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One-year myopia control efficacy of spectacle lenses

®

OPEN ACCESS

» Additional material is
published online only. To view
please visit the journal online
(http://dx.doi.org/10.1136/
bjophthalmol-2020-318367).

"Eye Hospital and School of
Ophthalmology and Optometry,
Wenzhou Medical University,
Wenzhou, Zhejiang, China
“Wenzhou Medical University—
Essilor International Research
Center (WEIRC), Wenzhou
Medical University, Wenzhou,
Zhejiang, China

’R&D AMERA, Essilor
International, Singapore

Correspondence to

Professor Hao Chen and
Professor Fan Lu, Eye Hospital
and School of Ophthalmology
and Optometry, Wenzhou
Medical University, Wenzhou,
China; chenhao@mail.eye.ac.cn,
Lufan62@mail.eye.ac.cn

JB and AY contributed equally.

Received 9 November 2020
Revised 28 February 2021
Accepted 1 March 2021
Published Online First

2 April 2021

| '.) Check for updates

© Author(s) (or their
employer(s)) 2022. Re-use
permitted under CC BY-NC. No
commercial re-use. See rights
and permissions. Published

by BMU.

To cite: Bao J, Yang A,
Huang Y, et al.

Br J Ophthalmol
2022;106:1171-1176.

with aspherical lenslets

Jinhua Bao,"* Adeline Yang,*? Yingying Huang

"% Xue Li,"* Yiguo Pan, "

Chenglu Ding,"* Ee Woon Lim,** Jingwei Zheng,' Daniel P Spiegel, > Bjérn Drobe,**

Fan Lu @ ,"? Hao Chen @ '

ABSTRACT

Aims To evaluate the 1-year efficacy of two new
myopia control spectacle lenses with lenslets of different
asphericity.

Methods One hundred seventy schoolchildren aged
813 years with myopia of —0.75 D to —4.75 D were
randomised to receive spectacle lenses with highly
aspherical lenslets (HAL), spectacle lenses with slightly
aspherical lenslets (SAL), or single-vision spectacle lenses
(SVL). Cycloplegic autorefraction (spherical equivalent
refraction (SER)), axial length (AL) and best-corrected
visual acuity (BCVA) were measured at baseline

and 6-month intervals. Adaptation and compliance
questionnaires were administered during all visits.
Results After 1 year, the mean changes in the

SER (+SE) and AL (+SE) in the SVL group were
—0.81+0.06 D and 0.36+0.02 mm. Compared with
SVL, the myopia control efficacy measured using

SER was 67% (difference of 0.53 D) for HAL and
41% (difference of 0.33 D) for SAL, and the efficacy
measured using AL was 64% (difference of 0.23 mm)
for HAL and 31% (difference of 0.11 mm) for SAL

(all p<0.01). HAL resulted in significantly greater
myopia control than SAL for SER (difference of 0.21 D,
p<0.001) and AL (difference of 0.12 mm, p<0.001).
The mean BCVA (-0.01+0.1 logMAR, p=0.22) and
mean daily wearing time (13.2+2.6 hours, p=0.26)
were similar among the three groups. All groups
adapted to their lenses with no reported adverse
events, complaints or discomfort.

Conclusions Spectacle lenses with aspherical lenslets
effectively slow myopia progression and axial elongation
compared with SVL. Myopia control efficacy increased
with lenslet asphericity.

Trial registration number ChiCTR1800017683.

INTRODUCTION

The prevalence of myopia has been increasing in
East Asia and other parts of the world, with rates
of myopia and high myopia projected to reach
approximately 50% and 10% of the global popu-
lation, respectively, in 2050." With uncorrected
myopia incurring about US$244 billion in 2015,
the economic impact of this myopia epidemic
will increase substantially,” as well as the risk of
myopia-related pathologies, such as glaucoma,
myopic macular degeneration and retinal detach-
ment.>* The use of myopia control interventions®
can help reduce severity of myopia, which poten-
tially diminishes the risk of these pathologies.®*

Research in animal models has shown that
numerous properties of optical defocus, such
as sign, degree and retinal distribution, have
substantial effects on eye growth. The sign of
the imposed optical defocus, that is, whether the
focal plane is in front of or behind the retina, has
a different effect on eye growth. Myopic defocus
tends to slow eye growth, whereas hyperopic
defocus drives eye elongation,®” and the larger
the amount of defocus the stronger effect on eye
growth.® Observations from animal studies also
showed that when the eye was presented with
equal amounts of competing defocus, myopic
defocus produced a stronger effect than hyper-
opic defocus, resulting in slower eye growth.” 1

Two other studies in animals investigated the
effect of aspherical lenses with a power gradient
on emmetropisation.’ > Instead of focusing
light on two distinct surfaces, as in the case of
competing defocus lenses, these aspherical lenses
deviate rays of light continuously in a nonlinear
manner that creates a three-dimensional quan-
tity of light in front of the retina, which we call
volume of myopic defocus (VoMD) in this paper.
Greater asphericity, that is, a larger VoMD,
reduces lens-induced myopia in chicks.'' '* Many
of the findings from animal studies have been
used to design myopia control interventions in
humans, such as specific spectacle lenses'® '* and
contact lenses.' '

Building on previous findings and based on
optical modelling, we tested two different spectacle
lens designs for myopia control that induce two
different VoMD through two types of aspherical
lenslets (figure 1). The purpose of this article is to:
(1) compare 1-year change in spherical equivalent
of cycloplegic autorefraction (SER) and axial length
(AL) between single-vision spectacle lenses (SVL)
and two spectacle lenses with different VoMD
values based on optical modelling, (2) to test the
hypothesis that aspherical lenslets slow myopia
progression in a dose-dependent manner and (3) to
report the initial outcome of best-corrected visual
acuity (BCVA), adaptation and compliance of using
lenses with aspherical lenslets.

MATERIALS AND METHODS

Study oversight

This study started in July 2018 and is ongoing at
the Eye Hospital of Wenzhou Medical University.
A data and safety monitoring committee (DSMC)
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Figure 1

lllustration of the study device providing a volume of
myopic defocus (VoMD) (white shell) in front of the retina through

11 concentric rings of contiguous lenslets (A=depth of VoMD and
B=distance from the retina). The calculations for the lenslets were based

on the modified Atchison eye model*? using a retinal shape modified to

match the peripheral refraction data of Chinese children.** Spectacle
lenses with highly aspherical lenslets (A=0.7 mm and B=1.2 mm),
spectacle lenses with slightly aspherical lenslets (A=0.3 mm and B=1.0
mm) (illustrated and authorised by Dr. Damien Paillé from R&D AMERA,
Essilor International).

oversees the trial and reviews the trial data for patient safety at
regular intervals.

Study design

This 2-year clinical trial was designed to be a randomised,
controlled, double-masked study with follow-up visits every
6 months and a planned interim analysis after 12 months by
the DSMC. Potentially eligible children were referred from
the hospital to attend a screening visit. The following inclu-
sion criteria were used: cycloplegic SER between —0.75
D and —4.75 D; astigmatism of cycloplegic autorefraction
not exceeding 1.50 D; anisometropia not exceeding 1.00 D
based on SER; monocular BCVA of 0.05 logMAR or better at
distance for both eyes; absence of ocular pathology; absence
of binocular vision issues; and no history of ocular surgery or
use of myopia control measures. Eligible participants enrolled
in the study were assigned to receive spectacle lenses with
highly aspherical lenslets (HAL), spectacle lenses with slightly
aspherical lenslets (SAL), or SVL in a 1:1:1 ratio using adap-
tive randomisation with online software (www.rando.la) to
balance treatment groups based on baseline right-eye refrac-
tive error, mean age and gender. Masked examiners performed
cycloplegic autorefraction and AL measurements. Spectacles
were not labelled to identify the treatment group assigned.
Identifiable data were removed with only outcome variables
and treatment group provided to the DSMC for interim anal-
ysis by the study manager in charge of lens logistics.

Interventions

All spectacle lenses were made of polycarbonate. HAL and SAL
treatment spectacle lenses have a spherical front surface with 11
concentric rings formed by contiguous aspherical lenslets (diam-
eter of 1.1 mm). The area of the lens without lenslets provides
distance correction. The geometry of aspherical lenslets has

been calculated to generate a VoMD in front of the retina at any
eccentricity, serving as a myopia control signal (figure 1).

Outcome variables

The objective ophthalmic parameters collected at each visit were
SER and AL before dispensing. Baseline measures, such as near
horizontal phoria (33 cm, modified Thorington technique),
lag of accommodation (33 cm, calculated using equations'”),
distance and near BCVA using best-corrected study device, were
collected after dispensing (online supplemental methods). The
main outcome variables were changes in SER and AL from base-
line. SER (sphere plus half-cylinder of the mode of 10 measure-
ments using a Topcon KR-800, Topcon Corporation, Japan) was
measured at least 30 min after instillation of two drops of 1%
cyclopentolate administered 5 min apart. AL was measured by
calculating the average of five measurements obtained using a
Lenstar LS900 instrument (Haag-Streit AG, Switzerland).

The secondary outcome variables include BCVA during
dispensing visits, time needed to adapt to the lenses (no reported
complaints or discomfort) and compliance (self-reported daily
wearing hours per week) during 6-month follow-up visits.
Distance BCVA using manifest refraction with study device
was measured using a multifunctional VA tester (MFVA-100;
BriteEye Medical Tech Co., Shenzhen, China)'® under 80 cd/m*
at a distance of 5.5 m. Near BCVA was measured using 100%
contrast ETDRS (Precision Vision, USA) near chart at 40 cm
under 200 lux (online supplemental methods). The examiners
administered a questionnaire to the participants during 6-month
and 12-month visits to assess the wearing hours during each
6-month period for compliance and duration to adapt to the
lenses with feedback provided for adaptation (online supple-
mental eTable 2). Average daily wearing hours for each 6-month
period was based on self-report of the participant. The average
daily wearing hours were calculated based on the total daily
wearing time in a week in the 6-month period: ((6-month weekly
total + 12-month weekly total)/2 periods/7 days). A phone inter-
view was also conducted 3 days and 2 weeks after dispensing
to ensure and record adaptation outcomes (online supplemental
eTable 1). Adaptation was reported based on phone interview
and 6-month self-responded questionnaires. Adaptation was
defined as wearing the study device with no discomfort, prob-
lems and decrease in visual acuity.

Sample size

The minimum sample size was 150, based on projections of a
33% reduction in the amount of SER and AL progression for
treatment groups compared with control group and a mean SER
progression of 1.50 D with a SD of 0.75 D and converted AL
progression of 0.6 mm with a SD of 0.02 mm after 2 years in the
control group based on previous findings." *° This was based on
a two-sided statistical test with a 1% type I error threshold, 90%
power and a 10% drop-out rate.”” !

Statistical analysis
All data from patients who completed 1-year follow-up were
analysed. The mean values for ocular parameters measured in
the right eye were used, as no significant differences in changes
in SER (mean difference of —0.006 D, p=0.82; correlation
between eyes, r=0.71, p<0.001) and AL (mean difference of
0.01 mm, p=0.19; correlation between eyes, r=0.84, p<0.001)
were observed between eyes.

The change in parameters was defined as the difference
between baseline and corresponding follow-up measurements.
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- 1 moved out of town

- 1 refused cycloplegia
- 1 moved out of town

I

Analysis
v v v
54 Analyzed 55 Analyzed 52 Analyzed

Figure 2 Consolidated Standards of Reporting Trials flow chart of the study, showing participant randomisation, treatment group assignment,
follow-up visits and data analysis. (Two participants switched to new spectacles because they wanted trendier frames instead of those provided
by the study.) HAL, spectacle lenses with highly aspherical lenslets; PAL, progressive addition lenses; SAL, spectacle lenses with slightly aspherical

lenslets; SVL, single-vision spectacle lenses.

The % test and analysis of variance with post hoc Bonferroni
test were used to assess intergroup differences in categorical and
continuous variables, respectively. Our analysis was performed
using complete case data without imputation for missing data
and dropouts. We performed analyses using a linear mixed
model, adjusted for baseline age, gender, SER, AL, age of myopia
onset and the number of parents with myopia to evaluate the
treatment effect. IBM SPSS Statistics for Windows, V.24.0 (IBM
Corp. Released 2016, Armonk, New York, USA: IBM Corp), was
used for data analysis. Two-sided p values of less than 0.05 were
considered as statistically significant. The difference between
treatment groups was adjusted using step-down Bonferroni
method.

RESULTS

Study population

One hundred seventy children with myopia and a mean (£SD)
age of 10.4=1.2 years, range 8—13 years old, were referred from
the hospital based on the inclusion criteria and randomised
among the HAL (n=58), SAL (n=57) and SVL (n=3535; figure 2)
groups. The SAL group included a higher proportion of girls and
shorter AL than the other groups (table 1).

Of the 170 randomised children, only 167 were dispensed
with the study equipment. Three children discontinued: one had
intermittent exotropia that was not apparent during screening,
one belatedly reported a history of using myopia control and one
dropped out. At the 1-year visit, 161 participants had completed
their visits, whereas six participants did not; the participants
who did not attend the follow-up comprised two (3.6%), one
(1.8%) and three (5.5%) participants from the HAL, SAL and
SVL groups, respectively (figure 2). Reasons for drop-out were
not related to the study device.

Changes in SER
Table 2 presents the mean (*SE) changes in myopia (1 year)
for 161 participants randomised to one of three groups in the

study. Significant differences were observed among the treat-
ment groups (F(2, 158)=20.58, p<0.001). Both the HAL and
SAL groups exhibited less SER progression (by 0.53 D and 0.33
D, respectively; both p<0.001) than the SVL group. In addition,
the HAL group displayed less SER progression than the SAL
group by a difference of 0.21 D (p=0.04; table 2).

In the linear mixed model analysis, baseline age was signifi-
cantly associated with SER progression (p=0.02). The
model-adjusted mean changes in SER were —0.30+0.06 D,
—0.48+0.06 D and —0.79+0.06 D for the HAL, SAL and
SVL groups, respectively (figure 3), with a significant effect of
lens design (F(2, 154.45)=18.94, p<0.001). Compared with

Table 1 Baseline characteristics of participants who completed the
12-month follow-up in each treatment group

HAL SAL SVL
(n=54) (n=55) (n=52)
Age (years) 10.7+0.2 10.1+0.2 10.4+0.2
Gender
Male, % (n) 48 (26) 33(18) 56 (29)
Cycloplegic SER (D) -2.70+0.14  -2.31+0.13  -2.46+0.12
AL (mm) 24.76+0.09  24.43+0.10  24.77+0.09
*Near phoria (A) -2.36+0.90 -2.24+0.88 —1.86+0.92
*Accommodative lag at 33 cm (D)  0.94+0.05 1.09+0.04 1.03+0.05
Age of myopia onset (years) 9.3+0.2 9.3+0.2 9.4+0.2
Myopic parents, % (n)
0 33(18) 22 (12) 23 (12)
1 37 (20) 42 (23) 37(19)
2 30 (16) 36 (20) 40 (21)

Data are presented as the means+SEs, unless stated otherwise.

*Measured using the best corrected study device after dispensing.

A, prism diopters; AL, axial length; D, diopters; HAL, spectacle lenses with highly
aspherical lenslets; SAL, spectacle lenses with slightly aspherical lenslets; SER,
spherical equivalent refraction; SVL, single-vision spectacle lenses.
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Table 2 Unadjusted mean changes in SER and AL in each treatment
group

HAL SAL SVL
(n=54) (n=55) (n=52) P value
Cycloplegic SER (D)
6 months -0.10+0.04 -0.17+0.04 -0.34+0.04 <0.001*
12 months -0.27+0.06 —0.48+0.05 -0.81+0.06 <0.001*
AL (mm)
6 months 0.08+0.01 0.14+0.01 0.20+0.01 <0.001*
12 months 0.13+0.02 0.25+0.02 0.36+0.02 <0.001*

Data are presented as the means+SEs.

*The differences in changes in cycloplegic refractive error and axial elongation between treatment groups were all
statistically significantly different at 6 and 12 months.

AL, axial length; D, diopters; HAL, spectacle lenses with highly aspherical lenslets; SAL, spectacle lenses with slightly
aspherical lenslets; SER, spherical equivalent refraction; SVL, single-vision spectacle lenses.

SVL, the adjusted differences in mean SER were 0.50 D (63%,
p<0.001) and 0.32 D (40%, p<0.001) in the HAL and SAL
groups, respectively. Pearson’s correlation analyses showed that
age (r=—0.43, p=0.002) was negatively correlated with the
changes in SER (faster progression in younger participants) only
in the SVL group, but not in the HAL (r=—0.18, p=0.20) and
SAL (r=-0.22, p=0.11) groups.

Changes in AL

Table 2 presents the mean (£SE) unadjusted increases in AL (1
year) for 161 participants randomised to one of three groups
in the study. Similar to SER, a significant difference (F(2,
158)=26.50, p<0.001) was observed among the treatment
groups. Compared with SVL, HAL and SAL reduced AL elon-
gation by 0.23 mm and 0.11 mm, respectively (both p<0.001;
table 2). Furthermore, HAL resulted in less AL elongation than
SAL by 0.12 mm (p=0.001).

In the linear mixed model analysis, baseline age (p=0.001) and
age of myopia onset (p=0.01) were significantly associated with
AL elongation. After adjustment, the mean changes in AL were
0.14%0.02 mm, 0.24+0.02 mm and 0.35+0.02 mm for partici-
pants wearing HAL, SAL and SVL, respectively, with 61% (0.21
mm, p<0.001) and 31% (0.11 mm, p=0.001) reductions in AL
elongation in the HAL and SAL groups compared with the SVL
group (figure 3). HAL produced less AL elongation than SAL
by 0.11 mm (43%, p=0.001). A younger age (SVL, r=—0.55,
p<0.001; SAL, r=-0.47, p<0.001) and earlier age of myopia
onset (SVL, r=—0.38, p=0.005; SAL, r=—0.33, p=0.01) were
correlated with greater AL changes in the SVL and SAL groups,
but not in the HAL group.

-~ -HAL - -SAL —SVL

Change in Spherical Equivalent Refraction (D)

oM 12M

Figure 3  Adjusted mean change from baseline spherical equivalent
refraction (left panel) and axial length (right panel) in each treatment
group over a 1-year period. Error bars represent 1 SE of the mean. 0
M=0-month baseline; 6 M=6-month follow-up; 12 M=12 month follow-
up. HAL, spectacle lenses with highly aspherical lenslets; SAL, spectacle
lenses with slightly aspherical lenslets; SVL, single-vision spectacle
lenses.

Distribution of participants with myopia progression

Twenty per cent of participants in the HAL group, 4% in the
SAL group and none in the SVL group experienced a hyper-
opic shift (decrease of myopia). The percentages of participants
without changes in SER were 8% in the HAL group, 7% in the
SAL group and 2% in the SVL group. Notably, 72% of partic-
ipants in the HAL group, 89% in the SAL group and 98% in
the SVL group experienced a myopic shift (online supplemental
eFigure 1). The percentages of participants who did not display
an increase in AL were 28% in the HAL group, 9% in the SAL
group and 0% in the SVL group. A decrease in AL was observed
in 26% of participants in the HAL group, 5% in the SAL group
and 0% in the SVL group (online supplemental eFigure 1).

Visual performance, compliance and adaptation
Distance BCVA did not differ significantly among HAL, SAL
and SVL groups (0.01+0.02 logMAR, —0.02%+0.01 logMAR
and —0.02+0.01 logMAR, respectively; F=1.52, p=0.22),
and no difference was observed in near BCVA (0.15+0.01
logMAR, 0.14+0.01 logMAR and 0.12+0.01 logMAR, respec-
tively; F=2.07, p=0.13). No differences in near horizontal
phoria (p=0.92) and the lag of accommodation (p=0.07) were
observed between the HAL, SAL and SVL groups (table 1).
Daily wearing time was similar among the treatment groups,
with mean durations of 12.9%+0.36 hours, 13.6+0.32 hours
and 13.1x0.36 hours for participants in the HAL, SAL and
SVL groups, respectively (F(2, 158)=1.06, p=0.35). No signif-
icant difference was observed in the proportion of participants
who adapted to the spectacle lenses within 3 days among the
HAL, SAL and SVL groups (90%, 100% and 94%, respectively;
p=0.07). All treatment groups were adapted to study devices
within a week and had no complaints or discomfort, based on
the phone interview and 6-month questionnaires. Adverse events
(untoward medical occurrence, unintended disease or injury or
any untoward clinical signs related to the interventions) were
not reported (online supplemental methods).

DISCUSSION

HAL and SAL were effective at controlling myopia progression,
and HAL was more effective at controlling myopia progression
than SAL. BCVA, adaptation and compliance were not affected
by the lens design.

Previous studies in chicks showed that an aspherical lens with
a greater power gradient reduces lens-induced myopia.'! '? Addi-
tionally, the amount of myopic defocus was directly linked to
the induced experimental hyperopia under competing defocus
paradigm.’ 2> HAL induced a larger VoMD in front of the retina
than SAL based on optical modelling; hence, we hypothesise
that a larger VoMD will be more effective at controlling myopia
progression. Further studies are required to elucidate the role
of the size and position of VoMD and their combination in the
efficacy of myopia control.

In our study, a younger age was associated with faster myopia
progression in the SVL group and faster AL elongation in
the SVL and SAL groups, similar to previous myopia control
trials.'* 2 However, this trend was not observed in children
wearing HAL, that is, changes in SER and AL in this treatment
group were similar across all age groups. Given the increased
risk of high myopia with a younger age of myopia onset,** %
HAL might represent a promising intervention for controlling
myopia during early childhood to slow myopia progression and
reduce myopia-related risks later in life.
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A significant hyperopic shift was observed in 20% of partic-
ipants wearing HAL and 4% of participants wearing SAL. A
reduction in AL was also observed in 26% of participants in
the HAL group and 5% in the SAL group. In contrast, these
changes were absent in the SVL group. Overall, 15% of partici-
pants wearing HAL and 2% of participants wearing SAL showed
a hyperopic shift and a reduction in AL. This phenomenon of
a hyperopic shift due to lens compensation has been shown in
several animal models®” 2®*’ but rarely reported in human inter-
vention studies. Although the underlying mechanism remains
unknown, the human eye can detect the presence and profile
of optical defocus to undergo compensatory changes in AL.> A
short-term decrease in AL was reported in two human studies,
likely through an increase in choroidal thickness.”® ?’ However,
the reported increase (approximately 0.03 mm) was not clini-
cally significant. Choroidal thickening may be linked to myopia
regression in our study, but other potential factors, including the
retina and sclera, also influence changes in AL.>**! Further inves-
tigations of choroidal thickness are ongoing in this study.

The current study reports the first-year interim results of a
2-year clinical trial in Chinese children. These initial myopia
control results require further confirmation with the results
obtained from the whole duration of the clinical trial. The gener-
alisability of the results regarding the myopia control effect of the
HAL and SAL lenses may be limited to Chinese children; thus,
future trials in other ethnic populations are needed. Significant
differences were observed in the gender distribution and average
AL in the SAL group compared with the other two groups,
despite participants’ initial randomisation. Nevertheless, these
differences did not significantly affect the study outcomes, as
they had been adjusted in the multivariable analyses. Subjective
methods such as phone interview and questionnaire are less reli-
able than objective measures. Future studies could employ wear-
able devices to measure wearing time and improve precision.

In summary, spectacle lenses with aspherical lenslets signifi-
cantly reduced myopia progression and axial elongation in chil-
dren. Among the treatment groups, the larger treatment effect
was achieved by HAL. No treatment-related adverse events were
reported, reflecting the comfort and safety of HAL and SAL for
myopia control in children. If the full 2-year clinical trial results
are consistent with the 1-year results, the use of HAL instead of
conventional SVL for myopia correction would be a strategic
approach to reduce myopia progression.
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