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Purpose: To evaluate the axial elongation in highly myopic eyes and assess the effects of age, sex, baseline axial
length (AL), cataract surgery (CS), pathologic myopia (PM), baseline intraocular pressure (IOP), and genetic risk scores
(GRSs).

Design: Retrospective cohort study.

Participants: This study included 614 eyes from 367 individuals with high myopia.

Methods: The study assessed axial elongation rates and their associations with age, sex, baseline AL, CS, PM, and
baseline IOP including potential interactions among these factors. Additionally, the study examined whether incor-
porating GRS improved the predictive model for axial elongation.

Main Outcome Measures: Axial elongation rate in highly myopic eyes.

Results: The study included 367 participants (217 [59.1%] females, 150 [40.9%] males) with a mean age of
58.9 + 14.4 years and a mean AL of 28.6 + 2.0 mm. The mean follow-up duration was 4.7 + 2.7 years, and the average
axial elongation rate was 0.031 = 0.030 mm/year. Cataract surgery was associated with significantly slower axial
elongation (P < 0.001). Multivariate analysis revealed that axial elongation increased with age and baseline AL but
decreased with CS and an age—AL interaction. The best-fitting model excluded GRS, thus achieving a lower Akaike
information criterion score (—573.4) than models including GRS.

Conclusions: Axial elongation persists in highly myopic eyes (0.031 mm/year) but slows over time, owing to
baseline AL—age interactions. Genetic risk scores have limited predictive utility in adulthood. This highlights the need
for further research on genetic and environmental determinants of myopia progression.

Financial Disclosure(s): Proprietary or commercial disclosure may be found in the Footnotes and Disclosures at
the end of this article. Ophthalmology Science 2026,6:100937 © 2025 by the American Academy of Ophthalmology.
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Axial length is a key parameter reflecting overall eye
length, typically measuring approximately 24 mm in
healthy eyes. A 1-mm increase in AL correlates with
approximately 3 diopters of axial myopia and can exert
mechanical stress on the choroid and optic nerve. Notably, a
I-mm increase in AL is associated with an odds ratio of
4.20 for developing myopic maculopathy, which is a lead-
ing cause of blindness in developed countries."”
Furthermore, the presence of myopia, including among
children, is increasing globally.” > Therefore, understand-
ing the causes of axial elongation is crucial.

In normal development, axial length (AL) increases
during childhood, reaching an average of 22.4 mm by
approximately 7 years of age and attaining adult levels by
approximately 13 years.”’ However, in high myopia,
axial elongation may persist even in adulthood.® Several
studies have reported annual axial elongation rates in high
myopia ranging from 0.01 to 0.06 mm/year.”'* Various
factors have been extensively investigated, with baseline
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AL, female sex, age, posterior staphyloma, and other fac-
tors recognized as significant risk factors for axial
elongation.” '"'> However, previous reports have not
examined the interactions between these risk factors, thus,
highlighting the need for more sophisticated modeling to
better understand axial elongation. Moreover, the role of
genetic factors in longitudinal axial elongation is
underexplored. Genome-wide association studies have
identified multiple single nucleotide polymorphisms (SNPs)
associated with AL, and the genetic risk scores (GRS)
derived from these SNPs show strong correlations with
AL.'O 18 However, these associations have been estab-
lished through cross-sectional studies, leaving the longitu-
dinal relationship between GRS and axial elongation
unexplored.

This study utilized data from 614 eyes of individuals
with high myopia to evaluate the rate of axial elongation.
We assessed the contributions of age, sex, baseline AL,
cataract surgery (CS), pathologic myopia (PM), and
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baseline intraocular pressure (IOP) to axial elongation rate,
including the potential interactions among these factors.
Furthermore, we investigated whether incorporating GRS
into the model improved predictive performance for axial
elongation.

Methods

This investigation is framed as a retrospective cohort study,
approved by the Ethics Committee of Kyoto University Graduate
School of Medicine, and conducted in accordance with the prin-
ciples of the Helsinki Declaration. All the participants provided
informed consent.

Participants

We reviewed the medical records of 1262 patients who first pre-
sented to the Macular Clinic of Kyoto University Hospital be-
tween January 2011 and June 2018, including a total of 2524 eyes.
The inclusion criteria comprised patients aged >20 years, with an
initial AL >26 mm, who underwent at least two AL measure-
ments, and the time between the first and last AL measurements
was required to be >30 days. Eyes that underwent any intraocular
surgical procedure—excluding CS—before or during the obser-
vation period were excluded from the analysis. Refraction mea-
surements were performed using an autorefractor (ARK-530K,
NIDEK), whereas the spherical equivalent power was calculated
as the sum of the spherical power and half of the cylindrical po-
wer. Axial length and corneal curvature radius were measured
using an IOLMaster 500 or 700 (Carl Zeiss Meditec) depending on
the measurement period. We selected the measurement mode
based on the lens status: phakic mode for phakia, pseudophakic
mode for pseudophakic eyes, and aphakic mode for aphakia,
ensuring that measurement errors were minimized. In this study,
age was defined as the baseline age.

Genetic Risk Score

To investigate whether axial elongation was associated with
known genetic factors, we calculated the GRS for participants who
were also included in the Kyoto High Myopia Cohort and had
available genotype data. The details of the Kyoto High Myopia
Cohort have been previously reported;'” therefore, only a brief
overview is provided here.

Participants were genotyped using either Asian Screening
Array-24 BeadChip or whole-genome sequencing. For the Asian
Screening Array-24 BeadChip dataset, genotype quality control
(QC) and imputation were performed, and only imputed SNPs
with R> > 0.3 were included in the analysis. For the whole-
genome sequencing dataset, SNPs that passed QC were included
in the analysis. Further details on genotype imputation and QC for
each dataset are provided in the Notes S1 (available at www.
ophthalmologyscience.org).

Of the 31 susceptibility SNPs for AL previously reported in the
Tohoku Medical Megabank Organization Eye Study of the Japa-
nese population,'® those that passed the QC in all data sets were
used to calculate the GRS. The GRS was computed using the
following formula:

GRS = (8 x Nga),
SNPs

where ( represents the effect size, and Ng, denotes the number
of effect alleles (0, 1, or 2) for each SNP included in the GRS
calculation.

Statistical Analysis

Estimates of the best linear unbiased predictors were calculated
using a linear mixed-effects model based on longitudinal mea-
surements of each eye and expressed in millimeters per year as the
rate of axial elongation. In this model, we included random effects
for eyes nested within participant identifier to account for
participant-level differences and eye-level differences within
participants. The analysis was conducted using SAS OnDemand
for Academics (SAS Institute Inc).

Comparisons of axial elongation between sexes and between
groups that underwent CS and those that did not were performed
using the Mann—Whitney U test. Age and AL were also compared
between sexes using the Mann—Whitney U test. AL, age, GRS, and
baseline IOP were stratified into quartiles, and the Kruskal—Wallis
test, followed by the Steel—Dunnett method, was employed to
compare the rate of axial elongation. Additionally, myopic macul-
opathy, classified based on the Meta-Analysis for Pathologic
Myopia (META-PM) classification, was analyzed using the
Kruskal—Wallis test followed by the Steel—Dunnett method for
each category. To identify the factors contributing to the prediction
of axial elongation, multivariable generalized linear mixed models
were used, with the axial elongation rate as the dependent variable
and baseline AL, age, sex, CS during the observation period,
baseline IOP, PM, and two-factor interactions as explanatory var-
iables. A stepwise selection method was employed to identify the
most relevant variables and construct the final model, with Akaike
information criterion (AIC) used to assess model fit. Variance
inflation factors, after mean centering, were assessed to evaluate
multicollinearity among covariates. In addition, a Pearson correla-
tion analysis was performed to evaluate potential multicollinearity
between age and AL.

A generalized linear model analysis was utilized to evaluate
whether incorporating GRS improved the predictive ability of the
axial elongation model. In the analysis, the rate of axial elongation
of the right eye was used as the dependent variable, with age,
baseline AL, sex, CS, GRS, baseline I0P, PM, and two-factor
interactions included as explanatory variables. For participants
who did not have right eye axial elongation data but had left eye
axial elongation data, the analysis was conducted using the rate of
axial elongation of the left eye instead. A full model incorporating
all variables and interaction terms was developed, and the optimal
model was determined via stepwise selection based on the mini-
mum AIC. Additionally, GRS was forced into the model, whereas
a stepwise selection method was applied to derive the model with
the lowest AIC.

To evaluate IOP before and after CS, we calculated the average
IOP within 3 years before and after the surgery for 114 eyes with
available IOP data that underwent CS during the observation
period. Intraocular pressure measurements taken within 7 days
after CS were excluded. The difference in mean IOP before and
after CS was assessed using a Mann—Whitney U test. The asso-
ciation between the change in IOP and the axial elongation rate
was examined using a linear mixed-effects model adjusting for
age, baseline AL, and baseline IOP, while accounting for intereye
correlation. Statistical analyses were conducted using RStudio
(R version 4.3.2).

Results

Table 1 presents the demographic and clinical
characteristics of the patients. Axial elongation rates were
calculated for 614 eyes from 367 participants, of whom
217 (59.1%) were females and 150 (40.9%) were males.
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Table 1. Patient Demographic Characteristics at Initial

Examination
Baseline Demographics Values P Value
Patients (eyes), n 367 (614)
Age, years total 58.9 (14.4)
Male 56.6 (14.6) 0.001
Female 60.5 (14.1)
Sex, female (%) 217 (59.1)
Follow-up period, years 7(2.7)
AL, mm total 28 6 (2.0)
Male 28.3 (2.0) 0.006
Female 28.7 (2.1)
SE, D —10 O (5.8)
Corneal curvature, mm 7 (0.3)
IOP, mmHg 15 0 (3.7)
Lens status, n (%)
Phakia 506 (82.4)
Pseudophakia (14.3)
Aphakia (3.3)
Category of myopic 606
maculopathy, n (%)
Category 0 or 1 317 (52.3)
Category 2 106 (17.5)
Category 3 102 (16.8)
Category 4 1(13.4)

AL = axial length; D = diopter; SE = spherical equivalent; IOP =
intraocular pressure.

Means (standard deviations) are presented.

P values <0.05 are indicated in bold.

The mean age was 58.9 £ 14.4 years, and the mean AL was
28.6 4+ 2.0 mm. Females were significantly older than males
(60.5 £ 14.1 vs 56.6 &+ 14.6 years, P=0.001) and had a
significantly longer baseline AL (28.7 £+ 2.1 wvs
283 + 2.0 mm, P = 0.006). The average spherical
equivalent was —10.0 £ 5.8 diopters and the mean
corneal curvature was 7.7 £ 0.3 mm. The mean follow-up
duration was 4.7 4+ 2.7 years, and the average number of
AL measurements was 3.01 £ 1.27 times. The mean IOP
was 15.0 £ 3.7 mmHg. Out of the 614 eyes, 8 had unclear
fundus photographs, resulting in classification for only 606
eyes. Among these 606 eyes classified by the category of
myopic maculopathy, 317 eyes (52.3%) were categorized as
category 0 or 1, 106 (17.5%) as category 2, 102 (16.8%) as
category 3, and 81 (13.4%) as category 4.

Table 2 presents the rates of axial elongation stratified by
various parameters. The mean axial elongation rate was
0.031 £ 0.030 mm/year. Males had a rate of
0.029 £ 0.022 mm/year, whereas females exhibited a rate
of 0.032 + 0.034 mm/year (P = 0.059). Comparisons
across baseline AL quartiles revealed significantly higher
rates in Q2 (26.90—28.05 mm), Q3 (28.05—29.79 mm),
and Q4 (>29.79 mm) than Q1 (26—26.90 mm). Further
stratification by AL and age is detailed in the
supplementary materials. Among the participants with
ALs exceeding 27 mm, axial elongation was significantly
faster than in those with lengths between 26 and 27 mm.
However, no significant differences were observed when
age was categorized into quartiles or 10-year increments
as shown in Table S1 (available at www.
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Table 2. Stratified Comparison of Axial Length Elongation Rates
by Sex, Age, Baseline Axial Length, GRS, Cataract Surgery,
Myopic Maculopathy, and Intraocular Pressure

Group Mean, mm/yr (SD) P Value
Patients 0.031 (0.030)
Sex
Male 0.029 (0.022) 0.059
Female 0.032 (0.034)
Age, yr
<49.33 Q1 0.032 (0.020) Reference
49.33—61.33 Q2 0.031 (0.019) 0.982
61.33—69.44 Q3 0.031 (0.045) 0.609
>69.44 Q4 0.028 (0.027) 0.917
BAL, mm
<26.90 Q1 0.024 (0.014) Reference
26.90—28.05 Q2 0.028 (0.014) 0.005
28.05—-29.79 Q3 0.036 (0.047) <0.001
>29.79 Q4 0.033 (0.030) <0.001
GRS
<—0.300 Q1 0.027 (0.014) Reference
—0.300 to —0.164 Q2 0.037 (0.027) 0.483
—0.164 to —0.043 Q3 0.041 (0.08) 0.606
>—0.043 Q4 0.030 (0.025) 0.989
Cataract surgery during
the observation period
Yes 0.025 (0.029) <0.001
No 0.032 (0.030)
Myopic maculopathy
Oorl 0.0287 (0.018) Reference
2 0.0374 (0.023) <0.001
3 0.0339 (0.052) 0.215
4 0.0248 (0.035) 0.990
Intraocular pressure
<12.5 Q1 0.0287 (0.016) Reference
12.5—15.0 Q2 0.0328 (0.046) 0.805
15.0—17.0 Q3 0.0297 (0.022) 0.952
>17.0 Q4 0.0309 (0.027) 0.720

BAL = baseline axial length; GRS = genetic risk score; SD = standard
deviation.
P values <0.05 are indicated in bold.

ophthalmologyscience.org). Moreover, participants who
underwent CS during the observation period, which
included 119 eyes (5 of which remained aphakic without
an intraocular lens after surgery), exhibited significantly
slower axial elongation than those who did not (P < 0.001).

Table 3 presents the best multivariate analysis models
with axial length growth rate as the dependent variable.
The full model, which included all explanatory variables
and two-factor interaction terms and is shown in Table S3
(available at www.ophthalmologyscience.org), had an
AIC of —2295, whereas the best model achieved a lower
AIC of —2525, thus indicating a better model fit. The
AIC of the best model was more than 10 points lower,
suggesting a 51% ificantly better performance than that of
the full model.”” In the best model, age and AL were
positively associated with axial elongation, while CS and
the interaction between age and AL were negatively
associated. Variance inflation factors after mean centering
and correlation analyses indicated no concerning
collinearity between age and AL. Detailed results are
provided in the Table S4 (available at www.
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Table 3. Best Multivariate Analysis Models with Axial Length
Growth Rate as the Dependent Variable

Estimate SE P Value AIC
Age 0.0040 0.0015 0.010 —2525
BAL 0.0098 0.0034 0.004
CS —0.0077 0.0037 0.035
Age*BAL —0.0001 0.0001 0.008

AIC = Akaike information criterion; BAL = baseline axial length;
CS = cataract surgery; SE = standard error; * = interaction term.
P values <0.05 are indicated in bold.

ophthalmologyscience.org). Notably, the effect of CS was
statistically significant (P = 0.035), thereby suggesting its
potential impact on axial elongation.

Among the 367 participants, genome-wide SNP data
were available for 169 individuals, thus enabling the suc-
cessful calculation of the GRS. Of the 31 susceptibility
SNPs for AL, 28 were included in the GRS calculation.
Details of these SNPs are provided in Table S2 (available at
www.ophthalmologyscience.org). Table 4 compares the
models. The full model, which included all explanatory
variables and interaction terms, had an AIC of —548.
When GRS was forcibly included in the model and
stepwise selection was applied, the AIC improved to
—572. However, the best model, derived through stepwise
selection without forcing GRS, achieved the lowest AIC
of —573. This indicates that incorporating the GRS did
not enhance the predictive performance of the model for
axial elongation for this adult cohort, as excluding GRS
resulted in a better model fit.

The preoperative mean IOP was 14.7 + 2.9 mmHg, and
the postoperative mean IOP was 14.3 £+ 2.4 mmHg, with
Mann—Whitney U test showing a significant difference
(P=0.009). In multivariable linear mixed-effects analysis,
adjusting for age, baseline AL, and baseline IOP, the
change in IOP was not significantly associated with axial
elongation rate ( = 0.00009, P=0.95).

Discussion

In this study, we modeled the axial elongation rate in 614
eyes with high myopia using a linear mixed-effects model.
In line with previous studies, we confirmed that longer ALs
were associated with faster axial elongation. Notably, we

identified an interaction between age and baseline AL. This
indicated that while significant AL and older age are
generally linked to increased axial elongation, the axial
elongation rate slows as AL and age advance. Our findings
suggest that incorporating the GRS did not enhance the
predictive performance of the model for axial elongation in
this adult longitudinal study.

Previous studies, primarily conducted in Asian pop-
ulations, have reported that axial elongation in adults with
high myopia ranges from approximately 0.01 to 0.06 mm/
year.” '* The rate of AL elongation has been estimated
using different methods. These include calculating the
annualized AL change from 2 time points and applying
linear mixed-effects models that incorporate data from >3
time points. The mixed-effects model is statistically robust
because it accounts for both fixed and random effects while
capturing individual variability, making it well-suited to our
analysis. A recent large-scale study by Kong et al applied a
mixed-effects model to analyze 1043 eyes and over 5359
data points. The study reported an axial elongation rate of
0.03 mm/year, which aligns with our findings and further
supports the validity of our model.”’ Therefore, our results
suggest that an axial elongation rate of approximately
0.03 mm/year acts as a reasonable estimate.

Numerous studies have identified various factors influ-
encing axial elongation in patients with high myopia.
Baseline AL has been consistently recognized as a key
determinant across studies, and our findings corroborate this
trend.””'>'* Consequently, individuals with longer initial
AL may be more susceptible to further elongation, thus
warranting careful monitoring.

The role of sex in axial elongation remains controversial,
with conflicting findings reported in the literature. Although
several large-scale studies have identified female sex as a
risk factor, our results did not support this association. In
our study, although univariable analysis showed a trend
toward a faster axial elongation rate in females compared
with males (P = 0.059), sex was not retained as an inde-
pendent factor in the multivariable model after stepwise
selection. The observed effect of sex on axial elongation
was likely confounded by baseline AL and age, as females
had a significantly longer baseline AL and were signifi-
cantly older than males. Previous reports indicated that 10%
to 25% of participants exhibited axial elongation exceeding
0.1 mm/year, whereas only 1.1% of participants in our
study showed this trend, thereby suggesting a potential
impact on our findings.'*' The variation in proportions
may stem from differences in the study populations,

Table 4. Comparison of Model Results: Best Model via Stepwise Method, Best Model with GRS Forced Inclusion via Stepwise Method,
and Full Variable Model

Full model (including all variables and two-factor interaction terms)
Best model with GRS forcibly incorporated into the model
Best model

Model AIC
(age + BAL + sex + CS + GRS + PM + I0P)? —548.3
age + BAL + CS + GRS + age*CS + BAL*CS —571.6
age + BAL + CS + age*CS + BAL*CS —573.4

AIC = Akaike information criterion; BAL = baseline axial length; CS = cataract surgery; GRS = genetic risk score; IOP = intraocular pressure;

=

PM = pathologic myopia; * = interaction term.
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including the younger age of participants in Kong et al’s
study and the more severe myopia in subjects analyzed by
Ran et al. Both studies were based on hospital cohorts
with myopia, which was also observed in our study.
Future studies should include general population-based
cohorts to better elucidate determinants of axial elongation.

The finding that CS is associated with a significantly
slower axial elongation is novel and has not been previously
reported. Previous studies have established that IOP de-
creases after CS in both normal and glaucomatous
eyes.”” *7 Although the exact mechanism by which a
reduced IOP influences axial elongation remains unclear, a
leading hypothesis posits that a lower IOP may inhibit the
activation of scleral fibroblasts, thereby suppressing scleral
remodeling.””*® Consequently, a reduction in IOP
following CS may contribute to decreased axial
elongation. In this study, we observed a reduction in
mean IOP before and after CS. However, the association
between the difference in preoperative and postoperative
mean IOP and the axial elongation rate was not
statistically significant, and it remains unclear whether the
reduction in IOP truly suppresses axial elongation.
Furthermore, it is important to consider that the
intraocular lens implantation itself may also influence
postoperative AL measurements, independent of the IOP
reduction. This potential factor should be taken into
account when interpreting the results. Therefore, the
relationship between CS, IOP, and AL should be
interpreted with caution, and further research is needed to
clarify this association. Emerging evidence suggests that
glaucoma eye drops may inhibit the progression of axial
elongation, and randomized controlled trials are currently
underway.'”*"* Qur findings may provide additional
support for this hypothesis.

Modeling the interaction terms is crucial for under-
standing the axial elongation. Previous studies did not ac-
count for interaction terms in their models, implicitly
suggesting a positive feedback mechanism in which an
increased baseline AL corresponds to accelerated axial
elongation. In contrast, our investigation of the interaction
terms indicated a negative feedback mechanism, while the
rate of axial elongation increased with a longer baseline AL
and older age; their negative interaction gradually attenu-
ated this acceleration. Based on this finding, AL does not
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and age. Although genetic factors influence the final AL,
our results reveal that the GRS has limited predictive value
for axial elongation in adulthood. Identifying additional
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understanding of myopia progression.
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Supplementary Table 1. Comparison of axial elongation rates by detailed

stratification of axial length and age

Eyes (n) Mean, mm/year (SD)  p-value
Axial length, mm 2627 170 0.024 (0.013) reference
27-28 134 0.028 (0.014) 0.04
28-29 98 0.032 (0.019) <0.001
29-30 68 0.044 (0.067) <0.001
>30 144 0.032 (0.030) <0.001
Age, years 20-30 22 0.035 (0.023) reference
3040 58 0.039 (0.024) 0.82
40-50 86 0.026 (0.013) 0.16
50-60 118 0.031 (0.020) 0.91
60-70 181 0.030 (0.043) 0.60
70-80 118 0.030 (0.026) 0.90
>80 31 0.027 (0.021) 0.38

P values < 0.05 are indicated in bold. SD, standard deviation



Supplementary Table 2. SNPs used for the calculation of genetic risk scores

Chr Lead SNP Position Nearest Gene RA EA EAFreq B SE
15 1s16959560 35006600 LINC02252-GJD2 A G 0.535 0.084  0.009
17 rs151278468 54634412 ANKFNI-NOG G A 0.012 -0.397  0.044
7 rs141313179 158906675 VIPR2 A G 0.010 0.364  0.040
22 rs10453459 46366127 WNI7B G C 0.668 -0.085  0.009
11 1s7936359 40148976 LRRC4C T A 0.204 0.078  0.011
15 rs13380109 79378775 RASGRF1 G A 0.513 0.06  0.009
2 rs77311538 233386148 PRSS56 C G 0.093 -0.103  0.015
4 NA 17883603 FAM184B—-DCAF16 GA GAA 0.231 -0.072  0.011

—LCORL
22 rs4823003 29410232 ZNRF3 A C 0.595 -0.058  0.009
14 rs10459508 54485490 BMP4-CDKN3 A G 0.521 -0.056  0.009
16 rs4889024 79796196 MAFTRR C A 0.716 -0.062  0.010
6 157744813 73643289 KCNQ5 C A 0.763 0.061  0.010
12 rs3138142 56115585 RDHS C T 0.049 -0.117  0.021
10 rs11204213 48388228 RBP3 C T 0.018 0.188  0.033
8 rs16890057 40726582 ZMAT4 G A 0.068 -0.1 0.017
16 rs3848363 370484 AXINI T C 0.405 -0.05  0.009
8 1s36005291 60179048 LOCI100505501-CAS8 CA C 0.442 -0.048  0.009
3 1s7651194 47540917 ELP6 G A 0.551 -0.047  0.009
20 1s146314970 6757519 BMP2 TA 0.185 0.059  0.011
6 1s58353542 170491975 LOC102724511— T G 0.128 -0.062  0.013
LOC154449
13 NA 50134748 RCBTBI AT ATT 0.124 -0.063  0.013
11 rs3741210 2169540 IGF2-4S A G 0.454 -0.042  0.009
4 rs147732642 55089323 GSX2-PDGFRA C CT 0.152 -0.055  0.012
15 1s965480 77781926 HMG204— G 0.407 0.04  0.009
LOC101929457
8 1s72609833 121669010 SNTB1 C A 0.375 0.039  0.009
10 1s7902218 104740210 CNNM2 A G 0.285 -0.043  0.010
5 rs35305813 151225351 GLRAI T TA 0.104 0.061 0.014
2 rs60806750 36577213  MIR5484D-CRIMI1-DT T C 0.330 0.036  0.009

The positions were based on the National Center for Biotechnology Information Build 37.

SNP, single-nucleotide polymorphism; CHR, chromosome; BP, base pair; RA, reference allele; EA, effect

allele; EAF, effect allele frequency; SE, standard error.



Supplementary Table 3. Full multivariable analysis model with axial length growth rate as the dependent

variable
Full model
Estimate SE p-value

Age 0.0034 0.0017 0.053
Sex 0.0211 0.0496 0.671
BAL 0.0156 0.0053 0.003
CS 0.0748 0.0611 0.222
PM 0.0520 0.0558 0.352
10P 0.0060 0.0046 0.198
Age*Sex -0.0001 0.0002 0.654
Age*BAL -0.0001 0.0001 0.060
Age*CS -0.0004 0.0004 0.300
Age*PM 0.0000 0.0003 0.876
Age*IOP 0.0000 0.0000 0.626
Sex*BAL -0.0009 0.0018 0.599
Sex*CS 0.0026 0.0078 0.740
Sex*PM 0.0030 0.0070 0.666
Sex*IOP 0.0002 0.0008 0.817
BAL*CS -0.0017 0.0019 0.357
BAL*PM -0.0017 0.0018 0.351
BAL*IOP -0.0002 0.0002 0.168
CS*PM -0.0051 0.0082 0.530
CS*IOP 0.0000 0.0010 0.975
PM*IOP -0.0001 0.0009 0.934

AIC -2295

BAL, baseline axial length; CS, cataract surgery; PM, pathologic myopia; IOP, intraocular pressure; SE, standard error; AIC, Akaike

information criterion.



Supplementary Table 4. Multicollinearity and correlation in the best model

Metric Value
Age (centered) VIF 1.061
Axial length (centered) VIF 1.048
Age (centered) * axial length (centered) interaction VIF 1.023
Cataract surgery VIF 1.072
Pearson correlation (age, AL) 0.108

VIF, variance inflation factor; AL, axial length.

Interpretation:
All VIF values after mean centering were approximately 1, indicating no multicollinearity among the predictors.

The correlation between age and AL was statistically significant but weak.



Supplementary Methods

Methodological details

Details of the Kyoto High Myopia Cohort

The Kyoto High Myopia cohort comprised patients with high myopia recruited from the
Kyoto University Hospital, Tokyo Medical and Dental University, Fukushima Medical University
Hospital, Ozaki Eye Hospital, and Kobe City Medical Center General Hospital as previously
described.!"® All participants in the Kyoto High Myopia Cohort underwent dilated indirect and contact
lens slit-lamp biomicroscopy, automatic objective refraction evaluation, measurement of the axial
length by applanation A-scan ultrasonography (UD-6000; Tomey, Nagoya, Japan) or partial coherence
interferometry (IOLMaster; Carl Zeiss Meditec, Dublin, CA), color fundus imaging and spectral-
domain OCT with or without OCT angiography fundus autofluorescence, fluorescein angiography,
and/or indocyanine green angiography. Participants were genotyped using the Illumina HumanHap550
BeadChip, [llumina Human660W-Quad BeadChip, Illumina Infinium Asian Screening Array-24

BeadChip, or whole genome sequencing.

All procedures were performed in accordance with the Declaration of Helsinki after
approval of the protocols by the Institutional Review Board and the Ethics Committee of each
participating institute. The purpose and procedures of the study were fully disclosed to all

participants, and written informed consents were obtained from them.



Genotyping and Imputations

The ASA dataset

Genomic DNA was prepared from peripheral blood samples for SNP genotyping, according to
standard laboratory procedures. After genome-wide SNP genotyping, stringent initial quality control
(QC) was performed on the data of participants and SNPs. Through the QC process, (1) participants
with a call rate < 0.9, (2) SNPs with a call rate < 0.9, (3) SNPs with a minor allele frequency (MAF)
<0.01, and (4) SNPs showing deviation from the Hardy-Weinberg equilibrium (HWE; P<1.0 x 10~
% in control subjects) were excluded.

After the initial QC, genomic imputation was performed for each dataset using the Michigan
imputation server (https://imputationserver.sph.umich.edu/index.html#!pages/home), with the 1000
Genomes dataset (phase3 v5 release) of East Asians as a reference panel. Subsequently, we
conducted secondary QC. We excluded (1) imputed SNPs for which R? was <0.9, (2) SNPs with

MAF < 0.01, and (3) SNPs showing deviation from the HWE (P < 1.0 x 10~° in control subjects).



The WGS dataset
For 274 samples from the Kyoto High Myopia Cohort, DNA from whole-blood samples was
sequenced on the Illumina HiSeq X platform using the PCR-free 150 paired-end of 450 base pair
fragments protocol. The sequenced raw data were processed, and a FASTQ file was obtained. For
these samples, FASTQ data were aligned with bwa ver. 0.7.17 and the “mem” option to
GRCh38DH.fa, and a joint-call operation was conducted with the GATK best practices workflow
(GATK ver. 4.1.4). To stabilize the joint calling accuracy and consistent variant calls to the control
dataset, we used 11,238 WGS datasets,’ and extracted the variant call format file of eligible samples.
From this dataset, we selected participants who met the inclusion criteria.

Finally, we applied the following QC; we excluded (1) SNPs with a call rate < 0.9, (2) SNPs
with MAF < 0.01, (3) SNPs showing deviation from the HWE (P < 1.0 x 10~ in control subjects),

and (4) participants with a call rate < 0.9.
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