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Efficacy of multifocal rigid gas
permeable contact lenses to
control myopia progression
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Ding Jia™*

Myopia is a global pandemic, with significant adverse effects on visual health. It is imperative to
establish a more comprehensive and inclusive myopia control that can address the lack of myopia
defences due to age, refractive error and astigmatism range. In this study, we evaluvated the efficacy
of multifocal rigid gas-permeable contact lenses (MF-RGPCL) as a myopia control intervention.The
efficacy of MF-RGPCL were assessed by the changes in axial length (AL) and best-corrected visual
acuity (BCVA), and the safety was evaluated by monitoring the changes in corneal endothelial cells.
Furthermore, an analysis was conducted on subjects’ ocular parameters, genetic characteristics,

lens’ fit, growth and development and which may influence AL progression in the MF-RGPCL group.
Following a 12-month period, the axial elongationAL of the MF-RGPCL group was significantly slower
than that of the single-vision spectacle lenses (SVL) group. Similarly, the BCVA of the MF-RGPCL
group was significantly better than that of the SVL group. And the AL progression in the MF-RGPCL
group was significantly correlated with onset age of myopia, parental myopia, lens decentration, pupil
diameter, and corneal curvature. No significant alterations were observed in the corneal endothelial
cells. MF-RGPCL has been demonstrated to provide effective myopia control and good safety, and can
be used as an alternative for myopia defence in adolescents. Complementary clinical indications for
orthokeratology lenses (OK lenses) and multifocal soft contact lenses (MF-SCL).
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Myopia represents a significant factor affecting visual health!?, with an estimated prevalence of 30% in the
global population®. Epidemiological projections suggest that nearly 50% of the global population will be myopic
by 2050.The prevalence of myopia among young adults in East and Southeast Asia is approximately 80-90%*,
while the myopia rate among children and adolescents aged 6-18 in China is approximately 53.6%°. In China,
the increased prevalence of electronic products and the concomitant rise in academic pressure have resulted in a
notable increase in nearwork time®’ and a marked reduction in outdoor activities®®. Under the “heavy attack” of
these factors, the development of myopia shows a trend of low age, high incidence rate and high diopter. The onset
age of myopia is a significant predictor of its subsequent progression!®!! In the absence of timely intervention,
myopia will progress at an alarming rate, with the potential for it to develop into high myopia, which represents
a significant threat to the health of the fundus. The risk of fundus disease in individuals with high myopia is more
than 40 times higher than that of the general population, and is accompanied by complications such as cataract,
glaucoma, retinal detachment and macular degeneration'?~!%. Given the current lack of evidence-based strategies
to prevent myopia initiation, optimizing interventions to decelerate myopia progression and reduce progression
rates to high myopia (-6.00 D or greater) represents the paramount clinical priority for managing this global
epidemic. The current effective prevention and control measures for myopia include increasing the time spent
in outdoor activities®!, low-concentration atropine'®!%, orthokeratology lenses (OK lenses)'*-2!, multifocal
soft contact lenses (MF-SCL)??>-24, and peripheral defocus modifying spectacle lenses?®-25. Among them, OK
lenses, as the most established one, although its efficacy and safety have been widely recognised, CFDA has strict
limitations on age (<8 years old) and myopic diopter registration range (<6.00 D); MF-SCL, although it can
make up for the limitations of OK lenses mentioned above, it does not have a ideal effect on the correction of
high astigmatism but have a high cost. Low concentration atropine can not meet the needs of myopia correction.
Peripheral defocus modifying spectacle lenses can correct myopia above 6.00 DS. However, this approach is
constrained by alterations in spatial perception and visual field parameters due to vertex distance effects, which
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may further impede children’s engagement in dynamic physical activities. Therefore, for patients with myopic
refraction above 6.00 D, age less than 8 years old, with large astigmatism, who need to control myopia and free
from glasses, the above modalities are obviously not applicable. In this case, a new type of defocus designed rigid
gas permeable contact lens (MF-RGPCL) has a significant benefit for this particular patient group. MF-RGPCL
offer a number of advantages over traditional RGP lenses. In addition to high oxygen permeability, moisture
content, and high imaging quality, these lenses combine the classic design of peripheral retinal myopia defocus®
with greater inclusivity for the wearer’s age, refractive range, and corneal astigmatism.

It is therefore imperative to conduct further clinical studies on the efficacy of MF-RGPCL in controlling
myopia in adolescents and children, in order to expand the range of myopia prevention and control methods
currently available. Despite the clinical application of MF-RGPCL having been several years, there is still no
clear report on the effect of ME-RGPCL on myopia control in adolescents and children. This paucity of clinical
evidence likely stems from the limited adoption of MF-RGPCL in clinical practice. To address this gap, the
current study retrospectively enrolled MF-RGPCL wearers to longitudinally monitor AL progression and
BCVA over a 12-month period to evaluate the efficacy for myopia control, while the ocular safety through
serial assessments of corneal endothelial parameters (CD, CV, HEX). Furthermore, multivariable analyses were
conducted to identify determinants influencing treatment outcomes, incorporating ocular biometrics, genetic
predisposition, lens fitting characteristics, and auxological indices. This will facilitate the provision of more
reliable options for clinical work in myopia prevention and control.

Results

Baseline characteristics of participants in the MF-RGPCL and SVL groups

After screening, 48 MF-RGPCL wearers (12.33 (+2.1) years old, male 20 (42%), female 28 (58%)), and 21 SVL
wearers (13.40 (+2.40) years old, male 9 (43%), female 12 (57%)) were included in the statistics. The baseline
data are shown in Table 1; Fig. 1. There is no significant difference in the baseline date of each parameter between
the two groups (all P>0.05). At the same time, it can be seen from the heatmap that the baseline color changes
and color scales of each parameter in the two groups of data are basically consistent, which ensures the principle
of unique variables in the control experiment. It can be seen that the ratio of male to female in the two groups
was similar, and the age of onset of myopia was earlier (SVL, 6.89(+ 0.25) years old; MF-RGPCL, 7.00(7.00
(+0.17) years old), IOP was high than normal (SVL, 18.10(+ 2.61)mm/Hg; MF-RGPCL, 19.21(+ 2.56) mm/
Hg), spherical equivalent (SVL, -8.71 (+ 2.3) D; MF-RGPCL, —8.59(+ 2.3)D) and AL (SVL, 26.30(+ 1.04) mm;
ME-RGPCL, 26.55(+ 1.17) mm) reached the high myopia. In addition, the family history survey of myopia in
both groups of patients found that one or both parents had a higher proportion of myopia. These results suggest
that patients who choose to wear MF-RGPCL are mostly a group with high myopia or high-risk factors for high

myopia.

SVL (n=21(42eyes)) | MF-RGPCLs (n=48(96eyes))
Characteristics Mean(SD) Mean(SD) P value
Age(years) 13.40(2.40) 12.33(2.10) 0.67

Male 9(43%) Male 20(42%) -
Gender

Famale 12(57%) Famale 28(58%) -
Onset age(years) 6.89(0.25) 7.00(0.17) 0.70
BMI(kg/m?) 18.10(2.61) 19.21(2.56) 0.11
IOP(mm/Hg) 18.14(2.45) 18.27(2.71) 0.79
SER(D) -8.71(2.31) -8.59(2.30) 0.80
AL(mm) 26.30(1.04) 26.55(1.17) 0.23
Phoria(D,/\) —-1.86(1.42) —2.24(3.90) 0.67
Phoria(N, A) -3.36(4.12) —-4.22(4.73) 0.37
BCVA(LogMAR) | 0.00(0.00, 0.10) 0.00(0.00,0.00) 0.18°
NRA(D) 2.21(0.35) 2.17(0.50) 0.74
PRA(D) —-1.79(0.77) -1.98(0.74) 0.34
BCC(D) 0.33(0.22) 0.45(0.31) 0.11
Myopic parents(%)
0 2(9.4%) 9(18.7%) -
1 9(43%) 11(23%%) -
2 10(47.6%) 28(58.3%) -

Table 1. Baseline data of participants in the MF-RGPCLs and SVL groups. SD= Standard deviation; BMI=
body mass index; IOP= Intraocular pressure; SER= equivalent spherical refraction; AL= axial length; BCVA=
Best-corrected visual acuity; LogMAR= logarithm of the minimum angle of resolution; NRA= Negative relative
accommodation; PRA= Positive relative accommodation ; BCC= cross cylinder. a indicates nonparametric test
and the rest are independent sample t-tests.
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Fig. 1. Heatmap of baseline data of participants in the ME-RGPCL and SVL groups. The left side of the
Figure indicates each Characteristic, and the graduated bars on the right side indicate the magnitude of each
parameter represented by different degrees of colour.

Changes in axial lenth in one year

The mean annual axial elongation was significantly lower in the MF-RGPCL group (0.18 +0.015 mm) compared
to the SVL group (0.33+0.018 mm; P<0.0001)., and the remission rate (= ([ (Annual axial elongation in control
group — Annual axial elongation in observation group) / Annual axial elongation in control group | x 100%))was
46%( Control group: SVL group; Observation group: MF-RGPCL group) (Fig. 2a). Although the annual axial
elongation of the MF-RGPCL group is widely distributed (-0.2 mm ~ 0.6 mm), most of the participants (64%)
have an annual axial elongation £0.20 mm /year, and nearly half of the participants (42%) have an annual axial
elongation within 0.1 mm (Fig. 2b). In the SVL group, the annual axial increase was greater than 0.1 mm, and
most of the participants (65%) had axial increase > 0.30 mm /year(Fig. 2c). It can be seen that MF-RGPCL can
significantly control the axial progression of myopia patients, regardless of the average annual axial elongation
or the distribution range of the axial elongation.

In addition, we also analyzed the changes in AL at each follow-up visit in the MF-RGPCL group, and the
average increase in AL from the baseline at the initial examination to the 3rd, 6th, 9th, and 12th months was
0.060 (+£0.084) mm, 0.089 (+0.118) mm, 0.0132 (+0.124) mm, and 0.179 (+ 0.144) mm, respectively. The results
of the One-Way-ANOVA showed there were significant differences between groups in all pairwise comparisons
(Fig. 2d, all P<0.001). At the same time, we compared the AL at each follow-up visit with the previous one,
and found that the AL increased the most at the 3rd month, the first follow-up, at 0.060 (+0.084) mm; the
difference in AL between the first and second follow-ups (i.e., the 6th month) was the smallest, at 0.029 (+0.063)
mm; the AL changes at the 3rd and 4th follow-ups (i.e., the 9th and 12th months) were similar. The One-Way-
ANOVA results showed that only the first and second follow-up AL differences had a significant difference
(Fig. 2e, P=0.005).

Changes in BCVA in one year

Both groups of participants had non-normal distribution of BCVA at each follow-up visit, as shown in Fig. 3a;
Table 2. After non-parametric test, there was no difference in the baseline BCVA between the SVL group and the
ME-RGPCL group (P=0.18). Following a 12-month period of wearing the lenses, the BCVA of the SVL group
was significantly lower than that of the SVL-12mo group (P <0.0001), while the BCVA of the MF-RGPCL group
remained at a good level (MF-RGPCL-12mo vs. MF-RGPCL-BL, P=0.93). At the same time, the BCVA of the
ME-RGPCL group was significantly better than that of the SVL group at one year of wearing (MF-RGPCL-
12mo vs. SVL-12mo, P=0.003). This is because the SVL group absence of myopia control interventions resulting
in rapid progression of AL and refractive power. In addition, the BCVA of the MF-RGPCL group at the 3rd,
6th, 9th, and 12th month follow-up visits was also recorded in detail, and no significant difference was found
between each visit (all P>0.05, Fig. 3b). It can be seen that MF-RGPCL not only has good visual correction
effect, but also has stable visual maintenance ability.
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Fig. 2. Changes in AL in one year of MF-RGPCL and SVL groups. (a) Comparison of AL changes between
MF-RGPCL and SVL groups in one year, ****P<0.0001; (b) Distribution of the annual range of AL growth in
the MF-RGPCL group; (c) Distribution of the annual range of AL growth in the SVL group; (d) Comparison of
the AL growth at each follow-up compared with the baseline AL, ***P <0.001, ***P <0.0001; (e¢) Comparison
of AL at each follow-up compared with the previous one, 3mo-BL vs. 6mo-3mo, t=2.81, **P=0.005.
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Fig. 3. Changes in the BCVA of the two groups over a year. (a) Comparison of the BCVA before and after one
year between MF-RGPCL and SVL groups, ****P<0.0001, **P<0.01 ; (b) Comparison of BCVA at each follow-
up in the MF-RGPCL group.
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Descriptive Statistics

25% Median | 75%
SVL-BL 0.000 0.000 0.000
SVL-12mo 0.000 0.100 0.100
MFRGPCLs-BL 0.000 0.000 0.100
MFRGPCLs-3mo | 0.000 0.000 0.100
MFRGPCLs-6mo | 0.000 0.000 0.100
MFRGPCLs-6mo | 0.000 0.000 0.100
MFRGPCLs-12mo | 0.000 0.000 0.100
Wilcoxon Signed Ranks Test
Groups Vs z Pvalue
SVL-BL MFRGPCLs-BL -1.340 |0.180
SVL-BL SVL-12mo —-4.000 | 0.000
MFRGPCLs-BL MFRGPCLs-12mo | -0.083 | 0.934
MFRGPCLs-12mo | SVL-12mo —2.940 | 0.003

Table 2. Descriptive statistic and Wilcoxon test of BCVA.

The decentration of MF-RGPCL

In accordance with the classification of decentration range proposed by Tsai and Lin*, the distance is defined as
follows: 0.5 mm or less is classified as mild decentration, 0.5 mm to 1.0 mm is classified as moderate decentration,
and 1.0 mm or greater is classified as severe decentration. In the following statistics, any decentration that affects
the visual quality or exceeds the patient’s tolerance would be reassessed and the parameters adjusted, until the
best fit is achieved. As illustrated in Fig. 4a, the summary of the deviated position with review records reveals that
the majority of cases (79%) exhibit mild decentration, while moderate decentration accounts for approximately
16% and severe decentration accounts for the least, only 5% (Fig. 4b). Furthermore, the decentration direction
is subdivided into four categories: nasal inferior, nasal superior, temporal inferior, and temporal superior. The
majority of decentration cases (40.3%) are classified as temporal inferior deviations, with temporal superior
deviations accounting for 26% of cases. The proportion of cases without decentration was 14.6%. The least
common types of decentration are nasal inferior and nasal superior, which account for 4.4% and 6.5% of cases,
respectively. Furthermore, 8.2% of the deviations are categorised as other directional deviations (Fig. 4c).
The aforementioned results indicate that the most prevalent types of decentration for MF-RGPCL are mild
decentration distance and temporal inferior deviation.

Multiple regression modeling to analyze the factors affecting AL growth in MF-RGPCL group
Following a year of monitoring the AL changes in the experimental group, a multiple regression model was
constructed with the annual change in AL as the dependent variable and other potential factors influencing AL
development as independent variables. The adjusted R*> was 0.80, indicating that the predictive independent
variables could explain 80% of the AL growth. The Durbin-Watson statistic yielded a value of 2.10, indicating
that the samples in this model exhibited satisfactory independence between them. The normal distribution of
the standardized residuals indicated that the residuals were random and not the result of any artificial influences.
Once a reliable regression model had been obtained, the results of the multivariate analysis were presented in
Table 3. It was found that the AL growth of the MF-RGPCL group subjects was significantly correlated with older
age (Beta=0.191, P=0. 025) The results indicated that there was a significant correlation between the onset age of
myopia and the AL growth of the subjects (Beta=-0.258, P=0.010). Additionally, parental myopia (Beta=0.489,
P<0.0001), decentration distance (Beta=-0.182, P=0.018), pupil diameter (Beta=-0.233, P=0.013), and corneal
curvature (Beta=-0.269, P=0.002) were identified as significant predictors. No significant correlation was
observed with the remaining factors in the table (all P>0.05). It is worth mentioning that the correlation analysis
was also conducted, and to be consistent with those of the multivariate regression analysis(Supplementary Fig. 1
and Supplementary Table 1).This indicates that the factors affecting the AL changes of the experimental group
subjects are multifaceted, suggesting that the MF-RGPCL in this study have withstood numerous objective and
subjective factors that affect AL growth. This further proves the effectiveness of the MF-RGPCL in preventing
myopia.

Effect of MF-RGPCL on corneal endothelium

It is of paramount importance that any myopia prevention and control product is safe and effective. Consequently,
we also examined the alterations in corneal endothelial cell-related variables following the use of glasses for a
period of one year. In comparison to the baseline values recorded prior to the commencement of wearing glasses,
no statistically significant alterations were observed in the proportion of HEX, CV, CCT, and CD following a
one-year period of wearing glasses (Fig. 5a-d, all P>0.05). This result objectively indicates that daily use of MF-
RGPCL in the short to medium term will not have a significant structural impact on the cornea, which provides
evidence of the safety of wearing MF-RGPCL.
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Fig. 4. The results of decentration of MF-RGPCL. (a) Schematic diagrams of all reviewed records of
decentration; (b) The distance of decentration; (c) The direction of decentration.

Discussion

The findings of this study suggest that MF-RGPCL are predominantly utilised by patients with high myopia or
significant astigmatism, whose ocular conditions exceed the indications for conventional corneal contact myopia
prevention and control products. Additionally, these patients present with an earlier age of onset of myopia,
elevated IOP in both eyes, and a clear family history of myopia, which further reinforces their characteristics
of high myopia. The subjects” eye conditions fully comply with the indications range of MF-RGPCL. To ensure
the scientific rigour of the experiment, a control group was selected comprising SVL wearers with similar
refractive and age characteristics to the MF-RGPCL group. Following a one-year period of wearing glasses, it
was observed that MF-RGPCL were capable of significantly decelerate the axial elongation of the subjects. The
experimental group exhibited an annual axial elongation of 0.18 mm, while the control group demonstrated an
annual axial elongation of 0.33 mm. The wide range in axial elongation is potentially associated with multiple
factors, including the age of myopia onset, the degree of parental myopia, pupil diameter, as well as individual
visual habits and lifestyle-related factors.

The axial elongation progression in the MF-RGPCL group was reduced by 46%. Furthermore, the distribution
range of annual axial elongation was analysed, and the results demonstrated that approximately half (42%)
of the MF-RGPCL group exhibited an annual axial elongation of less than 0.1 mm, whereas 65% of the SVL
group demonstrated an annual axial elongation of over 0.3 mm. In terms of vision correction, as the majority
of participants in this study exhibited high myopia, the improvement of corrected vision is also a significant
outcome. It was found that both wearing SVL and MF-RGPCL can achieve optimal corrected vision. However,
Following a 12-month period of wearing glasses, the MF-RGPCL group exhibited significantly superior
corrected vision compared to the SVL group. This is because the study cohort consisted of adolescents with
active axial elongation and high baseline myopia, the SVL group demonstrated faster AL progression compared
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Model Beta Coefficients | P value
age(years) 0.191 0.025
Onset age(years) -0.258 0.010
Parental myopia 0.489 0.000
Decentration distance(mm) | —0.182 0.018
IOP(mm/Hg) 0.113 0.270
PD(mm) -0.233 0.013
Km(D) -0.269 0.002
AL(mm) —-0.148 0.160
SER(D) 0.093 0.397
Pd(A) -0.102 0.318
Pn(A) 0.044 0.692
NRA(D) 0.008 0.912
PRA(D) 0.056 0.639
BCC(D) -0.175 0.175
BMI((kg/m?)) 0.032 0.192

Table 3. Multiple regression analysis with the AL change of the MF-RGPCL group in one year as the
dependent variable. Km =keratometry mean.
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Fig. 5. Changes of corneal endothelial cells after wearing MF-RGPCL in one year. Figure (a-d) is a
comparison results of the coefficient of variation, central corneal thickness, percentages of hexagonal corneal
endothelial cells, and density of corneal endothelial cells before and one year after wearing MF-RGPCL,
respectively.

to the MF-RGPCL group after one year of SVL wear due to the absence of myopia control interventions.
Regrettably, the records of refraction results were unavailable during data collection. However, the observed
AL increase in the SVL group (0.33+0.018 mm) suggests an estimated spherical equivalent refraction (SER)
progression of approximately —1.00 D, which would explain the clinically observed blurred VA. While VA
changes were included as an endpoint to evaluate MF-RGPCL efficacy under the assumption that SVL-related
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VA decline reflected SER progression, inadequate elaboration on this rationale introduced ambiguity. This not
only demonstrates the effective visual maintenance capacity of MF-RGPCL, but also substantiates the efficacy of
myopia control. In terms of the effect of AL, the findings of our research indicate that the mean myopia control
effic acy of MF-RGPCL is comparable to that of OK lenses®!~3? and, to a certain extent, superior to that of MF-
SCL3*%. However, as this is a retrospective analysis of real-world research (RWR), it is not possible to rigorously
control for the influence of various confounding factors in the same way as in a randomised controlled trial
(RCT)?¢. In the context of RWR, the lifestyle and glasses (or lenses)-wearing habits of the subjects are more
closely related to their actual condition, and the experimental results have greater practical relevance for clinical
application®. In this study, patients in the MF-RGPCL group underwent a comprehensive eye examination and
were screened for eligibility for myopia prevention and control measures. This approach is similar to having
strict inclusion and exclusion criteria. In addition, follow-up cards are distributed to each individual wearing
MEF-RGPCL and staff are instructed to provide regular reminders for follow-up examinations. Similarly, the
characteristics of the MF-RGPCL group were used as the criterion for selecting SVL wearers as the control
group to minimise between-group bias due to differences in baseline values or ocular conditions. However, the
follow-up period for patients in the SVL group is not strictly defined, resulting in the SVL group having only a
12-month follow-up record for calculating changes in AL and BCVA. In conclusion, this study controlled for
certain confounding factors based on the actual daily life situation of the wearer and suggests that MF-RGPCL
may indeed be effective in slowing the rate of axial elongation in adolescents.

In general, the human eye is in a constant state of development until adulthood, especially 15 years of age,
and the younger the age, the faster the axial elongation of the eye, and as the age increases, the development
of the eyeball will gradually stabilize®*-*!. However, during the normal physiological development of the
human eye, it can be affected by many unpredictable factors, such as congenital genetic factors and acquired
environmental factors, which lead to the premature and rapid development of the eye, the premature depletion
of the hyperopic reserve, and the onset and rapid progression of myopia. In order to combat the attack of such
factors, the application of myopia prevention and control products is urgent. Therefore, the final myopia control
effect of a product depends on the game between ‘attack’ and ‘prevention. In this study, MF-RGPCL had a
relative AL reduction of 0.15 mm and an absolute AL control of 46%. Because there is a lack of other reports on
the effect of MF-RGPCL on myopia control in adolescents, in addition to analysing the AL development, we also
performed multiple regression and correlation analyses of various other factors that may affect the efficacy of
ME-RGPCL. Most notably, we generalised the decentration in the fitting assessment of MF-RGPCL and found
that, consistent with OK lens: (1) the decentration in the fitting of MF-RGPCL were mostly infratemporal,
and were predominantly moderate (decentration distances of 0.5 mm to 1.0 mm)*% and (2) the greater the
decentration distances were, the more pronounced was the AL retardation*2. The defocus design of MF-RGPCL
is located on the anterior surface of the lens. The central 2 mm zone is devoid of defocus distribution, thereby
correcting refractive errors and ensuring clear central vision. The mid-peripheral 2 mm to 6 mm zone constitutes
a progressive defocus zone, capable of forming a myopic defocus with a continuous distribution of the pupil-
entry zone. Beyond the diameter of 6 mm, a multitude of stable defocus zones can be observed, collectively
termed the ‘bulls-eye zone’ This zone is analogous to the reverse curve observed in OK lenses. It can therefore be
surmised that when MF-RGPCL are decentration, the progressive zone with a considerable amount of defocus,
or the ‘bull’s-eye ring zone’ with an even larger amount of defocus, enters the pupil. Myopic defocus theory
suggests that more peripheral myopic defocus produces a more pronounced myopia control efficacy*>*4. On
the other hand, an increasing number of studies have demonstrated that the use of OK lenses is associated
with an increase in higher-order aberrations, and the greater the higher-order aberrations, the slower the AL
growth®*. Similarly, when MF-RGPCL are decentration, an increased defocus area within the pupil may result
in a greater induction of higher-order aberrations, thereby enhancing the myopia control efficacy. Consequently,
the present study revealed a significant negative correlation between the decentration distance of MF-RGPCL
and AL growth. In addition, we also found that the age of myopia onset, parental myopia, corneal curvature and
pupil diameter were significant factors influencing the development of the AL. This is basically consistent with
the factors that influence OK lense on AL reduction!®!!. A number of studies have investigated the effect of pupil
diameter on the retardation axial elongation of the OK lenses?’~%, In this study, when the optic zone diameter of
MEF-RGPCL is unchanged, the larger the pupil diameter, the more the treatment area and the peripheral positive
defocusing ring can enter the pupil, resulting in a larger relative myopic peripheral defocusing area of the retina,
thus slowing down the growth of the AL*. The reverse is also true. The mean AL of the group included in this
paper was 26.55 mm and the diopter was —8.59 DS. It has been shown that there is a correlation between the
AL and the corneal curvature in high myopic populations®’, with the longer of AL, the steeper of the corneal
curvature. Following correlation analyses at various levels, it was determined that the AL progression of the MF-
RGPCL group was significantly associated with their individual ocular characteristics, the genetic predisposition
to myopia in the subjects, and the lenses’ fitting. It should be noted that the analysis did not include the other
important factors affecting the myopia control effect of ME-RGPCL, such as the nearwork time and outdoor
activities. This was mainly due to the following reasons: (1) The average age of the subjects in the present study
was 12-13 years old, and they were already junior high school students, with higher academic pressure and a
heavier burden of nearwork time in general; (2) The observation phase of the experiment coincided with the
time of stricter control by the COVID-19, with more online teaching, and outdoor activities were restricted to
a certain extent. In conclusion, the factors affecting myopia are multi-level and multi-angle. Therefore, when
analysing the efficacy of any myopia prevention and control product, it is essential to consider the overall
situation of the patients in order to ensure that the experimental results are true and reliable.

This study provides preliminary confirmation of the efficacy of MF-RGPCL in controlling myopia progression
and focuses on their safety as an additional key evaluation index. All patients with contact lenses in our hospital
will undergo comprehensive ocular surface health and lens cleaning examinations during regular follow-up visits.
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Additionally, hygienic habits will be instructed to address safety concerns due to adherence at the source, thereby
addressing the issue at the earliest possible stage. The corneal endothelium plays a pivotal role in maintaining
the corneal transparency, moisture content stability, and normal thickness of the cornea. Consequently, corneal
endothelial health is frequently employed as a crucial indicator for evaluating corneal safety. General RGP has
a long history of clinical use, and its safety has been the subject of continuous investigation. A related study
demonstrated that following a six-month period of RGP wear, there was a notable decline in corneal epithelial
cell density, whereas corneal endothelial cell density remained relatively stable®® Another study demonstrated
that wearing RGP lenses for 30 consecutive days did not result in any notable alterations to corneal endothelial
cell morphology®* Additionally, a series of long-term cross-sectional studies revealed that the CV and the HEX
exhibited a correlation with the duration of RGP wear. However, the CCT and the CD did not undergo any
significant changes®. The aforementioned studies indicate that short-term RGP wear does not negatively impact
the corneal endothelium. However, long-term wear may potentially influence CV and HEX to a certain degree.
In the present study, the use of MF-RGPCL (PROTONG of iBright, DK 125) as an intervention was observed
over a one-year period. No significant changes were noted in the corneal endothelial HEX, CV, CCT or CD.
Concerning safety evaluation, we agree that corneal endothelial parameters alone cannot comprehensively
assess ocular safety. However, as a retrospective study, our analysis was inherently limited to systematically
documented metrics, with endothelial count being the only standardized parameters available in the institutional
database. To mitigate this limitation, we conducted a thorough review of all participants’ medical records, which
included detailed documentation of slit-lamp examinations, subjective complaints and lens hygiene assessments
at each follow-up visit. These qualitative records were integral to our safety evaluation framework. All MF-
RGPCL wearers in our institution undergo standardized protocols during follow-up visits, including slit-lamp
evaluations of ocular surface integrity, lens deposition analysis, and patient-reported symptom assessments.
Additionally, strict hygiene education is reinforced to minimize compliance-related risks. Our thorough review
of medical records revealed no clinically significant ocular surface complications except transient foreign
body sensation during the initial adaptation period (resolving within one week in all cases). Furthermore, the
maintained BCVA throughout the study period further supports the relative safety profile of MF-RGPCL wear.
The aforementioned evidence indicates that the use of MF-RGPCL for a period of one year does not present a
threat to the wearer’s ocular surface health. Nevertheless, further observation is required to ascertain the long-
term safety of lens wear.

In summary, the present study demonstrated that MF-RGPCL have good efficacy in myopia control and a
greater safety profile, based on the most rigorous efforts to control confounding factors. Compared with OK
lenses, MF-RGPCL can be worn during the daytime and the oxygen permeability of the material is higher,
which is safer for the cornea. The oxygen permeability of MF-RGPCL is also higher than that of soft contact
lenses. Hydrogel soft lenses have poor mobility, poor tear circulation, easy to form deposits, and are not as safe
as MF-RGPCL. In addition to the fact that the price of MF-SCL is more expensive, MF-RGPCL is a more ideal
choice for many ordinary families. But For the myopic group with low to medium refractive error, MF-RGPCL
is not the only choice. Compared with OK lenses, MF-RGPCL will have disadvantages such as lens detachment,
loss, and stronger foreign body sensation when worn during daytime. Compared with MF-SCL, MF-RGPCL has
the disadvantages of strong foreign body sensation, easier detachment and fragmentation with small diameter.
In addition to the inherent limitations of the lenses themselves, the design of this study merits discussion. As
this study was retrospective in nature, it was not feasible to comprehensively document the participants’ ocular
parameters, including refractive error at follow-up. Consequently, when assessing the myopia control efficacy
of MF-RGPCL, we solely employed the AL as a reference point, which could potentially introduce a degree of
evaluation index bias. Furthermore, all the baseline assessments of the participants in this study were conducted
on the day of the procedure, during which a waiting period of approximately one month was observed. During
this interval, the subjects did not engage in any additional myopia prevention or control measures. It should be
noted that the AL found at the third-month follow-up were, in fact, four months after the initial examination.
Furthermore, a comparison of the AL of each follow-up visit with the previous one revealed that the fastest
growth of the AL was 0.060 mm in the third month, with the smallest AL difference between the sixth and the
third month being 0.029 mm. The difference between the ninth month and the sixth month was 0.043 mm, while
the difference between the twelfth month and the ninth month was 0.047 mm. Notably, the change of AL of the
first two follow-up visits was the only one that exhibited a statistically significant difference. It is possible that this
discrepancy could have been avoided if the AL on the first day of lens wear is used as a reference. Furthermore,
it can be observed that with the prolongation of wearing time, the AL control effect of MF-RGPCL gradually
tends to stabilise. However, the long-lasting efficacy requires further observation. Furthermore, given that the
AL of MF-RGPCL wearers in this study was 26.55 mm and the diopter was —8.59 DS, if the study participants
were randomly selected as the control group among patients wearing SVL as in a general retrospective study,
it would be challenging to select individuals whose myopia degree can match that of the MF-RGPCL group.
This is because children with severe myopia will choose myopia prevention and control lenses. On the other
hand, if the diopter of the randomly selected SVL group deviates significantly from that of the MF-RGPCL
group, the scientific comparison may be compromised, as the axial elongation of children with high myopia
and those with moderate and low myopia differs considerably, resulting in additional variables influencing the
observed measures beyond the intervention. Therefore, when selecting the control group, we deliberately chose
individuals with AL and diopter similar to those of the observation group. However, due to the need for myopia
prevention in children with high myopia, the number of SVL wearers who fulfilled the inclusion criteria was
obviously sparse, and this, together with the seriousness of the missed visits, greatly affected the size of the
sample of the control group.Therefore, to increase the sample size, we had to include both eyes in the statistics.

In light of these unavoidable shortcomings, we have initiated a new randomised controlled trial to investigate
the long-term efficacy of MF-RGPCL in controlling myopia in adolescents. The trial will observe and evaluate
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the effects of these lenses on several key parameters, including AL, refractive error, and choroidal thickness,
over a period of at least three years. Although the AL is recognized as one of the criteria that can reflect the
progression of myopia, due to the difference in corneal curvature between individuals, the AL and diopter are
not necessarily one-to-one corresponding. Therefore, the inclusion of diopter in the evaluation index can more
comprehensively analyze the myopia control effect of MF-RGPCL. Another closely related to the length of the
AL is the peripheral retinal refraction, the inclusion of choroid thickness is necessary and important, beacuse
choroid thickness may be predictive biomarkers of long-term changes in the AL**~>". The study also assessed
BCVA, visual function, BCVA is the basic requirement of any refractive error correction lens, and the visual
function is to ensure comfortable and lasting vision on the basis of clear vision. Therefore in order to evaluate the
safety and efficacy comprehensively of myopia control with MF-RGPCL with a more extensive data collection
and a broader range of evaluation criteria. It is anticipated that the results will be available in a more complete
form in the near future.

Methods

This study is a retrospective study in the real world, which complies with the principles of the Declaration of
Helsinki, informed consent was obtained from all participants and/or their legal guardians. All research was
performed in accordance with relevant guidelines/regulations and has been approved by the Ethics Committee
of Shanxi Aier Eye Hospital (Approval number: EYESX-20220303-02).

Study subjects

The data set comprises myopic adolescents and children who wore MF-RGPCL (PROTONG of iBright, DK 125,
Defocus design, Beijing, China. The optical and defocus design are illustrated in Fig. 6) from January 2020 to
December 2021 at Aier Eye Hospital in Shanxi and Taiyuan. Inclusion criteria: (1) aged between 6 and 18 years
old; (2) spherical equivalent (SE) range after cycloplegia: -1.00 D to -20.00 DS, astigmatism < |-4.00 | DC; (3)
corneal curvature (Kf): 39.00 D to 46.00 D; (4) best-corrected visual acuity (BCVA) £0.22 logMAR (Snellen 0.6
or 12/20); (5) no concurrent use of other myopia control products. Exclusion criteria: (1) poor compliance and
failure to follow up regularly; (2) discontinuation of wear for more than one week consecutively during follow-
up; (3) those with ocular or systemic diseases that do not meet the indications for rigid gas permeable contact
lenses. At the same time, single-vision spectacle (SVL) wearers with similar diopter and axial characteristics as
the subjects in the MF-RGPCL group were screened as a control group, and the rest of the criteria including
inclusion and exclusion for the control group were the same as those for the experimental group.

Clinical pathway

The initial (pre-wearing) examination items for two groups of subjects include: AL, cycloplegic refraction
distance and near eye position, uncorrected VA, BCVA, positive/negative relative adjustment (PRA/NRA),
accommodative response (BCC method), intraocular pressure (IOP), body mass index (BMI). In addition, the
ME-RGPCL group also measures corneal topography, tear break-up time (BUT), corneal central thickness(CCT),
corneal endothelial cell density(CD), coefficient of variation (CV), and the percentage of hexagonal shape cells
(HEX) The MF-RGPCL group was followed up at 3, 6, 9, and 12 months after wearing lenses, and the AL, BCVA,
and corneal topography were checked at each follow-up, CCT/CD/CV/HEX were only recorded at the 12 month
follow-up. The SVL group only had AL and BCVA reviewed in the 12th month. Follow up time and examination
items are shown in Fig. 7.

Data source

MF-RGPCL group: A total of 165 patients who wore MF-RGPCL from January 2020 to December 2021 were
screened by the rigid corneal contact lens sharing system in Shanxi and Taiyuan Aier Eye Hospitals. All the
wearers established a case file of rigid corneal contact lenses, and the examination data were kept in both
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Fig. 6. Defocus control mechanism of MF-RGPCL.
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electronic and paper versions. Following a review of the cases, 23 cases were excluded due to the use of combined
atropine therapy or other means of myopia control, a history of discontinuation of wear for greater than one
week, failure to attend at least one follow-up during the observation period, or the presence of large strabismus,
which affects fusion function. This resulted in 48 subjects (96 eyes) meeting the enrolment criteria (see Fig. 8).

SVL group: After preliminary screening, it was found that most of the individuals wearing MF-RGPCL
were highly myopic. In order to maintain consistency between the baseline values of the two groups as much
as possible, stricter requirements were placed on the refractive range when selecting subjects with SVL. After
screening, within the observation time range of this study, a total of 124 SVL wearers who met the conditions for
equivalent spherical lens and AL recorded by optometrists from both hospitals were included. Among them, 42
were replaced with defocus lenses (including orthokeratology lenses, peripheral myopic defocus design spectacle
lenses, and others) less than one year after wearing single vision spectacle lenses, and 61 were not found to have
any follow-up records. Finally, a total of 21 SVL subjects (42 eyes) were included in the study.

Measurement of ocular parameters and characteristics

All objective examinations involved in this study were performed in the multi-functional examination rooms of
the Department of Optometry at the Shanxi Aier Eye Hospital and Taiyuan Aier Eye Hospital, and a dedicated
person was responsible for all examinations. Objective examinations included: autorefraction, (TOPCON, KR-
800, JAP); intraocular pressure, non-contact tonometer (NIDEK, NT-510, JAP); AL, ophthalmic optic correlation
biometry (TOMEY, OPTICAL BIOMETEROA-2000, JAP); corneal thickness and corneal endothelium, corneal
endothelial cell microscope (TOMEY, EM-400, JAP); corneal topography, corneal topographer (TOMRY, TMS-
5,JAP) For the above objective examinations, the eyes were asked to be opened as wide as possible while ensuring
that the patient was in the correct position, and the final result was the average of the three measurements or
optimal result (topography). Subjective examinations included: visual acuity, standard logarithmic visual acuity
chart (GB11533-2011); evaluation of the anterior eye segment and fit assessment of MF-RGPCL, digital slit lamp
(Topcon, AJ6000823, JAP); preliminary examination of the eye position, corneal reflectance and masking test;
subjective refraction, NRA, PRA, BCC, distance and near eye positions (Von Graefe method), comprehensive
optometry (TOPCON, CV-5000, JAP). Subjective refraction followed MPMVA principles. All of the above
examinations were performed under an illumination intensity of about 350 Ix.

Measurement of the treatment zone decentration for corneal topography

The axial power corneal topography of the naked eye was measured before fitting the MF-RGPCL (Fig. 9a),
and the instantaneous power corneal topography was measured after the fitting (Fig. 9b). The examiner and the
environment were as described in “Measurement of ocular parameters and characteristics” above.The eccentricity
distance of the MF-RGPCL was defined as the distance from the center of the pupil to the center of the treatment
area °> 33, The treatment area: In the TOMEY system, the mode was set to instantaneous, take the pupil centre
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A total of 165 and 124 individuals were screened out to wear MF-RGPCLs and SVL
respectively from January 2020 to December 2021.

Screening

the MF-RGPCLs group the SVL group
117 Excluded

23 combined with other methods 103Excluded

34 with a history of stopping wearing 39 replaced with defocus lenses

for more than 1 week 64 no follow-up records

49 not followed up at least once

11 with large strabismus.

48 enrolled in the MF-RGPCLs ‘ 21 enrolled in the SVL group

[- Follow up

3. 6+ 9. 12-month visit
48 compleled follow up

12-month visit

21 compleled follow up

Analysis

N=48(96 eyes ) N=21(42 eyes)

Fig. 8. Flow diagra.

as the reference, and the refractive error and curvature values were automatically displayed when the mouse was
clicked at any point (Fig. 9b), and the range of corneal curvature that varied within 1.00 D and had fewer than
two colour variations was selected®, which is the treatment area of the ME-RGPCL (Fig. 9¢, blue circle). Open
the downloaded topography in Adobe Illustrator CC 2019 and make the horizontal and vertical bisectors of the
treatment area respectively, and the two line segments intersect at the point S at the centre of the treatment area
(Fig. 9¢, purple star). The distance between the pupil center point O (Fig. 9¢, red point) and the point S is the
eccentricity distance of MF-RGPCL. In TOMEY’s system, the parameters of the corneal topography can be set.
Here, we only show the pupil diameter and coordinate axis, and each small box in the coordinate is 0.02 mm.
Take the center O of the pupil as the origin, and the directions 0° and 90° as the X and Y axes, respectively. In
Adobe Ilustrator CC 2019, draw a line segment from the origin O to the center S of the treatment area, and the
Angle o between OS and the X axis can be automatically displayed. The vertical line of the X-axis through the
point S is at the point H, and OH can be read through the axes (Fig. 9¢, red box in the upper right corner). Then
OS=0H/ | cosa |. In this case, the angle is 135.6° and OH=0.15 mm, then OS= | c0s135.6° | /0.15=0.17 mm.
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Fig. 9. Evaluation and measurement of decentration of MF-RGPCL. (a) Axial power corneal topography;

(b) Instantaneous power corneal topography; (c) The measurement of the treatment area, with blue circles
indicating the size of the treatment area, purple stars indicating the center of the treatment area, and the red
dot indicating the center of the pupil. OS is the eccentricity distance. The red box in the upper right corner of
Figure c represents a partially enlarged image, and also indicates that SH is perpendicular to the X-axis and the
angle between the OS and the X-axis.

Statistical analysis

All the data were entered into the Data editor system of IBM SPSS Statistics 26 for the normal distribution test.
For the comparison between two groups of variables, if they were normally distributed, the independent samples
t-test was used, and the result was expressed as mean+SD (standard deviation); if they were non-normally
distributed, the non-parametric Wilcoxon rank test was used, and the result was expressed as the median (25%
percentile, 75% percentile). For the comparison of 23 groups of variables, the homogeneity of variance test is
first performed on the variables. If the variance was not homogeneous, but the variance ratio between the group
with the highest variance and the group with the lowest variance is less than 3, the default analysis of variance
results will not be affected. Therefore, this study only used One Way ANOVA (F-test) for the comparison of
multiple groups of variables. In analysing the factors influencing the axial elongation in the MF-RGPCL group,
in addition to multiple regression analysis, Pearson (between continuous numerical variables) and Spearman
(between rank variables) correlation analyses were used. All statistical analyses of data involved above were used
IBM SPSS Statistics 26 and statistical graphs were produced using GraphPad Prism. Auxiliary lines or labels in
heatmaps and other plots were drawn using Adobe Illustrator CC 2019 or Adobe Photoshop CC 2015. In this
study, the sample size (n) was 96 for all parameters pertaining to the eyes and 48 for parameters pertaining
to individuals in the MF-RGPCL group. Similarly, the sample size (n) was 42 for all parameters pertaining
to the eyes and 21 for parameters pertaining to individuals in the SVL group. In the expression of significant
differences, * means P<0.05, ** means P<0.01, *** means P<0.001, and **** means P<0.0001.

Data availability
The datasets used and analyzed during the current study are available from the corresponding author on rea-
sonable request.
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