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Purpose: To investigate changes in peripheral eye length (PEL) and peripheral refraction
(PR) in myopic children after wearing spectacle lenses with highly or slightly aspherical
lenslets (HAL or SAL) for 2 years.

Methods: We recruited 170 children aged 8 to 13 years with myopia between —0.75
diopters (D) and —4.75 D. Participants were randomized to wear HAL, SAL, or single
vision spectacle lenses (SVL). PEL and PR were measured at 0° central and 15° and 30°
in the nasal and temporal retina every 6 months for 2 years. The relative PR (RPR) was
calculated by subtracting central from peripheral values.

Results: PELs significantly increased with time (all P < 0.001), with the greatest elonga-
tion in the SVL group and the least in the HAL group. In the SVL and SAL groups, axial
length elongated faster than the periphery. Whereas in the HAL group, N30 elongated
faster than other PELs, axial length elongated less than the periphery. With time, the PR
became more negative (all P < 0.001), with the most negative changes in the SVL group
and the least negative changes in the HAL group. RPR became more hyperopic in the
SVL and SAL groups, but less hyperopic in the HAL group (all P < 0.001).

Conclusions: Over the 2-year myopia progression, steeper retina and greater periph-
eral hyperopic defocus were found in the SVL group. In the SAL group, changes were
attenuated. In the HAL group, the retina flattened and peripheral defocus became less
hyperopic.

Translational Relevance: HAL and SAL lenses had little impact on PEL elongation.

of excessive axial elongation; the prolateness corre-
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Introduction

Eye elongation is a hallmark of myopia. Previous
magnetic resonance imaging studies found that axial
elongation of the eye was greater than width and height
elongation when myopia developed and progressed.'
In other words, the eye becomes less oblate or more
prolate when myopia develops or progresses because
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lates with the degree of myopia.>* A prolate retinal
shape can result in relative hyperopic defocus at the
periphery. Previous clinical studies have shown varying
magnitudes of peripheral hyperopic retinal defocus
in human myopic eyes.” ® Mutti et al.” found that
myopic children had more hyperopic relative periph-
eral refraction (RPR) 2 years before myopia onset
than those who remained emmetropic. In addition,
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animal studies have shown that introduced periph-
eral hyperopic defocus can induce myopia development
and progression.!?~1* Although these associations have
not been fully elucidated, lens designs to decrease
peripheral hyperopic retinal defocus or invert hyperopic
defocus into myopic defocus have been used as optical
interventions for myopia control, based on the hypoth-
esis that a peripheral hyperopic retinal defocus may be
the cause for further axial elongation in the myopic
eye.

Orthokeratology lenses, multifocal contact lenses,
and spectacle lenses like Defocus Incorporated Multi-
ple Segments (DIMS) and highly aspherical lenslets
(HAL) were all designed to bring peripheral myopic
defocus at the retina.'>!® Several clinical studies have
demonstrated the myopia control efficacy of these
lenses; they could significantly slow down the axial
length (AL) elongation.!6-!7-1°-2 However, does the
peripheral defocus signal also affect the elongation of
the peripheral eye length (PEL)? If so, does it have the
same effect of slowing down the elongation of central
and PEL, or is it more effective or less effective in
the periphery, and therefore changing the expansion
pattern of the myopic eyeball?

Our previous study reported that two spectacle
lenses with aspherical lenslets of different aspheric-
ities showed effective myopia control efficacy for 2
years.!82! This study aimed to show the long-term
changes in PEL and PR after wearing spectacle lenses
with aspherical lenslets for 2 years compared with
single vision spectacle lenses (SVLs) to explore the
expansion pattern of myopic eyes with simultaneous
clear central vision correction and peripheral myopic
defocus signal.

Study Design

The study, designed as a prospective, random-
ized, controlled, and double-blind trial, was approved
by the Ethics Committee of the Eye Hospital of
Wenzhou Medical University (Y2018-054). All work
was conducted by the tenets of the Declaration
of Helsinki. Parents or guardians provided written
parental permission and participants provided written
assent after explanations of the objectives and possi-
ble consequences of the study. The inclusion criteria
were age 8 to 13 years, spherical equivalent refraction
between —0.75 diopters (D) and —4.75 D, astigmatism
of not more than 1.50 D, anisometropia of not more
than 1.00 D, no strabismus or other ocular disease,
and no myopia control history. The participants were
followed up every 6 months for 2 years, and details
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of the study have been described previously.'®>! The
participants were randomly assigned to wear spectacle
lenses with HAL, spectacle lenses with slightly aspher-
ical lenslets (SAL), or SVL.

The concept of lenses with aspherical lenslets was
described in previous studies.'®-?! The lens contains a
9-mm center optical zone without lenslets for distance
refractive error correction. The periphery has 11
concentric ring configurations with contiguous aspher-
ical lenslets to create a volume of nonfocused light in
front of the retina. The lenslet-free regions between
concentric rings provide distance correction. Every
participant was provided with an updated prescription
and a pair of new spectacles at each 6-month visit.

Measurements

Cycloplegia was achieved using two drops of 1%
cyclopentolate at a 5-minute interval, and measure-
ments were performed at least 30 minutes after admin-
istration of the second drop. Measurements of PEL
and PR were obtained from the right eye while the left
eye was occluded.

PEL were measured using a Lenstar optical biome-
ter (LS 900, Haag-Streit, Koeniz, Switzerland) with
an optical apparatus. This novel approach was first
described by Mallen et al.> The system was composed
of a circular goniometer mounted on the headrest
bracket to control the peripheral gaze position
accurately, a beam splitter placed at 45° in front
of the right eye to change the path of light from the
target system and to pass the infrared laser beam from
the Lenstar. The rotating center of the optical appara-
tus coincides with the rotation center of the eyeball,
that is, 15 mm behind the cornea.?® In this study, the
AL was measured at central and PELs were measured
at 15° and 30° horizontal in the nasal (N15, N30) and
temporal (T15, T30) retina. Three measurements were
recorded and averaged at each location with differences
no more than 0.02 mm.

PR was obtained using an open-field Grand Seiko
binocular autorefractor (WAM-5500, Rexxam CO.
LTD, Kagawa, Japan). The targets were placed on an
arc frame 33 cm in front of the right eye; the center of
the arc was located at the rotation center of the eyeball,
and there were holes every 5° from the center to the
nasal and temporal sides. When measuring the corre-
sponding eccentric PR, the corresponding hole on the
arc was illuminated with a pen lamp, and the partici-
pant was instructed to keep looking at the bright hole.
Refractive errors were measured at 0° central, and 15°
and 30° in the nasal and temporal retina. Ten readings
were recorded and averaged at each location with no
more than 1.00 D difference for both sphere and cylin-



translational vision science & technology

Peripheral Eye Length and Aspherical Lenslets

der, and the spherical equivalent were calculated as PR.
RPR was determined by subtracting the central refrac-
tion values from the PR values.

Statistical Analysis

Two-factor repeated-measurements analyses of
covariance (RM-ANCOVA) were conducted to
compare differences in PEL, PR, and RPR over time
and between groups, and baseline AL and sex were
included as covariates. The RM-ANCOVA was also
done to analyze PEL, PR, and RPR over time in each
group. The relationships between AL elongation and
PEL, PR, RPR, baseline age, AL, central refraction,
and sex were tested using Pearson correlation analysis.
Multiple linear regression was used to evaluate factors
associated significantly with axial elongation. The data
are presented as the mean + standard deviation. A
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P value of less than 0.05 was considered statistically
significant for two-factor RM-ANCOVA and linear
regression. The adjusted significance level was set to
0.01 for PEL, PR, and RPR when analyzed RM-
ANCOVA in each group, because they were measured
at five retinal eccentricities.

A total of 170 participants were included in
the randomization. Of these participants, three were
excluded before the lenses were dispensed, nine were
lost to follow-up, one missed the 18-month visit,
and one did not complete the PEL measurement at
baseline; consequently, 156 participants were included
in the analysis (Fig. 1). Table 1 shows the baseline

2 Assessed for eligibility (n=170)
£
2
c
i
Randomised (n=170)

Allocated to intervention Allocated to intervention SAL Allocated to intervention SVL

HAL (n=58) (n=57) (n=55)
-é - Received allocated - Received allocated - Received allocated
;5 intervention (n=56) intervention (n=56) intervention (n=55)
= - Did not Receive allocated - Did not Receive allocated - Did not Receive allocated

intervention (n=2) intervention (n=1) intervention (n=0)

A4 A4

Lost to follow up (n=2) Lost to follow up (n=3) Lost to follow up (n=4)
o - Discontinued intervention - Discontinued intervention - Discontinued intervention
3 (n=1) (n=2) (n=1)
% - Moved away (n=1) - Refused to follow up (n=1) - Refused to cycloplegia (n=1)
- - Refused to follow up (n=1)

- Moved away (n=1)
Y N N

“» Analyzed (n=54) Analyzed (n=53) Analyzed (n=49)
—§ Excluded from analysis - Excluded from analysis (n=0) - Excluded from analysis (did
< (n=0) not finish all exam, n=2)

Figure 1.

CONSORT flow diagram for the study.
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Table 1. Baseline Characteristics of Participants in the Three Groups

ANCOVA or x?
Characteristics HAL SAL SVL Test, P Value
No. 54 53 49
Age 10.65 £+ 1.15 10.21 £ 1.21 10.39 + 1.26 0.17
Sex (M/F) 26/28 17/36 29/20 0.02
Refractive error (SE, D) —2.70 £ 1.02 —2.28 £+ 0.95 —2.44 £+ 0.87 0.08
Axial length (mm) 24.76 + 0.68 2444 £+ 0.75 24.78 £+ 0.66 0.02

Data are presented as the mean =+ SD.
F, female; M, male; SE, spherical equivalent.

Baseline
6Months
12Months
18Months
24Months

EEEE

Baseline
6Months
12Months
18Months
24Months

tr ¥ ¢4

-e- Baseline
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T30 T15 (o4 N15 N30 T30 T15 C
Retinal Eccentricity

Figure 2.

Retinal Eccentricity

T T T T T T T
N15 N30 T30 T15 Cc N15 N30
Retinal Eccentricity

PEL (A-C), PR (D-F), and RPR (G-1) over 2 years. Error bars represent 1 standard error of the mean. *Statistically significant differ-

ence over time in the repeated-measure analysis of covariance (A-F) or t-test (G-I) within the group (P < 0.01). C, central; N, nasal retinal; T,

temporal retinal.

characteristics of the participants in the three groups;
sex (x> = 7.66; P = 0.02) and AL (F,53 = 3.86;
P = 0.02) were significantly different between the three
groups. Comparisons between groups were adjusted
for baseline AL and sex. The 18-month follow-up was
delayed by a mean of 3 weeks, from February to March
and April 2020, owing to the coronavirus disease 2019
epidemic in China; there were no differences between
the three groups (F».153 = 0.03; P = 0.97). The statisti-
cal results of the unadjusted data were consistent with
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the data adjusted for sex and AL. The statistical results
in the text and Figure 2 were from the adjusted data.
The unadjusted and adjusted data of changes in PEL
and PR are shown in Table 2.

The RM-ANCOVAs adjusted for sex and baseline
AL showed significant interactions between time and
group for AL, PEL-T15, and PEL-T30 (all P < 0.002).
The main effect of time and group and the interaction
between time and group did not show any significance
in the PEL-N15 and PEL-N30 (all P > 0.18). Signif-
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Table 2. Changes in the PEL (mm) and PR (D) at Follow-ups in the Three Groups
Unadjusted Data Adjusted for Sex and Baseline AL
6 Months 12 Months 18 Months 24 Months 6 Months 12 Months 18 Months 24 Months

PEL-T30

HAL 0.06 £ 0.09 0.13 £ 0.19 0.31 £ 0.37 0.37 £ 047 0.06 £ 0.12 0.13 £ 0.16 0.31 £ 0.20 0.37 £ 0.25

SAL 0.10 £ 0.09 0.22 £ 0.14 0.45 £ 0.19 0.51 £ 0.22 0.09 £ 0.12 0.19 £ 0.17 0.38 £+ 0.20 0.48 £ 0.25

SVL 0.12 £ 0.14 0.16 £+ 0.18 0.18 £ 0.22 0.25 £ 0.24 0.10 £ 0.12 0.22 £ 0.16 0.45 £ 0.20 0.51 £ 0.24
PEL-T15

HAL 0.05 £ 0.11 0.11 £ 0.22 0.24 £+ 0.37 0.31 £ 048 0.05 £ 0.10 0.11 £ 0.15 0.24 £ 0.21 0.31 £ 0.25

SAL 0.15 £ 0.11 0.31 £ 0.14 0.53 + 0.20 0.64 £ 0.23 0.12 £ 0.11 0.23 £ 0.15 0.38 £ 0.21 0.50 £ 0.25

SVL 0.09 £ 0.11 0.15 £ 0.15 0.19 £ 0.23 0.23 £ 0.27 0.15 £ 0.11 0.31 £ 0.15 0.53 £ 0.21 0.63 £ 0.25
AL

HAL 0.08 £ 0.13 0.13 £ 0.24 0.25 £ 0.39 0.34 £ 0.51 0.08 + 0.10 0.13 £ 0.16 0.25 £ 0.21 0.33 £ 0.26

SAL 0.21 £ 0.11 0.36 £ 0.17 0.57 £ 0.21 0.67 £ 0.25 0.14 £ 0.09 0.24 £ 0.17 0.40 £ 0.22 0.52 £ 0.26

SVL 0.09 £ 0.08 0.15 £ 0.16 0.20 £ 0.22 0.23 £ 0.28 0.21 £ 0.10 0.36 £ 0.16 0.57 £ 0.22 0.67 £ 0.26
PEL-N15

HAL 0.10 £ 0.20 0.13 £ 0.25 0.15 £ 0.33 0.39 £ 0.58 0.10 £ 0.26 0.13 £ 0.29 0.15 £ 0.37 0.39 £ 0.36

SAL 0.19 £ 027 026 £ 0.28 031 £ 041 057 £ 037 020 +026 025=+029 033 £039 060+ 036

SVL 0.21 £ 0.27 0.22 £ 033 0.30 + 0.39 0.28 £+ 0.39 0.19 £ 0.26 0.27 + 0.29 0.31 £ 037 0.57 £ 0.36
PEL-N30

HAL 0.14 = 0.14 020 £0.15 029 £029 045+ 044 013 +£0.17 019 +£0.18 028 £ 0.23 0.44 £+ 0.29

SAL 0.14 £ 0.17 0.17 £ 0.19 0.29 £+ 0.24 0.45 £ 0.31 0.14 £ 0.17 0.16 £ 0.19 0.29 £ 0.23 045 £ 0.29

SVL 0.18 £+ 0.14 0.17 £ 0.18 0.2 + 0.23 0.24 £+ 0.29 0.14 £ 0.17 0.17 £ 0.18 0.29 £+ 0.22 045 £ 0.29
PR-T30

HAL 0.01 £ 0.75 —-0.17 £ 0.88 —0.11 = 0.98 —-0.56 £+ 0.78 0.01 £ 080 —0.17 + 0.84 0.11 £ 1.03 —-0.56 + 0.84

SAL —-0.27 £ 080 —0.46 £ 081 —-0.13 £1.04 —-0.70 £ 091 —-0.29 + 0.82 —0.46 + 0.85 —0.14 = 1.05 —-0.67 + 0.85

SVL —0.14 £ 085 —-0.46 +£0.78 —-033 £ 1.03 —-1.01 £ 080 —-0.12 + 0.81 —0.46 + 0.84 —0.33 + 1.04 —1.03 £+ 0.85
PR-T15

HAL —0.13 £ 047 —-0.29 £ 062 —-0.36 £ 057 —0.57 £ 065 —0.11 &+ 040 —0.26 + 0.52 —0.34 + 0.56 —0.54 £ 0.60

SAL —0.13 £ 042 —-0.48 + 048 —-0.50 + 045 -—-0.88 £ 0.57 —-0.14 + 040 —048 + 0.53 —0.51 &+ 0.57 —0.89 + 0.61

SVL —0.26 £ 033 —-0.68 + 047 —-0.78 £ 066 —1.21 £ 058 —-0.25 + 040 —-0.68 £ 0.52 —-0.76 £ 0.56 —1.20 &+ 0.60
PR-C

HAL —0.14 £ 029 —-0.27 = 035 —-044 £ 046 —-061 £ 054 —-0.18 £ 030 —-0.31 £ 042 —-047 £ 049 —-0.64 £+ 0.54

SAL —0.18 £ 0.28 —-0.50 + 037 —-0.66 £ 042 —-095 + 050 —-0.18 &+ 031 —-0.49 £ 043 -0.67 £ 050 —0.96 £ 0.55

SVL —032 £ 026 —-0.77 £ 046 —-098 £ 056 —134 + 054 —-0.32 + 030 —0.77 & 042 —-0.98 + 0.50 —1.33 £+ 0.55
PR-N15

HAL —0.23 £ 063 —-041 + 063 —-0.71 £ 064 -0.77 £ 069 —-0.23 + 048 —-0.40 £ 0.51 —-0.71 £ 0.62 —0.76 £ 0.62

SAL —-0.22 £ 037 —-0.48 £ 037 —-0.77 £ 051 —-096 + 053 —0.23 &+ 049 —-0.50 & 0.52 —0.79 &+ 0.64 —0.97 & 0.63

SVL —-0.27 £ 039 —-067 £ 050 —-088 £0.70 —1.13 £ 062 —-0.27 + 049 —-0.66 &+ 0.52 —0.86 & 063 —1.12 £+ 0.63
PR-N30

HAL —0.09 £ 0.72 —-0.48 £ 069 —-0.74 £ 0.76 —0.86 + 082 —0.09 + 0.63 —0.49 + 0.69 —0.75 + 0.71 —0.86 &+ 0.76

SAL —0.10 £ 053 —-0.41 + 066 —0.60 £ 0.58 —0.85 + 0.71 —0.11 &+ 0.64 —-0.40 £ 0.70 —-0.59 + 0.72 —-0.85 £+ 0.77

SVL —0.07 £ 061 —-0.51 +£0.71 —-0.60 £ 0.78 —-0.82 £ 0.70 —0.06 + 0.64 —-0.51 £0.70 —-0.62 £+ 0.72 —-0.82 &+ 0.76

Data are presented as the mean = SD.
T, temporal; N, nasal; C, central; AL, axial length; M, male; SE, spherical equivalent.

translational vision science & technology

icant differences between groups were found in the
AL and PEL-T15 in all visits except baseline (all P <
0.001), which elongated fastest in the SVL group and
slowest in the HAL group. PEL-N15, N30, and T30
had no significant differences between groups. RM-
ANCOVAs were done in each group, significant differ-
ences over time were found in all PELs in all three
groups (all P < 0.001) (Figs. 2A—C). In the SVL and
SAL groups, AL elongated fastest, and the periphery
elongated less, resulting in retina steepening; however,
in the HAL group, PEL-N30 showed the fastest elonga-
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tion, PEL-T15 showed the slowest elongation, and
AL elongated less than the periphery, thus the retina
flattened.

For PR (Figs. 2D-F), significant differences were
found over time in all PRs in all three groups (all P <
0.001), but no difference was found between groups
(all P > 0.31). For RPR (Figs. 2G-I), the main effect
of time and group and the interaction between time
and group did not show significance in the RPR-T15
(ngggg = 028, P= 097) and RPR-T30 (Fg,zgg = 136,
P = 0.22). The interaction showed significances in the
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Table 3. Significant Correlations Between 2-Year Changes in AL and Other Parameters at Baseline

Multivariate Analysis

0

El 0 1
Baseline RPR-N15 (D)

and baseline hyperopic RPR-N15 (B). N, nasal.

Table 4. The Differences in AL Elongation (mm) Over 2
opic RPR-N15 at Baseline in the Three Groups

Groups Parameter Standardized Coefficients 8 PValue  Standardized Coefficients 3 P Value R?
HAL Age —0.27 0.05
RPR-T15 0.33 0.02
RPR-N15 —0.40 0.003 —0.40 0.003 0.16
SAL Age —0.55 <0.001 —0.46 <0.001 0.36
SVL Age —0.65 <0.001 —0.53 <0.001 0.61
RPR-N15 —0.57 <0.001 —043 0.001
RPR-N30 —0.35 0.01
N, nasal retina; RPR, relative peripheral refractive; T, temporal retina.
A B
1.5 1.5+
- — HAL = — HAL
E 1.0+ E 1.0+ -— SAL
- | —— SVL
2 B
3 0.5 g
£ 0.0- g
S 5
0.5 T T T 1 -0.5 T T T 1

T
0.0 0.5 1.0 1.5
Baseline Hyperopic RPR-N15 (D)

Figure 3. Significant correlations between 2-year axial length (AL) elongation and baseline RPR-N15 (A), between 2-year AL elongation

Years Between Children With Myopic RPR-N15 and Hyper-

Total Participants HAL Group SAL Group SVL Group
Myopic N15 0.67 £0.31 0.49+0.23 0.56 £0.25 0.89 £0.29
Hyperopic N15 0.46 + 0.25 0.31+0.25 0.49 +0.23 0.60 +0.19
t-Test, P value <0.001 0.045 0.39 <0.001

Data are presented as the mean = SD.
C, central; N, nasal; SE, spherical equivalent.

RPR-N15 (Fga9s = 2.76; P = 0.007) and RPR-N30
(Fs208 = 5.93; P < 0.001). Over time, differences were
significant in the RPR-N30, RPR-N15, and RPR-T30
in all three groups (all P < 0.001), which became more
hyperopic in the SVL and SAL groups but less hyper-
opic in the HAL group. No significant difference in
RPRs was found between groups (all P > 0.30).

The relationships between AL elongation and
baseline parameters were tested by Pearson correla-
tion analysis and multiple linear regression, and signif-
icant correlations were shown in Table 3. Baseline
RPR-N15 was negatively correlated with AL elonga-
tion in the SVL and HAL groups (Fig. 3A) (both
P < 0.003). Participants with hyperopic N15 at
baseline had less 2-year AL elongation than partici-
pants with myopic N15 in the HAL and SVL groups

translational vision science & technology
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(Table 4). Participants with baseline hyperopic or
myopic N15 had no difference in baseline spherical
equivalent, AL, age, and sex (all P > 0.051). After
excluding participants with myopic RPR-N15, that
is only including participants with hyperopic RPR-
N15, a negative correlation between RPR-N15and AL
elongation was found in all three groups (Fig. 3B) (all
P <0.033).

After a 2-year follow-up, PEL and PR showed
significant differences over time, and the elongation
pattern was different between groups. Compared with
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the SVL group, HAL and SAL slow down central
and paramacular eye elongation, although they have
little effect on peripheral eye elongation. The retina
steepened and the RPR became more hyperopic with
myopia progression in the SVL group. In the SAL
group, the retina also steepened, and the RPR became
more hyperopic, but changes were smaller than in the
SVL group. For the participants in the HAL group,
changes were the opposite; the retina flattened and the
RPR became less hyperopic.

In the SVL group, the result showed that axial
elongation was faster than the PEL; further into the
periphery, the eye elongation was slower, leading to
a steepened retina after 2 years of myopia progres-
sion. The RPR became more hyperopic with time in
the SVL group, which is consistent with the changes
of PEL. For test groups, we found a dose-dependent
effect of the lenslets asphericity on changes in PEL
and refraction. With SAL, the retina steepened and
RPR became more hyperopic, which showed the same
tendencies as the changes in the SVL group but with
a lower magnitude. With HAL, PEL-N30 showed
the most elongation, and AL elongation was less
than the periphery, which led to retina flattening and
decreased peripheral hyperopic RPR, in contrast with
the changes observed with SVL. The results of PEL
showed that the temporal retina was steeper than the
nasal retina, whereas the RPR was more hyperopic in
the nasal side, which is contradictory. Results of PEL
and refraction in this study were consistent with the
previous studies in Chinese children.?**> The refrac-
tion at temporal retina were measured from the nasal
cornea to the temporal retina, and we supposed that
PR was not only influenced by retinal steepness, but
also the corneal refraction. In our previous study, we
found that the nasal corneal power was nearly 1 D
larger than temporal corneal power, which means the
nasal cornea would bring more myopic defocus assum-
ingly.”® Therefore, in this study, although there should
be more hyperopic defocus in the temporal steeper
retina, less hyperopic RPR was found in the tempo-
ral side due to more myopic defocus in the nasal
cornea.

Only the AL and PEL-T15 showed significant differ-
ences between groups, which means HAL and SAL
slowed mainly central AL elongation and did not affect
peripheral eye elongation. Fung et al.”® investigated
the effects of peripheral myopic defocus on retinal
activities by global flash multifocal electroretinogram.
They found that the central (8°) and paramacular (8°—
18°) retina showed an enhanced retinal response under
the strong stimulus of defocus (+7.5 D), whereas the
perimacular (18°-30°) retina did not show a differen-
tial response. Moreover, a weak stimulus of defocus
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(+2.5 D) resulted in no significant enhancements
at any macular regions. Our study drew the same
conclusion that peripheral defocus influenced only the
central macula, and higher lenslet asphericity (HAL)
had a better effect. Moreover, changes in the RPR
were more likely caused by changes in retinal steep-
ness. In our previous study, wearing orthokeratol-
ogy lenses for 1 year was also found to flatten the
retina and decrease peripheral hyperopic defocus.”
Zhang et al.>>?7 also found decreases in the RPR
in the perimacular region after wearing DIMS for 2
years and 3 years, but they did not investigate the
changes in PEL. The BLINK study recently reported
on the effects of multifocal contact lenses on periph-
eral eye elongation.”® They also found that wearing
center-distance contact lenses with 4+2.50 D addition
showed either similar or less elongation at the fovea
compared with the periphery, and the retina flattened
as a result. According to these studies on children,
we speculated that lens designs based on peripheral
myopic defocus theory mainly slow down the central
and paramacular eye elongation, the myopic defocus
caused did not result in peripheral slowing of growth
as much as it did central slowing of growth, perhaps
suggesting the signal from myopic defocus throughout
the periphery was integrated across the retina affect-
ing central growth versus slowing local growth. The
eyeball expansion pattern changed consequently, make
the retina flattened and decrease peripheral hyperopic
defocus.

There are several hypotheses about the mecha-
nism of action of myopic defocus lenses. Animal
studies have shown that the effects of myopic defocus
were mediated by mechanisms that integrate visual
signals in a local, regionally selective manner.?’-3
Neither this study nor previous studies on myopia
control lenses can support this hypothesis. The inter-
ventional lenses (HAL and SAL) used in this study
were designed to provide different myopic defocus
signals at different eccentricities. It is possible that
the same defocus amount may have different effects
at different eccentricities, but the results of the
current study cannot verify this conclusion because
we cannot detect the actual defocus amount at the
retina, nor detecting the retinal function at differ-
ent eccentricities through electroretinography. Future
animal research is needed to validate this theory.
The eye shape factor is also a hypothesis from
animal researches, stating that the more the eye
deviates from emmetropia, the greater the response
to defocus signals. However, in the multiple linear
regression, we did not find that children with a
longer eye AL had a better myopia control effect
with HAL and SAL (Table 3). The mechanism
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of defocus signals in humans and animals may be
different.

Previous studies have shown that a more hyper-
opic defocus in the periphery was supposed to promote
myopia.” '* However, in this study, participants with
baseline more hyperopic defocus at N15 had less
myopia progression. Zhang et al.’' found a similar
relationship between RPR-N10, RPR-N20, and AL
elongation in participants with DIMS but not in partic-
ipants with SVL. However, the measurement of RPR-
N15 was not as reliable as other points because of
the nerve head. The impact of RPR-N15 on myopia
progression or intervention efficacy to slow down
myopia remains unclear and requires further investiga-
tion.

The design of concentric rings of contiguous
aspherical lenslets exposes both the horizontal and
vertical retina to the defocus, but different areas of
the retina may have different responses to the defocus.
A limitation in this study is that we did not measure
the vertical PEL and refraction to make a complete
description of the eye changes; such vertical measure-
ments could be added in further studies. Another
limitation is that we only measured five points and
one is at the optic nerve head (N15). The measure-
ment of N15 may not be accurate enough because
of the optic nerve head. The aim of the study was
to pay more attention to the influence of peripheral
defocus on peripheral elongation and the overall expan-
sion pattern of the eyeball. Therefore, we considered
that the inaccuracy of a single point in N15 did not
affect the overall results.

Conclusions

In the SVL group, the retina steepened and the
peripheral retinal defocus became more hyperopic with
2-year myopia progression. The peripheral myopic
defocus induced by aspherical lenslets only slowed the
central eye elongation, and the peripheral eye elongated
as usual. In the SAL group, the retina steepened and
peripheral hyperopic defocus increased, but with less
magnitude than in the SVL group. Participants with
HAL had faster PEL elongation than axial elongation,
resulting in a flattened retina and peripheral hyperopic
defocus decreased.
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