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Purpose: To construct a predictive model for personalized recommendation of peripheral defocus spectacle designs based on ocular
biometric parameters.

Methods: This retrospective cohort study included 2824 myopic children who wore peripheral defocus spectacles at the
Ophthalmology Center of Peking University People’s Hospital. Participants were divided into five groups according to the spectacle
designs (Diversified Segmental Defocus Optimization [DSDO], Diffusion Optics Technology [DOT], Defocus Induced Multiple
Segment [DIMS], Highly Aspherical Lenslets [HALT], Hexagon Optimized Reticular Integration [HORI]) and matched for gender,
age, and baseline biometric parameters. The dataset was randomly split into training (80%) and validation (20%) sets for model
evaluation. Separate multiple linear regression prediction models based on ocular biometric parameters were constructed for each
designs. Finally, an R language function was developed for clinical personalized recommendation.

Results: After matching baseline parameters, no statistically significant difference was observed in axial elongation control efficacy
among the five peripheral defocus spectacles designs (P = 0.28). The coefficient of determination (R?) ranged from 0.89 to 0.96 in the
training set and from 0.88 to 0.97 in the validation set; the root mean square error (RMSE) ranged from 0.05 mm to 0.07 mm in the
training set and from 0.04 mm to 0.07 mm in the validation set. Calibration plots showed good agreement between predicted and
observed values.

Conclusion: Although no significant differences in average efficacy were observed among the five designs, this study successfully
established predictive models based on ocular biometric parameters to guide personalized fitting of peripheral defocus spectacles.

Plain Language Summary: Defocus glasses have been proven to slow down the progression of myopia, but there is currently no
method for selecting the type of defocus lenses on an individual basis. This study proposes a model for personalized selection of

defocus lenses based on ocular biometric data. This model will offer guidance in clinical decisions for myopia management strategies.
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Background

Myopia is an emerging public health concern worldwide, with its prevalence escalating at an alarming rate, especially in
Asia. Projections for 2050 suggest that myopia will affect approximately 50% of the global population, establishing it as
the foremost cause of irreversible vision impairment.’ A large-scale study in China, encompassing 5.09 million children

and adolescents, highlights the acute severity of myopia among individuals aged 7-18 years." Although Europe
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experiences a lower prevalence than Asia, increasing trends in countries like Germany confirm the pervasive nature of
myopia across diverse regions.” The World Health Organization identifies uncorrected or inadequately corrected myopia
as a significant contributor to blindness.” High myopia, defined as refractive error exceeding —6 diopters, predisposes
individuals to irreversible complications, including retinal detachment, glaucoma, and macular degeneration.*® The
aging demographic is expected to exacerbate the burden of myopia-related complications, such as early-onset cataracts,
on healthcare systems. Notably, the most rapid progression of myopia occurs during childhood, underscoring the
necessity for early intervention strategies to mitigate its development.’®

Effective control of pediatric myopia begins with a thorough understanding of its underlying mechanisms. Optical
defocus is critical in the etiology of myopia. The retina can discern when an image is focused behind (hyperopic defocus)
or in front of (myopic defocus) the eyeball and consequently adjusts axial growth to correct the focus.” Studies indicate
that the retina evaluates the defocus characteristics of natural images, such as contrast distribution, to identify defocus
types, influencing scleral remodeling processes.” Defocus signals may induce scleral thinning and axial elongation by
altering the remodeling of the scleral extracellular matrix (ECM), including the reduction of type I collagen synthesis and
increased degradation, which could constitute the core pathological process in myopia development.'® This mechanistic
insight provides a theoretical foundation for optical interventions designed to control axial growth through the artificial
introduction of myopic defocus signals.'!

A prevalent optical technology utilized in the intervention of myopia progression is the multi-zone positive defocus
strategy, as described in the literature.'? This class of corrective lenses encompasses varieties such as Defocus
Incorporated Multiple Segments (DIMS), Diversified Segmental Defocus Optimization (DSDO), and the Asymmetric
Multi-point Defocus Technique (AMDT). DIMS lenses achieve positive defocus by integrating multiple microlenses
within the peripheral lens zones.'' The DSDO technology, sharing conceptual similarities with DIMS, may augment
intervention effectiveness by offering a more adaptable defocus pattern through refined segmented defocus designs.'>'*
Meanwhile, the AMDT approach seeks to mitigate myopia progression via an asymmetric multi-point defocus
configuration.'? These methodologies are underpinned by the peripheral retinal defocus theory, employing optical design
to establish a constant defocus signal anterior to the retina, thereby influencing axial elongation. Clinical studies have
demonstrated that these lenses substantially decelerate myopia progression. Meta-analyses report that current peripheral
defocus spectacles reduce myopia progression by approximately 30—60% over 1-2 years compared to single-vision
lenses.'>'® However, a conclusive and effective approach for the individualized selection of defocus lenses for children
remains unavailable.

Our previous investigations have identified a correlation between ocular biometric parameters and the progression of
myopia. Specifically, reduced central corneal thickness may serve as a risk factor for advancing myopia in pediatric
populations.'” Prior studies indicate that corneal curvature (K) and corneal radius (CR) contribute to myopia develop-
ment by modulating refractive power. A flatter cornea (characterized by low curvature) is positively linked with axial
myopia, whereas a steeper cornea might inhibit myopic progression through compensatory mechanisms.'® Additionally,
dynamic alterations in anterior chamber depth (ACD) and lens thickness (LT) are implicated in refractive changes.
Myopic children often exhibit a deeper anterior chamber paired with a thinner lens; this particular biometric profile may
expedite the advancement of axial myopia.'® Moreover, ocular biometric parameters are integral to the selection of
myopia management strategies. These parameters are utilized not only for assessing myopia risk but also for tailoring
personalized intervention strategies. Notably, baseline axial length and corneal curvature are critical in determining the
suitability of orthokeratology (OK) lenses. A longer axial length and certain corneal features (such as a flatter cornea)
may augment the effectiveness of OK lenses in controlling myopia.'>*° Nonetheless, there is a lack of research
examining the relationship between ocular biometric parameters and the efficacy of various defocus spectacle lenses
for myopia control.

This study investigates the feasibility of utilizing ocular biometric parameters to predict the personalized fitting of
defocus spectacle lenses. Initially, we analyzed the correlation between ocular biometric indicators and the efficacy of
myopia control across various defocus lens brands. Subsequently, we developed a predictive model for myopia
progression based on these biometric parameters. Finally, we examined the application of this model in selecting the
most suitable defocus lens.
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Materials and Methods
Study Design and Ethical Statement

This retrospective cohort study utilized clinical data from pediatric patients fitted with defocus spectacle lenses at
the Ophthalmology and Optometry Center of Peking University People’s Hospital between January 1, 2022, and
June 30, 2025. The study protocol received approval from the Ethics Review Committee of Peking University
People’s Hospital (Approval No.: 2021PHB322-001). Written informed consent was obtained from a parent or legal
guardian of each participant. All procedures conformed to the ethical principles outlined in the Declaration of
Helsinki.

Study Subjects and Screening Criteria

The study enrolled myopic children aged 17 years or younger who were prescribed spectacles. Inclusion criteria
comprised a spherical equivalent (SE) refraction greater than —1.00 D, use of defocus spectacle lenses, availability of
comprehensive clinical data, provision of signed informed consent, and absence of alternative myopia control methods,
including but not limited to low-concentration atropine. Exclusion criteria encompassed hereditary ocular diseases,
follow-up duration of less than 12 months, concurrent use of other myopia control strategies, including but not limited to
low-concentration atropine, or a missing data rate exceeding 20% for critical variables. All five defocus lens designs were
available in spherical powers ranging from —0.50 D to —10.00 D, with cylindrical corrections up to —4.00 D, fully
covering the refractive prescriptions of all participants in this cohort.

Data Extraction and Variable Definitions

The study extracted the following variables from the electronic medical record system: sex, age at initial spectacle wear
(AGEofONSET), spherical power (Sphere), cylindrical power (Cylinder), axis of astigmatism (Axis), flat corneal
curvature (K1), steep corneal curvature (K2), corneal astigmatism (AST), pupillary distance (PD), corneal diameter
(white-to-white, WTW), axial length (AL), central corneal thickness (CCT), anterior chamber depth (ACD), lens
thickness (LT), and vitreous length (VT). The annual axial elongation rate (RateofAL) was defined as the annualized
change in axial length over the follow-up period. Data collection was limited to the right eye only for this investigation to
avoid inter-eye correlation.

Sample Matching and Grouping

Clinical data were extracted, and subjects were matched based on sex, age, and fundamental ocular biometric parameters,
excluding those relevant to axial elongation rate calculation. Participants were categorized into five groups according to
the brand of defocus lenses worn: Diversified Segmental Defocus Optimization (DSDO), Diffusion Optics Technology
(DOT), Defocus Incorporated Multiple Segments (DIMS), Highly Aspherical Lenslets (HALT), and Hexagon Optimized
Reticular Integration (HORI).

Statistical Modeling and Analysis

To assess the predictive efficacy of each defocus lens brand on axial elongation rate, separate multiple linear regression
models were developed for the five glasses brands. The response variable was the Rate of Axial Length (RateofAL), with
15 clinical indicators serving as predictor variables. Each group’s data were randomly divided into a training set and
a validation set in an 8:2 ratio. The training set was employed to fit the models, and the goodness-of-fit was evaluated
using the coefficient of determination (R?) and root mean square error (RMSE). The models were validated with the
validation set, and the regression coefficients along with the final equations were documented. Source code is available in
Supplementary Material 1.

Model Application and Implementation
For the purpose of clinical personalized recommendations, each model for different brands was preserved in.rds format.
An R function titled recommend brand() was developed. This function accepts the 15 clinical variables of a new patient
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as input and outputs the predicted axial elongation rate for each lens brand. It subsequently suggests the optimal brand by
ranking in ascending order of the predicted rate. Source code is available in Supplementary Material 1.

Statistics

Data analyses were conducted utilizing R software (version 4.3.0), with the significance threshold established at a = 0.05.

Results

Baseline Characteristics of Patients

A cohort of 2824 eligible subjects was included in the analysis, consisting of 1551 males and 1273 females. Participants
were stratified into five groups according to the brand of prescribed spectacle lenses: DSDO (n = 632), DOT (n = 596),
DIMS (n = 551), HORI (n = 538), and HALT (n = 507). The average age at myopia onset was 8.90 + 2.45 years, with
a range from 2.04 to 16.47 years and a mode of 7.47 years. The median follow-up duration was 18.3 months
(interquartile range: 12.1-30.7 months), supporting the reliability of annualized axial elongation rates. Post hoc power
analysis indicated >99% power to detect a clinically meaningful difference of 0.05 mm/year in axial elongation across
groups (o = 0.05). Comprehensive characteristics of each group are detailed in Table 1.

Comparison of Five Defocus Spectacle Lenses

The study aimed to construct a personalized prediction model for selecting defocus spectacle lenses based on specific
ocular biometric parameters. For this purpose, data were adjusted for sex, age, and baseline ocular biometric parameters,
excluding axial length growth velocity from the matching criteria. Post-adjustment, the average axial elongation rate
varied between 0.21 mm/year and 0.23 mm/year among the five defocus lens groups. Statistical analysis revealed no
significant differences in myopia progression control across the various lens types (F = 1.28, P = 0.28; Table 1, Figure 1).

Construction and Validation of Models

For each of the five lenses (DSDO, DOT, DIMS, HORI, and HALT), distinct multiple linear regression models were
developed. These models exhibited robust fitting across both the training and validation datasets (refer to Figure 2A). The

Table | Comparison of Five Peripheral Defocus Spectacle Designs

DSDO DOT DIMS HALT HORI p-value

n 632 596 551 507 538

Male% 55% 55.03% 55.35% 52.47% 56.21%

AGE of ONSET | 881 +2.39 8.92 + 2.05 8.84 + 2.34 895 +2.74 9.00 + 2.71 0.66
Sphere —1.46 = 1.03 —1.54 + 1.37 —1.49 = 1.36 —1.49 + 1.17 —1.53 + 1.46 0.79
Cylinder —0.54 + 0.62 —0.47 + 0.62 —0.55 + 0.62 —0.58 + 0.71 —0.52 + 0.64 0.14
Axis 150.88 + 57.34 | 153.79 £ 56.27 | 144.89 + 63.33 | 144.66 + 61.86 | 149.34 + 59.98 | 0.08
Kl 41.92 + 1.04 41.65 + 1.04 41.79 + 1.04 41.8 £ 0.85 41.7 £ 1.61 0.16
K2 4355+ 1.29 43.00 + 1.22 4393 + 1.34 432 + 1.08 43.04 £ 1.76 0.21
AST —1.39 + 0.68 —1.36 £ 0.75 —1.33 £ 0.69 —1.41 £0.7 —1.34 £ 0.76 0.35
PD 6.61 +0.89 6.59 + 0.91 6.53 + 0.83 6.62 + 0.92 6.55 + 0.87 0.39
WTW 11.65 + 0.41 11.67 + 0.64 11.60 + 0.82 11.62 £ 1.02 11.63 +0.84 0.57
AL 2443 + 093 24.79 + 0.86 2436 + 091 24.56 + 0.74 2461 = 1.04 0.06
CCT 546.24 + 31.85 | 548.11 + 33.02 | 550.74 + 33.78 | 552.26 + 30.25 | 550.99 + 31.89 | 0.13
AD 3.25 £ 0.26 3.27 £ 0.27 325 +033 321 £0.38 3.23 £ 0.26 0.06
LT 345 +£0.22 348 +£0.22 345+ 03 349 £ 037 347 £0.24 0.18
vT 17.18 £ 0.9 17.49 £ 0.85 17.07 £ 1.16 1721 + 1.36 17.36 = 1.05 0.23
Rate of AL 0.23 £0.18 022 +0.25 022 +0.16 0.21 +0.23 0.21 +0.24 0.28

Abbreviations: DSDO, Diversified Segmental Defocus Optimizatio; DOT, Diffusion Optics Technology; DIMS, Defocus Induced Multiple
Segment; HALT, Highly Aspherical Lenslets; HORI, Hexagon Optimized Reticular Integration; K1, Flat Keratometry; K2, Steep Keratometry;
AST, Astigmatism; PD, Pupillary Diameter; WTW, White-to-White; AL, Axial Length; CCT, Central Corneal Thickness; AD, Anterior
Chamber Depth; LT, Lens Thickness; VT, vitreous Thickness.
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DSDO DOT DIMS HALT HORI

Figure | Violin plots illustrating the efficacy of various peripheral defocus spectacle designs in controlling axial elongation. No statistically significant differences were
observed among the five designs after matching for gender, age, and baseline biometric parameters (P = 0.28).

Abbreviations: DSDO, Diversified Segmental Defocus Optimization; DOT, Diffusion Optics Technology; DIMS, Defocus Induced Multiple Segment; HALT, Highly
Aspherical Lenslets; HORI, Hexagon Optimized Reticular Integration; AL, axial length.

coefficient of determination (R?) served as the metric for evaluating model fit, with values approaching 1 denoting
enhanced explanatory power and superior fit of the models to the data. Specifically, for the defocus lens models, R*
values spanned from 0.89 to 0.96 in the training datasets and from 0.88 to 0.97 in the validation datasets (Table 2). To
assess the level of prediction error, the Root Mean Square Error (RMSE) was calculated, representing the mean deviation
between predicted and actual observed values. The RMSE values ranged from 0.05 mm to 0.07 mm in the training
datasets, and from 0.04 mm to 0.07 mm in the validation datasets (Table 2). Calibration plots, depicting the relationship
between observed and predicted axial elongation rates, indicated strong concordance (see Figure 2B). The regression
equations for estimating the annual rate of axial elongation are delineated in Table 2.

Discussion

This study identified no statistically significant differences in the efficacy of the five defocus spectacle lenses (DSDO,
DOT, DIMS, HORI, and HALT) after controlling for sex, age, and baseline ocular biometric parameters. Additionally,
predictive models for myopia progression were developed for each lens type using these biometric parameters, offering
a basis for personalized selection of defocus spectacle lenses.

Ocular biometric parameters were selected for predictive purposes due to their practical advantages and clinical
relevance in myopia management. While genetic sequencing could theoretically facilitate personalized defocus lens
fitting—analogous to its application in forecasting Orthokeratology success—this method entails substantial costs
associated with genetic testing. Genotypic characteristics manifest through phenotypic traits, with ocular biometric
parameters, such as corneal thickness and pupil diameter, serving as key phenotypic indicators in myopia research. In
our clinical practice, we routinely employ the IOLmaster for axial length measurements among pediatric patients to track
myopia progression. This procedure also yields other ocular biometric data concurrently, furnishing a comprehensive
dataset. Consequently, we explored the feasibility of leveraging these accessible biometric indicators to forecast out-
comes in the customization of defocus lenses.

Our previous investigations have established ocular biometry as a reliable tool for predicting the onset and progres-
sion risk of myopia. Notably, reduced central corneal thickness (CCT) has emerged as a potential risk factor for
accelerated myopic progression in children, with adolescents presenting thinner corneas exhibiting a higher progression
rate.'” Recent advances include the development of a predictive nomogram incorporating age, female sex, and ocular
biometric parameters to estimate myopia risk.>' Additionally, biometric characteristics such as anterior chamber depth
(ACD), axial length (AL), and CCT have been identified as significant predictors of myopia.22 These findings
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Figure 2 Model Performance Evaluation. The prediction models for each spectacle design demonstrated excellent goodness-of-fit and predictive accuracy. (A) High R?
values (Training: 0.89-0.96; Validation: 0.88-0.97) and low RMSE values (Training: 0.05-0.07 mm; Validation: 0.04—0.07 mm) were observed across all models. (B) Calibration
plots showed strong agreement between the predicted and observed values.
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Table 2 Models to Predict the Axial Elongation Rate for Personalized Fitting of Peripheral Defocus Spectacles

Designs Train Test Rate of AL Formula

R? | RMSE | R? | RMSE

DSDO 0.92 0.06 0.90 0.07 Rate of AL = —2.3435 + 0.0131*GENDER +0.0006*AGE of ONSET - 0.005*Sphere -
0.0092*Cylinder + 0.0001*Axis + 0.0422*K| + 0.026*K2 - 0.0076*AST - 0.0035*PD +
0.0083*WTW + 0.0993*AL - 0.0057*CCT - 0.0176*AD + 0.0016*LT + 0.0221*VT

DOT 0.96 0.05 0.95 0.05 Rate of AL = —2.8291 + 0.0037*GENDER - 0.0004*AGE of ONSET - 0.0008*Sphere -
0.0028*Cylinder + 0*Axis + 0.035%K| + 0.0337%K2-0.0076*AST + 0.0014*PD + 0.0004*WTW -
0.3172*AL - 0.006 | *CCT + 0.4532*AD + 0.457 LT + 0471 1*VT

DIMS 0.89 0.07 0.88 0.07 Rate of AL = —1.389-0.0124*GENDER + 7e-04*AGE of ONSET - 0.0025*Sphere - 0.0074*Cylinder -
0*Axis + 0.0238*K| + 0.0239*K2 - 5e-04*AST + 0.007*PD - 0.0041*WTW + 0.082*AL -
0.0049*CCT + 0.0206*AD + 0.0042*LT + 0.0047*VT

HALT 0.96 0.05 0.97 0.04 Rate of AL = —3.5071-0.0019*GENDER + 3e-04*AGE of ONSET + 3e-04*Sphere + |e-04*Cylinder
- 0*Axis + 0.0213*K| + 0.0589*K2 + 0.0166*AST - 0.0043*PD - 0.0021*WTW + 0.157*AL -
0.0063*CCT + 0.0158*AD - 0.001 I*LT - 0.0023*VT

HORI 0.96 0.05 0.95 0.05 Rate of AL = —5.6289—0.01*GENDER + 0.0002*AGE of ONSET - 0.004*Sphere + 0.01 | 7*Cylinder -
0.0001*Axis + 0.0343*K| + 0.0648%K2 + 0.004*AST - 0.0018*PD + 0.0048*WTW + 0.215*AL -
0.0054*CCT - 0.0632*AD - 0.0239*LT - 0.0268*VT

Abbreviations: DSDO, Diversified Segmental Defocus Optimizatio; DOT, Diffusion Optics Technology; DIMS, Defocus Induced Multiple Segment; HALT, Highly Aspherical
Lenslets; HORI, Hexagon Optimized Reticular Integration; KI, Flat Keratometry; K2, Steep Keratometry; AST, Astigmatism; PD, Pupillary Diameter; WTW, White-to-
White; AL, Axial Length; CCT, Central Corneal Thickness; AD, Anterior Chamber Depth; LT, Lens Thickness; VT, vitreous Thickness. RMSE, Root Mean Square Error.

collectively underscore the utility of ocular biometric measurements in risk assessment strategies, offering support for
their application in personalizing defocus lens prescriptions to address myopia progression effectively.

The significant outcome of this study is the development of formulas that predict the effects of various defocusing
lenses based on ocular biometry.In this investigation, we constructed and validated personalized multiple linear regres-
sion models aimed at predicting defocus lens selection. These models exhibited favorable performance metrics, including
the coefficient of determination (R?) which signifies the model fit, and the root mean square error (RMSE), representing
the average prediction error. Upon inputting precise ocular biometric parameters, the models can accurately forecast the
axial elongation rate associated with a specific defocus spectacle lens.

Several noteworthy findings were identified. Firstly, the DSDO lens design resembles an astigmatic chart.'” The
model coefficient for astigmatism in the DSDO group was negative and relatively larger in magnitude, suggesting
a potential association between higher baseline astigmatism and reduced axial elongation—a pattern that warrants formal
testing in future prospective trials. The DOT lens functions predominantly on the peripheral defocus principle,
theoretically minimizing the impact of unfocused peripheral light on the retina.>*° Its enhanced performance in children
with smaller pupils may be due to reduced peripheral light entry. In contrast, the HALT lens, which utilizes a concentric
ring-based defocus design,'® showed improved outcomes in children with larger pupils, potentially because these pupils
allow more utilization of the defocused signal.

This study is limited by its retrospective design. To develop more reliable models for defocus lens selection, future
research should focus on prospective clinical trials that expand on these results. Furthermore, while our models
demonstrate promising internal consistency and biological plausibility, they require prospective external validation in
geographically and demographically distinct populations before clinical implementation. Although our models identify
associations between baseline ocular biometrics and individual responses to specific lens designs, these findings are
exploratory and should not be interpreted as evidence of superior efficacy for any lens type. The predictive formulas are
intended to generate testable hypotheses for personalized fitting, not to establish comparative effectiveness.
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Conclusion
This study found no statistically significant differences in average efficacy across the five defocus lens types when

matched for baseline characteristics. However, ocular biometric parameters can be leveraged to predict individual

responses, enabling personalized lens selection.
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