participants are shown in Table S7
(available at www.aaojournal.org) and Figure 4,
respectively. During the 49 weeks, no significant changes
were observed in the control group, whereas the children
in the intervention groups showed  significant
improvement. The eye-use behaviors in the reminder and
feedback group were significantly better than in the control
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Table 2. Demographics of the Study Participants in the Three Study Groups

Control Group

Reminder Only Group

Reminder and Feedback Group

(N = 110)* (N = 147)* (N = 156)* P Value
Cluster 3 5 6
Grade 2 1 2 2
Grade 3 1 2 2
Grade 4 1 1 2
Age, yrs 8.10 (0.87) 7.92 (0.80) 8.19 (0.80) 0.02
Sex, No. (%) 0.17
Male 53 (48.20%) 86 (58.50%) 83 (53.20%)
Female 57 (51.80%) 61 (41.50%) 73 (46.80%)
Uncorrected visual acuity,’ logMAR
Distance 0.05 (0.12) 0.05 (0.13) 0.05 (0.13) 0.96
Near 0.03 (0.06) 0.02 (0.06) 0.02 (0.05) 0.46
Cycloplegia SE, D 0.34 (1.22) 0.45 (1.15) 0.44 (1.16) 0.73
Grade 2 0.78 (1.06) 0.87 (0.84) 0.96 (1.05) 0.70
Grade 3 0.24 (1.10) 0.28 (0.96) 0.35 (1.05) 0.87
Grade 4 0.02 (1.38) -0.02 (1.64) 0.09 (1.21) 0.94
AL, mm 23.14 (0.80) 23.34 (0.73) 23.17 (0.78) 0.07
Intraocular pressure, mmHg 17.20 (2.95) 17.77 (2.79) 17.22 (2.84) 0.16
Parents with myopia, No. (%) 0.82
0 36 (32.70%) 40 (27.20%) 57 (36.50%)
1 45 (40.90%) 64 (43.50%) 55 (35.30%)
2 29 (26.40%) 43 (29.30%) 44 (28.20%)
Average duration of eye-use at 11.50 (6.93 to 16.43) 11.60 (7.88 to 17.25) 11.06 (7.73 to 14.77) 0.35
close distance,” min
Working distance,’ cm 31.71 (3.31) 31.06 (3.33) 31.23 (3.55) 0.30
Light intensity lux 293.02 (40.13) 288.64 (34.03) 297.25 (37.28) 0.13
Head tilting angle,'” ° 8.47 (6.05 to 11.93) 9.48 (6.39 to 12.73) 8.38 (4.89 to 13.96) 0.45

AL = axial length; D = diopters; logMAR = logarithm of the minimum angle of resolution; SE = spherical equivalent.

*Calculated by full analysis set analysis, including all randomized cases excluding minimally excluded cases.

Distance visual acuity was measured at 4 m, and near visual acuity was measured at 40 cm.

ifAverage duration of eye-use at close distance was measured by the Eye Monitor, expressed as median (interquartile range).

$Working distance was measured by a built-in infrared distance sensor in the Eye Monitor. The average value was used to represent the subjects’ working

distance from eyes to reading plane, expressed as mean (standard deviation).

ILight intensity was measured by light sensor (measurement range 0—64 000 lux) in the Eye Monitor and represented the intensity of light entering the eyes,

expressed as mean (standard deviation).

YW hen working at a close distance of 10—60 cm, the angle at which the head deviates from the vertical direction was defined as the head tilting angle. It was
measured through the built-in gyroscope sensor in the Eye-Monitor, expressed as median (interquartile range).

group (all P < 0.05, Table S7) and reminder only group (all
P < 0.05 except for the light intensity and the head tilting
angle, Table S7) at 49 weeks. Specifically, the average
duration of eye-use at close distance was shorter (6.47
[4.46—9.26] minutes vs. 9.73 [6.48—14.6] minutes), work-
ing distance was larger (33.1 & 3.81 cm vs. 31.2 + 4.24
cm), light intensity was better (328 £ 53.6 lux vs. 303 £
46.2 lux), and head tilting angle was smaller (6.03 [3.11 to
10.1]° vs. 8.18 [5.34 to 11.3]°) in the reminder and feedback
group compared with the control group. After cessation of
the intervention, most eye-use behaviors in the reminder and
feedback group at 98 weeks deteriorated compared with the
49 weeks (Table S7). No children experienced intervention-
related adverse reaction throughout the study (Table S8,
available at www.aaojournal.org).

Discussion

Our study demonstrated that interventions aimed at pro-
moting improved eye-use behaviors can delay the onset and
progression of myopia in children. This is one of the earliest
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studies to use simultaneous monitoring combined with
tailored feedback from teachers, schools, and parents, which
proved to be the most effective strategy in promoting sus-
tained behavior change. It is noted that after ceasing the
intervention, inter-group differences in visual behaviors and
myopia outcomes disappeared, indicating that such behav-
ioral interventions should be conducted over the long term.
Future studies should explore sustainable models of multi-
level long-term intervention, potentially integrating these
strategies into everyday school and home routines, and so-
cial environment for children in improving eye-use behav-
iors to ensure ongoing effectiveness.

Increased time outdoors and low-dose atropine are 2
widely used interventions for children to delay myopia
onset.”> ** For slowing myopia progression, clinicians
often use multifocal spectacles, orthoketatology lenses, low-
dose atropine eyedrops, or a combination of these in-
terventions.”” Near work has generally been regarded as an
important myopia-related risk factor. Recently, a 2-year
prospective, observational population study suggested that
longer distance at near work and discontinuing near work
every 30 minutes were protective behaviors for myopia


http://www.aaojournal.org

Table 3. Changes in Spherical Equivalent over 98 Weeks

Control Group (1) Reminder Only Group (2) Reminder and Feedback Group (3) (2) vs. (1) (3) vs. (1)
~ No. of No. of Adjusted Adjusted P for
No. of Children Mean + SD'  Children ~ Mean + SD! Children Mean + SD* P Value’ MD (95% CI)* P Value® MD (95% CI)* P Value’ Trend®
Changes in SE, D*
25 wks 110 0.39 +0.32 147 0.33 +£0.33 156 0.32 +£ 031 < 0.001 —0.04 (=0.11 to 0.04) 037 —0.07 (=0.15 to 0.01) 0.09 < 0.001
49 wks 110 0.73 £ 0.48 147 0.59 £ 0.43 156 0.52 £0.35 —0.12 (-0.22 to —0.02)  0.02  —0.21 (-0.31 to —0.12) < 0.001
98 wks 110 1.37 £ 0.68 147 1.15 £+ 0.69 156 1.01 &+ 1.54 —0.19 (=035 to —0.04) 0.02  —0.35 (—0.49 t0 —0.20) < 0.001
Changes in SE, Df
25 wks 106 0.39 +0.32 135 0.33 +£0.32 139 0.30 +0.29 < 0.001 —0.04 (=0.12 to 0.04) 033  —0.07 (=0.15 to 0.01) 0.09 < 0.001
49 wks 106 0.73 £ 047 135 0.60 + 0.43 139 0.50 £+ 0.31 —0.11 (=0.21 to —0.01)  0.03  —0.21 (-0.31 to —0.12) < 0.001
98 wks 93 1.33 £+ 0.69 123 1.13 £ 0.71 127 0.98 + 0.48 —0.20 (=037 to —0.03)  0.02  —0.35 (—=0.50 to —0.20) < 0.001

D = diopter; MD = mean difference; SD = standard deviation; SE = spherical equivalent.

*Calculated by full analysis set analysis, including all randomized cases excluding minimally excluded cases. The changes in SE were the absolute values of the difference from baseline to 25, 49, and 98 weeks,
respectively.

TCalculated by per protocol set analysis, including only children who completed the 49-week intervention. The changes in SE were the absolute values of the difference from baseline to 25, 49, and 98 weeks,
respectively.

iCalculated with data from right eyes.

SP value and P for trend represented the comparison among 3 groups. Estimated by the generalized estimating equation (GEE) model with the adjustment of baseline age, sex, baseline SE, outdoor time, head
tilting angle, light intensity, working distance, average duration of eye-use at close distance, parental myopia, and cluster.
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Figure 3. Changes in spherical equivalent (SE) and axial length (AL) over 98 weeks.

onset and progression.”® It has been found that children with
fast annual myopia progression was associated with a
shorter reading distance for doing near work and the lack
of a 10-minute rest period after 30 minutes of near work
by Hsu et al”’ in a population-based cohort study. Limited
evidence has supported the protective effect of increased
indoor light and improved the head titling angle against
myopia onset and progressive.”® "’ More longitudinal
studies are needed to confirm the relationship between the 2
factors with the development of myopia. Our daily behav-
iors direct intervention study results further implicated that
the improved eye-use behaviors in the reminder and feed-
back group were helpful in delaying the onset and pro-
gression of myopia in children.

Despite the widely acknowledged link between behav-
ioral risk factors and myopia, interventions aimed at health
promotion have received less attention than therapeutic in-
terventions in terms of myopia prevention and control.
Health promotion is the science of helping people change
their behavior to achieve better health. Behavior change can
be facilitated through a combination of efforts to increase
awareness and create environments that support good health
practices.”’ One key recommendation from the World
Report on Vision (2019) was the vital role that health
education campaigns play in the management of myopia
and its associated complications.””

To encourage more outdoor activities and improved eye-
use behaviors in children, there is a need to enhance parents’
and teachers’ awareness and knowledge, because school-
aged children spend most of their time at home or school.
Previous randomized controlled trials sought to promote
healthy behaviors for better myopia control through family
health education. Li et al’® provided school-based family
health education weekly via the social media platform
WeChat. In another study,” parents of children were sent
text messages twice daily for 1 year to remind them to
take their children outdoors. Unlike these 2 studies,3 3,34
the current report used an objective device to offer
simultaneous eye-use monitoring and alerts, and tailored
behavior change recommendations for each child. By
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engaging families and schools, we effectively encouraged
children to develop and maintain improved eye-use habits.
This strategy lays a foundation for fostering healthy be-
haviors in the management and prevention of myopia
among school-aged children.

Our study intervention not only includes health education
but also was based on the concept of health promotion.
Effective health promotion strategies for childhood myopia
should act on behalf of children rather than manipulate
them. It is essential for interventions to occur concurrently at
the government, school, and family levels to establish an
environment conducive to myopia prevention and control.
In contrast to the reminder only group that received only
vibration alerts, the reminder and feedback group benefited
from an environment fostered by feedback from teachers,
schools, and parents, encouraging children to adopt and
maintain healthy eye-use habits. Furthermore, to support
sustained alteration in unhealthy excessive near work, in-
terventions also concentrated on enhancing children’s self-
esteem and empowerment through a psychological reward
system. It should be noted that our current Eye-Use Monitor
does have certain costs and is not convenient for daily wear,
which affects its sustainability and scalability. However, the
primary goal of our study is to demonstrate that monitoring
and improving eye-use behavior significantly benefits
myopia prevention and control, especially through imple-
mentation in schools. In the future, the development of more
portable eye-use behavior promotion technologies could
result in a more realistic and practical model for broader use.

Limitations

This study had several limitations. First, the sample size
was calculated on the basis of the primary outcome; thus,
the secondary outcomes may not be adequately repre-
sented. Second, this study was conducted at schools in
China, and the lack of ethnic diversity among participants
limits the applicability of the findings to other settings and
ethnic groups. Further multicenter studies with a larger
sample size are needed. Third, because of the nature of the



Table 6. Changes in Axial Length, Myopia Incidence,* and Percentages of Participants with Fast Myopic Shift over 98 Weeks of Follow-up'

No./Total No. (%) (2) vs. (1) (3) vs. (1)

Control Reminder Only Reminder and ‘ Adjusted Adjusted P for
Follow-up Group (1) Group (2) Feedback Group (3) P value’ MD/OR (95% CI)* P Value® MDJ/OR (95% CI)’ P Value® Trend’
Changes in AL (Mean = SD, mm)
25 wks 0.21 £ 0.12 0.19 £ 0.10 0.19 £ 0.09 <0.001 ——0.03 (—0.06 to —0.01) 0.02 —0.02 (—0.05 to 0.00) 0.10 < 0.001
49 wks 0.40 + 0.20 0.33 £ 0.16 0.30 +£ 0.14 —0.08 (—0.12 to —0.04) < 0.001 —0.10 (=0.14 to —0.06) < 0.001
98 wks 0.68 4 0.33 0.60 & 0.31 0.58 & 0.26 —0.09 (-=0.17 to —0.01) 0.02 —0.10 (=0.17 to —0.02) 0.01
Cumulative Myopia Incidence Over 98 Wks (n/N, %)
25 wks 17/90 (18.89%) 11/125 (8.80%) 9/128 (7.03%) 0.01 0.24 (0.08 to 0.74) 0.01 0.25 (0.08 to 0.79) 0.02 < 0.001
49 wks 25/90 (27.78%) 27/125 (21.60%) 17/128 (13.28%) 0.57 (0.21 to 1.54) 0.27 0.22 (0.08 to 0.62) 0.004
98 wks 41/90 (45.56%) 51/125 (40.80%) 48/128 (37.50%) 0.82 (0.28 to 2.38) 0.71 0.54 (0.22 to 1.35) 0.19
Participants with Fast Myopic Shift (Defined as SE Myopic Shift 20.50 D Over 49 Wks and 21.00 D over 98 Wks, n/N, %)
49 wks 79/110 (71.82%) 93/147 (63.27%) 85/156 (54.49%) 0.02 0.74 (0.42 to 1.30) 0.29 0.45 (0.25 to 0.78) 0.01 < 0.001
98 wks 77/110 (70.00%) 82/147 (55.78%) 87/156 (55.77%) 0.57 (0.33 to 0.98) 0.04 0.52 (0.30 to 0.92) 0.02
Overall Good Compliance during Study Period (n/N, %)°
25 wks 100/110 (90.91%) 131/147 (89.12%) 139/156 (89.10%) 0.87
49 wks 96/110 (87.27%) 122/147 (82.99%) 126/156 (80.77%) 0.37

D = diopters; MD = mean difference; OR = odds ratio; SD = standard deviation.
*Myopia incidence was calculated as the number of children with newly developed myopia in the right eye/total number of children without myopia at baseline.
"The full analysis set, including all randomized cases excluding minimally excluded cases.

iP value and P for trend represented the comparison among 3 groups. Estimated by the GEE model with the adjustment of baseline age, sex, SE, outdoor time, head tilting angle, light intensity, working

distance, average duration of eye-use at close distance, number of myopic parents, and cluster.
8P value was estimated by Pearson’s chi-square test.
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Figure 4. Changes of eye-use behaviors among the 3 study groups.

study intervention, masking was not possible, which could
introduce bias. Parents, knowing their children were
participating in a study might have adjusted both their own
and their children’s eye-use behavior. Furthermore, wear-
ing the device could have served as a reminder for par-
ticipants to adopt healthier eye-use habits, thereby
influencing their behavior. Fourth, the Eye-Use Monitors
were only used for selected periods (2 hours during school
and 1 hour at home when doing near work). Future
research is encouraged to further expand the wearing
duration. Although contamination bias is a potential
concern because of the class-based randomization within a
single school, the structured class environment and limited
inter-class communication likely minimized its impact. In
addition, data on time spent outdoors were collected from
questionnaires, which were susceptible to recall bias.
Studies that objectively measure time spent outdoors are
encouraged in the future.

10

Conclusions

This study highlights the potential of behavioral in-
terventions in myopia control, suggesting that managing
daily eye-use behaviors can be an effective complement to
existing strategies. Integrating family and school efforts to
foster reductions in near work and use of low-light settings,
coupled with an objective and simultaneous behavior
monitoring and alert system, significantly slowed the onset
and progression of myopia in children. However, further
research is needed to explore long-term sustainability and
optimize the intervention for broader application.
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