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Effect of virtual reality-based visual training 2
for myopia control in children: a randomized
controlled trial
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Abstract

Background To assess the efficacy and safety of virtual reality-based visual training (VRVT) in myopia control among
children.

Methods The randomized, parallel-group, single-blind clinical trial conducted at the Department of Ophthalmology
of Shanghai Tenth People’s Hospital enrolled 65 low-myopic children (aged 8 to 13 years) with cycloplegic spherical
equivalent (SE) between —0.50 and —3.00 diopters (D), astigmatism less than —1.00 D, anisometropia less than 1.50D,
and best corrected visual acuity (BCVA) more than 0.0 logarithm (LogMAR) of the minimum angle of resolution. The
participants were enrolled in December 2020, and the follow-up of this study concluded on August 2021. Children
were assigned randomly to the intervention group (VRVT plus single-vision spectacle [SVS]) and the control group
(only SVS without receiving VRVT). The intervention group was administered for 20 min per day with VRVT under
parental supervision at home. The primary outcome was changes in axial length (AL) at 3 months. Macular choroidal
thickness (mCT) was regarded as a key secondary outcome.

Results Among 65 participants (mean age: 10.8 years, 52.3% male), 60 children (92.3%) who completed the
3-month intervention and 6-month follow-up were included in the analysis (30 in the intervention group and 30

in the control group). The changes of AL were 0.063 +0.060 mm (95% confidence interval [C]], 0.074 t0 0.119 mm)

in the intervention group and 0.129+0.060 mm (95% Cl, 0.107 to 0.152 mm) and in the control group at 3 months
(t=—2.135, P=0.037), and the mean difference between the two groups was 0.066 mm. The change of mCT were
22.633+36.171 um (95% Cl, 9.127 to 36.140 um) in the intervention group and —3.000+31.056 um (95% Cl, — 14.597
to 8.597 um) in the control group at 3 months (t=2.945, P=0.005). VR vertigo was the most common adverse event
which was occurred in two children (2/30, 6.67%) in the intervention group.

Conclusions VRVT is a promising method for myopia control in children with good user acceptability. Among
children aged 8 to 13 years with low-myopia, nightly use of VRVT resulted in slowing myopia progression.
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Trial registration This protocol was registered with ClinicalTrials.gov (NCT06250920), retrospectively registered on 01

February 2024.
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Introduction

Myopia, one of the most common refractive errors,
has raised significant international concern in recent
decades, which may lead to blindness due to complica-
tions of high myopia [1-3]. Myopia is mainly manifested
as the decline of distance vision, lengthening of the axial
length, and thinning of the choroid. The choroid plays an
important role in regulating eye growth and refractive
development. Previous study reported that the thinner
choroid was associated with higher amounts of myopia
[4]. Choroidal thickness has also been suggested to be
a biomarker for predicting future axial elongation (and
thus myopia progression), with reduced axial elongation
being tied to a thicker choroid, especially temporally [5].

Education and time outdoors have been regarded as
the two major risk factors for school myopia, which have
a strong and causal relationship with myopia [6]. First
of all, nearwork (such as reading and writing) at school
required more accommodation that would stimulate eye
growth [6]. Secondly, spending time outdoors in bright
light can protect against myopia development [7]. Pre-
vious studies have confirmed that visual training can
improve the accommodation to slow the progression of
myopia effectively [8]. Additionally, full-spectrum illumi-
nation has been shown to slow axial elongation in animal
models [9], which has been confirmed in our previous
study. Although the current mainstream methods includ-
ing orthokeratology and low-concentration atropine have
been proven to control myopia progression, they also
have problems such as unknown long-term safety and
infection risk [10]. It is necessary to explore non-invasive,
effective, and convenient method to slow the progression
of myopia, especially for children at high risk of develop-
ing myopia.

In medical research, virtual reality (VR) technology
has been widely used in clinical practice [11]. The train-
ing treatment and diagnosis of amblyopia and strabismus
with VR have been widely recognized [12-14]. Previ-
ous studies have shown that VR technology can simu-
late distance and near vision activities, effectively relieve
asthenopia [15]. Also, VR can cause thickening of the
choroidal thickness (possibly related to myopic defocus)
[16].

Therefore, we intend to develop a visual training
method based on VR technology, combining the con-
vergence vision training method in the solar-like full-
spectrum illumination environment, to compensate
for the time of outdoor activities and exercise the func-
tion of ciliary muscle. The report presents the results

of a randomized, parallel-group, single-blind clinical
trial to assess the efficacy and safety of virtual reality-
based visual training (VRVT) in myopia control among
children.

Methods

Study design and setting

This study was a randomized, parallel-group, single-blind
clinical trial that tried to assess the efficacy and safety
of VRVT for myopia control which was conducted in
Shanghai, eastern China for 3 months. It was registered
at Clinicaltrials.gov (NCT06250920) and followed the
tenets of the Declaration of Helsinki and CONSORT
guidelines. Poster advertisements were used to inform
and recruit participants at the study site. Participants
were randomly assigned to either the intervention group
(receiving 20 min of VRVT per day) or the control group
(only SVS without receiving VRVT). The participants
were enrolled in December 2020, and follow-up was
completed in August 2021. All children submitted a writ-
ten informed consent form signed by themselves and
their parents or guardians. All examinations at baseline
and follow-up visits were performed by the same exam-
iners using the same protocol and equipment through-
out. Investigators and key personnel involved in the
present study were trained before the study commence-
ment. This study was approved by the Ethics Committee
of Shanghai Tenth People’s Hospital (identifier, SHSY-
IEC-4.1/20-260/01). All the datasets used throughout
the study were identified before being transferred to the
study investigators.

Participants
Eligible participants were children aged 8 to 13 years with
myopia of cycloplegic spherical equivalent (SE) between
—0.50 diopters (D) and —3.00 D, astigmatism less than
—1.00 D, anisometropia less than 1.50D, and best cor-
rected visual acuity (BCVA) more than 0.0 logarithm
(LogMAR) of the minimum angle of resolution in either
eye. Participants were willing to participate in the study
and accept random allocation in grouping. They were
asked to return to the hospital at recruitment, 1 month,
3 months, and 6 months (3 months after the end of all
interventions) to cooperate with data collection.
Children were excluded if they had ocular diseases,
such as amblyopia, strabismus, binocular vision abnor-
malities, and other ocular abnormalities in either eye.
Children who were using orthokeratology or other opti-
cal methods for myopia control, and with systemic



Xu et al. BMC Ophthalmology (2024) 24:358

diseases (e.g., endocrine, cardiac, respiratory diseases)
and developmental anomalies were also excluded.

Randomization and masking

Eligible children were allocated randomly to either the
intervention or the control group with the random num-
ber table method, after verifying participant eligibil-
ity and obtaining written informed consent. Due to the
nature of the intervention, participants and their guard-
ians were aware of the study allocation. The intervention
group of the participants was unknown to the outcome
assessor (e.g., optometrists, and statisticians).

Intervention

All children were required to wear single-vision specta-
cles for participation throughout the study and updated
their spectacles if needed. Children in the interven-
tion group were instructed to receive VRVT, who were
administered at home under the supervision of parents
for 20 min per day with VRVT. Children in the control
group lived without receiving VRVT. With the VR tech-
nology, twelve different scenarios were constructed in the
solar-like full-spectrum illumination scenes, which have
various training sessions and purposes. When the chil-
dren’s binocular fixation point focuses on the set object
like a butterfly, for a certain period of time, it will cause
the object to move systematically (Supplement 1). Chil-
dren were asked to follow the movement of the object
with binocular fixation. The intervention adopted a vir-
tual reality visual training system.

In the intervention group, children were asked to
record a single English word that appeared randomly and
feedback to investigators and their parents during the last
training session every day for 3 months, and this method
was used to ensure compliance with the intervention.

Study outcomes and adverse events

The outcome was the efficacy and safety of VRVT in
myopia control. The primary outcome was changes in
axial length (AL) at 3 months. Macular choroidal thick-
ness (mCT) was regarded as a key secondary outcome.
Children who underwent at least 1 session of VRVT
intervention were analyzed for safety. A questionnaire on
adverse events, including but not limited to VR vertigo
and asthenopia, was collected from children at each fol-
low-up and any unplanned visits if needed.

Measurements

Professional optometrists performed all examinations,
including uncorrected visual acuity (UCVA) and BCVA
at a standard testing distance of 4 m, near visual acuity
(NVA) at 40 cm, non-cycloplegic and cycloplegic auto-
refraction (KR-8900, Topcon, Japan), non-contact intra-
ocular pressure (IOP) measurement (CT-IP, Topcon,
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Japan). After 1 drop of 0.5% Alcaine (Alcon, Fort Worth,
USA), the cycloplegic agent used in this study was 1%
cyclopentolate hydrochloride (Alcon, Fort Worth, USA);
one drop was applied every 5 min for a total of three
drops. Before observing pupil response and diameter,
participants were asked to close their eyes and rest for
30 min. When the pupillary response disappears or the
pupil diameter is greater than 6 mm, auto-refraction can
be performed. The spherical equivalent was calculated as
spherical power plus half of the cylinder power.

The axial length (AL) and anterior chamber depth
(ACD) were measured using laser interferometry (IOL-
Master 700, Carl Zeiss Meditec AG, Germany) which
were measured three times and averaged. The subfoveal
choroidal thickness (the distance between outer choroid
episcleral margin and retinal pigment epithelium Bruch’s
complex) was performed by enhanced depth imaging
optical coherence tomography (CIRRUS HD-OCT 5000,
Carl Zeiss Meditec AG, Germany). It was measured by
the built-in measurement software. The measured data
will be accepted when the image signal intensity index is
more than 7. Stereoacuity was assessed by using the Tit-
mus test (Stereo Optical Co., USA). All study data were
collected at recruitment, at 1 month, at 3 months, and 6
months.

Sample size

Based on the preliminary studies, the change of AL was
estimated to be 0.10 mm and 0.15 mm for the interven-
tion and the control group respectively after 3 months. A
sample size of 50 participants (25 per group) was selected
to achieve 90% power at a significance level of 0.05. The
final sample size of 60 participants (30 per group) was
selected after factoring in a projected attrition rate of
20%.

Statistical analysis

Participants’ baseline demographic information and ocu-
lar parameters were summarized using descriptive sta-
tistics. Continuous variables were reported in terms of
means, SDs, and 95% confidence interval (CI). Categori-
cal variables were reported in frequencies and percent-
ages. The independent-sample t-test was used to compare
differences between the groups.

Intervention efficacy was calculated by dividing the
between arm difference in values by the control arm
value. Right eyes that met the enrollment criteria were
used as the outcome data representing the participant. If
the right eye did not meet inclusion criteria or if right eye
data were missing, left eyes were used instead (n=2). All
adverse events were reported individually in detail.

All P-values were 2-sided and considered statisti-
cally significant when the values were 0.05. All statistical
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analyses were performed using SPSS Statistics software
(version 25.0, IBM Corp., USA).

Results

Participant disposition and baseline characteristics

Of the 83 individuals assessed for eligibility, 65 low-
myopic children were enrolled (Fig. 1). After verifying
participant eligibility, 60 participants (92.3%, mean age:
10.8 years, 52.3% male) completed the 3-month study,
consisting of 30 children (93.8%) in the VRVT group and
30 children (90.9%) in the control group. At baseline, the
characteristics of the participants were similar in the two
groups (Table 1). A total of two children in the VRVT
group lost contact because of COVID-19, and three chil-
dren in the SVS group switched to orthokeratology after
their myopia progressed. The baseline characteristics of
those included and excluded in the analysis were not sta-
tistically significantly different among the two groups.

Study outcome

The mean AL increases were 0.063+£0.060 mm (95%
CI, 0.074 to 0.119 mm) in the VRVT group and
0.129+£0.060 mm (95% CI, 0.107 to 0.152 mm) in the
control group at 3 months (t=—2.135, P=0.037), shown
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in Table 2; Fig. 2. The mean difference in axial elongation
between the two groups was 0.066 mm. At the 6-month
follow-up (3 months after the end of the VRVT interven-
tion), the axial growth in the VRVT group was no differ-
ent than the control group (t=—1.382, P=0.172).

At the 3-month follow-up visits, there were sig-
nificant differences in mCT changes between the two
groups. The change of mCT were 22.633+£36.171 pum
(95% CI, 9.127 to 36.140 pum) in the VRVT group and
—3.000+31.056 pm (95% CI, —14.597 to 8.597 pm) in the
control group (t=2.945, P=0.005). At the next follow-up,
the VRVT group showed a continuous thickening, while
the control group continued to thin (¢=1.476, P=0.145).

In other ocular characteristics, UCVA and NVA of the
VRVT group were improved —0.06710.127 LogMAR
(95% CI, —0.114 to —0.019 LogMAR, t=-4.480, P=0.000)
and —0.080+0.096 LogMAR (95% CI, —0.116 to —0.044
LogMAR, t=-2.168, P=0.034 ) compared with that
before training at 3 months.

Adverse events and intervention compliance

During the study, VR vertigo was the most common
adverse event which was reported by two children (2/30,
6.67%) in the VRVT group. No children experienced

83 Children assessed for eliatbility

18 Excluded

11 SE not meet screening criteria

3 Discomfort during the VRVT intervention
2 Had previous myopia control intervention
2 Strabismus

65 Children Randomized

|

32 Randomized to the VRVT group

k.

32 Completed 1-month follow-up

2 Withdrew

~ Refused to follow-up due to COVID-19

4

30 Completed 3- and 6-month follow-up

Y

30 Included in primary outcome analyses

Fig. 1 Flowchart for children’s recruitment

|

33 Randomized to the SVS group

1 Withdrew
Orthokeratology intervention

32 Completed 1-month follow-up

1 Withdrew
Orthokeratology intervention

30 Completed 3- and 6-month follow-up

30 Included in primary outcome analyses
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Table 1 Demographics and baseline ocular characteristics between the Virtual Reality Visual Training Group and Single-Vision

Spectacle Group

All Patients Randomly Assigned

Characteristic Virtual Reality Visual Training Group (n=30) Single-Vision Spectacle Group (n=30) t(x? P
Age (yrs) 10.53+1.57 10.67£1.30 -0.359 0.721
Gender
Male 16 (53.3%) 15 (50.0%) 0.067 0.796
Female 14 (46.7%) 15 (50.0%)
UCVA (LogMAR) 047+0.25 036+0.21 1811 0.075
NVA (LogMAR) 0.18+0.07 0.15+0.09 1.296 0.200
Cycloplegic SE (D) -1.90£1.05 -1.85+£0.88 -0.183 0.855
Non-cycloplegic SE (D) -2.20+£0.99 -2.12+0.88 -0.333 0.740
AL (mm) 24.66+0.64 2434+0.73 1.794 0.078
mCT (um) 290.77 £48.25 310.7+4252 -1.701 0.094
IOP (mmHg) 17.04+2.02 17.30£3.02 -0.392 0.697

Abbreviations: UCVA=uncorrected visual acuity; NVA=near visual acuity; SE=spherical equivalent; AL=axial length; mCT=macular choroidal thickness;
IOP=intraocular pressure; LogMAR=logarithm of the minimum angle of resolution; D=diopter; mm=millimeter; nmHg=millimeters of mercury

Data are presented as mean standard deviation or number (%)

Table 2 The changes in ocular characteristics in the Virtual Reality Visual Training Group and Single-Vision Spectacle Group over 6

months

Ocular Characteristics

Virtual Reality Visual
Training Group (n=30)

Single-Vision Spectacle Mean Difference (95% Cl) t P

Group (n=30)

AL (mm)
1 month 0.033+0.043 0.041+0.039
3 months 0.063+0.060 0.129+0.060
6 months 0.166+0.109 0.204+0.104
mCT (um)
1 month 11.901+21.878 0.667+15.823
3 months 22.633+£36.171 -0.301+31.056
6 months 8.233+34.631 -3.933+28953
UCVA (LogMAR)
1 month -0.060+0.163 0.030+0.144
3 months -0.067£0.127 0.097+0.154
6 months -0.027+0.148 0.107+0.166
NVA (LogMAR)
1 month -0.047£0.078 0.020+0.096
3 months -0.080+0.096 -0.027 +£0.094
6 months -0.083+0.083 -0.020+0.099

-0.007 (-0.028 to 0.137) -0.697 0.488

-0.033 (-0.064 to -0.002) -2.135 0.0372
-0.038 (-0.093 t0 0.017) -1.382 0.172

11.233 (1.366 to 21.101) 2.279 0.0272
25.633 (8.202 to 43.065) 2.945 0.005°
12.167 (-4.341 to 28.674) 1476 0.145

-0.090 (-0.170 to -0.010) -2.264 0.027°
-0.163 (-0.236 to -0.090) -4.480 0.000?
-0.133 (-0.215 t0 -0.052) -3.280 0.002°
-0.067 (-0.112t0 -0.215) -2.955 0.005?
-0.053 (-0.103 to -0.004) -2.168 0.034°
-0.063 (-0.111 t0 -0.016) -2.670 0.010°

Abbreviations: AL=axial length; mCT=macular choroidal thickness; UCVA=uncorrected visual acuity; NVA=near visual acuity; LogMAR=logarithm of the minimum

angle of resolution; mm=millimeter; CI=confidence interval
2 Represents statistically significant (P<0.05)

asthenopia due to VR visual training. Under the super-
vision of parents, all children in the VRVT groups com-
pleted the training requirements well.

Discussion

The study explored and verified a new method of apply-
ing virtual reality technology with visual training to
myopia control. Among low-myopic children (aged 8 to
13 years), the VRVT intervention represented the reduc-
tion in axial elongation compared with the control group
(0.063+0.060 vs. 0.129+0.060) in this 3-month random-
ized controlled trial.

Possibility of VR for myopia control

Virtual reality, based on the principle of binocular dis-
parity, is implemented by a head-mounted display with
characteristics of immersion, interaction, and concep-
tion [17]. The possibility of VR for myopia prevention
and control has attracted attention in past studies [16,
18]. In our study, the outdoor activities environment
built with VR technology can make up for the reduction
of outdoor activities time accompanied by study pres-
sure. The standardized visual training link realized with
VR technology can break through the limitations of tra-
ditional visual training conditions of sites and time. The
solar-like full-spectrum illumination environment and
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Fig. 2 The changes in the (A) macular choroidal thickness (mCT), (B) axial length (AL), (C) uncorrected visual acuity (UCVA), and (D) near visual acuity
(NVA) against different time points in the virtual reality visual training (VRVT) and single-vision spectacle (SVS) groups

the light brightness suitable for eye development can
be simulated by using the advantages of spectral com-
ponents and screen brightness. And full-spectrum illu-
mination has been shown to slow axial elongation in
our previous and other studies [9]. Children exposed to
>10,000 light intensity for 3 h per day have been proven
to be effective in slowing down the occurrence of myopia
[19, 20]. The reason may be that high-intensity light pro-
motes the secretion of dopamine, thereby slowing down
the progression of myopia. Some studies have also shown
that it may be that high-intensity light can induce mydri-
asis, which in turn increases the depth of field, thereby
improving the situation of visual blur and delaying the
occurrence of myopia [21, 22].

Changes in ocular characteristics

Axial elongation is the primary factor driving myopic
progression, which has been fully confirmed in clini-
cal trials and myopic animal models [10]. The aim of
myopic prevention and control is to delay the growth
of axial length [10]. Studies have shown that there is a
close relationship between myopia and choroidal thick-
ness. With the increase of diopter and axial length, cho-
roidal thickness showed a gradual thinning trend [23].
In this study, VRVT intervention showed a good control
effect in delaying axial elongation and choroidal thin-
ning, and UCVA and NVA were improved, which were
well maintained at the end of the study follow-up. It may
be related to the phenomenon that VR technology forms

a myopic defocus state of the peripheral retina relative
to the macular fovea, thereby preventing compensatory
axial elongation [15]. At the same time, the light environ-
ment promotes the secretion of dopamine, which helps
to increase the blood supply of the choroid in the eye
and thickens the choroidal thickness. We also found the
thickening of choroidal thickness in the VRVT group,
so we speculated that its thickening could be a potential
mechanism for myopia control, which has been identi-
fied as a potential predictor for treatment response to
atropine eye drops and orthokeratology in myopic eyes
in previous studies [4]. Due to the limitation of the study
time and COVID-19, the changes in cycloplegic SE and
the long-term intervention effects of axial length and
choroidal thickness need to be further evaluated. In the
future, targeted adjustment of light intensity and plan-
ning of training time may be an effective way to further
improve the effect of VRVT intervention [18].

Efficacy in comparison with other interventions

Orthokeratology, specially designed spectacles, and low-
concentration atropine eye drops are the most commonly
used interventions for myopia [10]. Although they have
shown varying degrees of myopia control efficacy in the
evidence of randomized controlled trials, challenges still
exist. Orthokeratology, through its special lens design,
can cause myopic defocus in the peripheral retina, but
there is a significant risk of infection [24]. Based on prin-
ciples such as peripheral retinal myopic defocus, specially
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designed spectacles put forward certain requirements
for wearing habit and duration, which are closely related
to the effect of myopia control [25]. Low-concentration
atropine has shown good potential in the control of myo-
pia in children [26], but the accompanying photophobia,
near blur, rebound effects, and unknown adverse reac-
tions are the negative effects that have been widely dis-
cussed [27]. The repeated low-level red-light therapy has
been reported with a certain effect on myopia control,
but whether the “light” will cause changes in the struc-
ture of the fundus needs to be observed for a long time
[28]. Due to the differences in study designs, it is difficult
to directly compare the results of studies on these inter-
ventions. However, VRVT has the advantages of non-
invasiveness, non-contact, and relatively few side effects.
It may be a new and effective way to control myopia with
a stronger competitiveness.

Safety

During the study, VR vertigo was the most common
adverse event which was reported by two children
(2/30, 6.67%) in the VRVT group. It is a common poten-
tial effect of VR, which is caused by the inconsistency
between the effect seen visually and the condition per-
ceived internally in the body, and the mechanism has
not been elucidated [29]. However, no children withdrew
from the intervention due to VR vertigo. During the fol-
low-up period of 6 months, no adverse reactions such as
decreased BCVA and ocular organic lesions occurred in
children.

Limitations

This study has several limitations. First, the duration of
the study was designed as 3 months which may not be
long enough to observe myopic control effects. Second,
the study was conducted in part during the COVID-19
pandemic, which made cycloplegic refraction difficult
to collect. It was found to be associated with increasing
myopic risk in children and may had an impact on the
intervention effect of myopia [30]. Third, the effects of the
myopia intervention were found only in the intervention
protocol used in this study. Whether other intervention
duration, intervention frequency, and other light levels
have similar or even better intervention effects is worth
exploring. Fourth, possible stop and rebound effects or
carry-on effects need to be investigated. Fifth, the sam-
ple size was determined based on the primary outcomes,
and caution is warranted in interpreting the power of the
results for secondary outcomes. Sixth, this was a single-
center study, and external validation at multiple centers
was necessary. Finally, the participants were all Chinese,
and the general applicability of the VRVT intervention to
children of other ethnic groups other than Chinese needs
to be further explored.
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In conclusion, VRVT intervention is a novel, non-inva-
sive, effective, and convenient method for myopia control
and has good user acceptance, among Chinese children
aged 8 to 13 years with low myopia. Further multi-cen-
ter and large sample-size research is needed to replicate
its long-term efficacy and potential underlying mecha-
nisms and to assess safety. Whether the intervention can
be used to prevent the occurrence of myopia will be the
focus of future research.
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