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Purpose: To investigate the relationship between ocular biomechanical properties in adult myopes and lifestyle habits during school
years, aiming to identify behavioral patterns that may influence ocular tissue behavior and refractive development.

Methods: This cross-sectional study included adult myopes. Biomechanical parameters were obtained using the Corvis ST®.
Variables analyzed included the first- and second-generation parameters. Demographic and lifestyle data were collected through
a validated retrospective questionnaire (google form) including outdoor activity levels, sleep posture, digital device usage, educational
attainment, family history of myopia, allergic conditions and eye rubbing. Statistical comparisons were made between subgroups based
on these factors.

Results: The study included 390 myopic eyes, with a mean spherical equivalent (SE) of —5,0943,8D from 195 individuals with
a mean age of 32,7245,4 years-old. Lower ocular rigidity and a higher myopic spherical equivalent was found in eyes from individuals
with personal history of allergies (p=0,00; p=0,03), family history of myopia (p=0,00; p=0,00), predominance of indoor extracurricular
activities during school years (p=0,07; p=0,03) and exposure to touchscreen devices under 15 years-old (p=0,00; p=0,05). Eyes
submitted to rubbing habits (p=0,05) or from individuals with higher academic degree (p=0,01) showed higher spherical equivalent.
Eyes from individuals with predominantly ventral sleeping habits showed lower CBI (p=0,06) and TBI (p=0,01). A multivariable
regression found a later age of digital device initiation ( = 0.0446, p = 0.014) to be predictor of higher Stress Strain Index and family
history of myopia exhibited negative association (f = —0.044, p = 0.014).

Conclusion: This study highlights the potential pivotal role of ocular tissue and its biomechanical behavior in translating demo-
graphic factors and lifestyle habits during the period of ocular growth into the refractive status later in adulthood. These findings pave
the way for the use of ocular biomechanical analysis as one of the predictors of myopia in the future.
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Introduction
Myopia is an ophthalmic condition with a markedly increasing prevalence over recent decades.' Initially emerging in
East Asian countries, it is now widespread across most industrialized nations. In addition to the growing burden on eye
care services aimed at optimizing individual refractive status — and thereby improving both personal and professional
functioning—the rising incidence of high myopia is associated with an increased risk of vision-threatening complica-
tions, including retinal detachment, myopic choroidal neovascularization, and glaucoma, often at a young age.”

The primary long-term goal is to prevent myopia progression effectively, thereby mitigating this global public health
concern. Achieving this requires a comprehensive understanding of key risk factors. In recent years, behavioral aspects
have received increasing attention, with the most robust evidence supporting associations with reduced time spent
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outdoors and higher educational attainment.> However, with current societal and technological changes, early exposure to
digital devices may also play a significant role.*

Given that axial myopia is the most common form, pathological ocular elongation must involve tissue remodeling that
may be influenced by modifiable behavioral factors. Emerging evidence suggests a potential role for dopamine-mediated
signaling in the sclera as a central mechanism driving axial elongation.” Although recent evidence suggests a causal
relationship between ocular biomechanical behavior and myopia,® a three-dimensional relationship incorporating lifestyle
factors has not yet been investigated.

Recent technological advances allow in vivo assessment of ocular biomechanical properties using a non-contact
tonometer integrated with a Scheimpflug camera (CORVIS ST®), which captures dynamic tissue response to an air puff
stimulus.”

As we hypothesize that specific childhood lifestyle factors are associated with measurable differences in adult ocular
biomechanics and refractive status, the present study aims to describe refractive status and ocular biomechanics in
a sample of Caucasian adult myopes and relate it to their lifestyle habits from childhood and adolescence.

Materials and Methods
Design

This is an observational cross-sectional study. The study adhered to the tenets of the Declaration of Helsinki.

Setting and Ethics Committee
Centro Hospitalar e Universitario de Santo Antdnio, Oporto, Portugal. The study was accepted by the Centro Hospitalar
e Universitario de Santo Antonio Ethical Commission (nr 158-DEFI/160-CE). Written informed consent was obtained

from all participants.

Population and Exclusion Criteria

The study population consisted of adults consecutively selected from the refractive surgery screening appointments at our
center within a 2-year period (between 2022 and 2024). Exclusion criteria were: familial or personal ocular pathologic
history besides myopia and allergies; amblyopia history; ocular surgeries or trauma history; ocular inflammation at the
time of examinations; corneal leucomas or other corneal or conjunctival pathologies; inability to perform the exams;

inability to answer the questionnaire.

Objective Refraction Data
The KR-800 Auto Kerato-Refractometer™ (TOPCON, Japan) was used to measure objective refractive status - (Sphere
(S), Cylinder (C) and Spherical Equivalent (SE).

Ocular Biomechanical Data

Biomechanical assessment was made by means of Scheimpflug camera, with Corvis ST® (OCULUS), through the
dynamic corneal response (DCR) parameters. The Corvis ST® is a noncontact tonometer system with a collimated air
pulse offering a consistent pressure profile that acquires 4300 frames/s using an ultra-high-speed Scheimpflug camera
with ultraviolet-free 455 nm blue light, covering 8.5 mm horizontally of a single slit to allow evaluation of corneal
deformation.” Only exams with “OK” quality score were included. Both first generation parameters - from the direct
analysis of the corneal excursion image in three different timepoints, including Whole Eye Movement (WEM) —
and second-generation parameters — algorithms including Stiffness Parameter in A1 (SP-Al) and Stress Strain Index
(SS-I) - were analyzed. Table 1 summarizes all Scheimpflug-based parameters used in the study and their explanation,
including which tissue each of them is most associated with and the theoretically expected behavior in the presence of
higher values. Table 2 describes the biomechanical characterization of the sample.
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Table | Scheimpflug Camera-Derived Corneal Biomechanical Parameters with Explanation and Abbreviations

corneal with normal topography

Ist Generation Parameters Abbreviations Description Anatomical Unit Theoretical
Movement Meaning of Higher
Values
Deformation Amp. Max [mm] MaxDefoA Corneal deformation amplitude during MaxDT, as the sum of corneal deflection amplitude and MaxWEM Ocular deformation Less rigid behavior
Al Time [ms] AIT Time from the measurement beginning to the first applanation moment Corneal deflection More rigid behavior
Al Velocity [m/s] AlV Velocity of the corneal apex during the first applanation Corneal deflection Less rigid behavior
A2 Time [ms] A2T Time from the measurement beginning to the second applanation moment Corneal deflection Less rigid behavior
A2 Velocity [m/s] A2V Velocity of the corneal apex during the second applanation Corneal deflection Less rigid behavior
HC Time [ms] HCT Time from the measurement beginning to the moment of reaching the highest concavity (HC) Corneal deflection Less rigid behavior
HC Deformation Amp. [mm] HCDefoA Corneal deformation amplitude during HC, as the sum of corneal deflection amplitude and MaxWEM Ocular deformation Less rigid behavior
HC Deflection Amp. [mm] HCDA Corneal deflection amplitude during HC, determined as the displacement of the corneal apex in relation to Corneal deflection Less rigid behavior
the initial state without the MaxWEM quantification
Deflection Amp. Max [mm] MaxDA Corneal deflection amplitude during MaxDT Corneal deflection Less rigid behavior
Deflection Amp. Max Time [ms] MaxDT Moment of the maximum corneal deflection, during the oscillatory phase near HC Corneal deflection Less rigid behavior
Whole Eye Movement Max [mm] MaxWEM Amplitude of the Maximum whole eye movement Ocular deformation More energy to
posterior pole
Whole Eye Movement Max Time [ms] MaxWEMT Time at which occurs the amplitude of the Maximum whole eye movement (near A2) Ocular deformation Less energy to
posterior pole
2nd Generation Parameters Abbreviations Description Anatomical Unit Theoretical
Movement Meaning of Higher
Values
Max InverseRadius [mmA-1] MIR I / HCR Corneal deflection Less rigid behavior
DA Ratio Max (2mm) DARM2 Apex MaxDA / MaxDA at 2mm from the apex Corneal deflection Less rigid behavior
DA Ratio Max (Imm) DARMI Apex MaxDA / MaxDA at |mm from the dpex Corneal deflection Less rigid behavior
Biomechanically-corrected IOP blOP IOP adjusted for biomechanical parameters Non applied Non applied
Integrated Radius [mmA*-1] IR Area under the curve of the I/HCR function Corneal deflection Less rigid behavior
Stiffness parameter in Al SP-Al Air puff pressure - blOP / AIDA Ocular deformation More rigid behavior
Corvis biomechanical index CBI Exponential function score made through a logistic regression analysis of 6 parameters (SP-Al, DARMI, Corneal deflection Less rigid behavior
DARM2, ARTh, A1V and MaxDefoA) and adjusted for IOP and CCT to describe ectasia risk
Tomographic and Biomechanical Index TBI Algorithm including tomographic and biomechanical parameters for the discrimination of eyes with corneal Corneal deflection Less rigid behavior
ectasia susceptibility
Stress Strain Index SS-I Finite element modeling algorithm for the estimation of the non-linear in vivo biomechanical behavior in Ocular deformation More rigid behavior

|e 30 ®asndeg



Baptista et al

Table 2 Descriptive Statistics of the Full Sample

Mean Median Standard Lower Higher
Deviation
Spherical Equivalent —5.09 —-3.75 3.82 —25.00 —0.13
Age 3272 32.00 5.43 25.00 37.00
Deformation Amp. Max [mm] 1.07 1.07 0.10 0.77 1.48
Al Time [ms] 7.75 7.72 0.26 7.12 9.09
Al Velocity [m/s] 0.15 0.15 0.02 0.09 0.19
A2 Time [ms] 22.34 2235 0.43 19.20 23.66
A2 Velocity [m/s] —-0.26 -0.27 0.03 —-0.43 —0.07
HC Time [ms] 17.33 17.33 0.57 15.30 18.86
HC Deformation Amp. [mm] 1.07 1.07 0.10 0.77 1.48
HC Deflection Amp. [mm] 0.91 091 0.12 0.61 2.74
Deflection Amp. Max [mm] 0.92 0.92 0.10 0.62 1.74
Deflection Amp. Max Time [ms] 16.61 16.70 0.93 11.35 26.67
Whole Eye Movement Max [mm] 0.25 0.25 0.10 0.09 2.26
Whole Eye Movement Max Time [ms] 21.96 21.94 .12 8.63 32.75
Max InverseRadius [mm?-1] 0.18 0.18 0.03 0.13 0.57
DA Ratio Max (2mm) 4.11 4.08 0.38 3.0l 5.52
DA Ratio Max (Imm) 1.54 1.53 0.10 1.36 3.50
Biomechanically-corrected IOP 14.43 14.20 1.86 9.80 23.30
Integrated Radius [mmA”-1] 8.85 8.8l 1.35 5.64 31.02
Stiffness parameter in Al 106.58 106.89 17.20 72.12 165.26
Corvis biomechanical index 0.21 0.12 0.22 0.00 0.99
Tomographic and Biomechanical Index 0.13 0.07 0.17 0.00 0.95
Stress Strain Index 0.94 0.93 0.15 0.37 1.46

Lifestyle Data

General health data and lifestyle data related to adolescence were assessed through a questionnaire validated by the
Centro Hospitalar e Universitario de Santo Antonio Ethical Commission (nr 158-DEFI/160-CE). Anonymized data were
collected via Google Form® (Figure S1).

Inter-Individual Analysis

Individual ocular biomechanical behavior was compared according to the following factors: family history of myopia;
personal history of allergic conditions; educational attainment; predominant types of extracurricular activities during
childhood and adolescence; age of initial exposure to touchscreen digital devices; and predominant sleep position.

Inter-Eye Analysis
Ocular biomechanics parameters were compared to address differences in the groups of eyes with predominantly
ipsilateral sleeping position and those submitted to rubbing habits.
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Statistical Analysis

Descriptive statistics of the dataset were calculated for ocular biomechanics and lifestyle parameters. Normality of the
data was tested with the Shapiro—Wilk and Kolmogorov—Smirnov tests. When parametric analysis could be applied, the
Student’s #-test was used to compare the variables. When nonparametric tests were needed, the Wilcoxon rank-sum test
was applied.

A multivariable linear regression model was built to identify independent predictors of the SS-I. The dependent
variable was SS-I, while independent variables were the 8 lifestyle and demographic variables listed in Tables 3—6, with
confounding factors being age and IOP. Inter-eye correlation was accounted for using Generalized Estimating Equations
(GEE). Model assumptions, including linearity and homoscedasticity, were verified through residual analysis. Statistical
significance was defined as p < 0.05.

Table 3 Comparison of Refractive Status and Ocular Biomechanical Parameters Between Eyes from Individuals with or without
History of Allergies and Family History of Myopia

Alergies History Family History of Myopia
YES (n= 107) NO (n= 283) p YES (n= 294) NO (n= 96) P
Mean SD Mean SD Mean SD Mean SD
Spherical Equivalent —5.24 4.66 —5.03 3.82 0.03** —5.36 425 —4.19 3.7 0.00%#*
Deformation Amp. Max [mm] 1.09 0.10 1.06 0.09 0.00%#* 1.07 0.10 1.05 0.07 0.05%*
Al Time [ms] 7.70 0.23 7.78 0.26 0.00%#* 7.75 0.26 7.78 0.23 0.16
Al Velocity [m/s] 0.15 0.0l 0.14 0.02 0.0 [k 0.15 0.02 0.15 0.0l 0.38
A2 Time [ms] 2244 0.41 2228 0.42 0.00%** | 22.33 0.44 22.30 0.37 0.26
A2 Velocity [m/s] -0.27 0.04 —0.26 0.03 0.05%* -0.27 0.30 —0.26 0.03 0.07%*
HC Time [ms] 17.43 0.50 17.29 0.58 0.0 [ 17.26 0.56 17.51 0.53 0.00%#*
HC Deformation Amp. [mm] 1.09 0.10 1.06 0.09 0.00%** 1.07 0.10 1.05 0.07 0.05%*
HC Deflection Amp. [mm] 0.92 0.10 0.90 0.10 0.04** 0.92 0.10 0.89 0.08 0.00%#*
Deflection Amp. Max [mm] 0.94 0.10 0.92 0.10 0.03** 0.93 0.10 0.91 0.09 0.04**
Deflection Amp. Max Time [ms] 16.64 0.74 16.62 0.85 0.43 16.66 0.78 16.55 0.93 0.13
Whole Eye Movement Max [mm] 0.28 0.21 0.24 0.06 0.00%** 0.25 0.14 0.26 0.05 0.22
Whole Eye Movement Max Time [ms] | 22.10 0.58 22.00 1.25 0.21 22.03 1.23 22.00 0.66 0.39
Max InverseRadius [mm”-1] 0.18 0.02 0.18 0.03 0.38 0.18 0.03 0.19 0.02 0.30
DA Ratio Max (2mm) 4.14 0.35 4.09 0.36 0.13 4.11 0.37 4.11 0.33 0.43
DA Ratio Max (Imm) 1.53 0.04 1.54 0.13 0.23 1.54 0.13 1.54 0.04 0.33
Biomechanically-corrected IOP 14.04 1.72 14.70 1.91 0.00%#* 14.46 1.90 14.79 1.84 0.07%*
Integrated Radius [mm*-1] 9.00 1.01 8.8l 1.04 0.06* 8.86 1.05 8.90 0.97 0.40
Stiffness parameter in Al 102.58 16.06 108.26 16.71 | 0.00% | 106.18 16.87 107.64 15.79 0.23
Corvis biomechanical index 0.24 0.22 0.20 0.20 0.04%* 0.21 0.20 0.23 0.21 0.19
Tomographic and Biomechanical Index 0.15 0.17 0.12 0.17 0.06* 0.12 0.16 0.17 0.22 0.03%*
Stress Strain Index 0.93 0.15 0.94 0.15 0.20 0.92 0.15 0.98 0.14 0.00%#*

Notes: *: low assumption with 0.10 = p > 0.05; **: strong assumption with 0.05 = p > 0.01; ***: very strong assumption with p < 0.01.
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Table 4 Comparison of Refractive Status and Ocular Biomechanical Parameters Between Eyes from Individuals with Different
Academic Degrees and Different Types of Extracurricular Activities During School years

Academic Degree Extracurricular Activities Predominance
During School Years
Bachelor or Until High P Indoor Outdoor P
Higher (n=223) | School (n=167) (n=119) (n=271)
Mean SD Mean SD Mean SD Mean SD

Spherical Equivalent —5.47 4.18 —4.56 385 | 0.01% | —525 4.50 -5.00 3.90 0.03**
Deformation Amp. Max [mm] 1.07 0.10 1.07 0.09 0.49 1.08 0.07 1.06 0.10 0.04*+*
Al Time [ms] 7.76 0.28 7.75 0.23 0.33 7.73 0.19 7.77 0.28 0.04%*
Al Velocity [m/s] 0.15 0.02 0.15 0.02 0.36 0.15 0.0l 0.14 0.02 0.00%#*
A2 Time [ms] 22.33 0.40 2232 0.45 0.45 2241 0.38 22.28 0.45 0.01##*
A2 Velocity [m/s] —0.27 0.03 —0.26 0.03 0.23 —0.27 0.03 —0.26 0.03 0.1
HC Time [ms] 17.35 0.56 17.30 0.57 0.23 17.40 0.56 17.28 0.57 0.03%*
HC Deformation Amp. [mm] 1.07 0.10 1.07 0.09 0.49 1.08 0.07 1.06 0.10 0.04*
HC Deflection Amp. [mm] 0.91 0.10 0.91 0.10 0.33 0.91 0.09 0.91 0.10 0.21
Deflection Amp. Max [mm] 0.92 0.10 0.93 0.10 0.30 0.93 0.08 0.92 0.10 0.06*
Deflection Amp. Max Time [ms] 16.60 0.78 16.66 0.88 0.25 16.47 1.00 16.68 0.75 0.03**
Whole Eye Movement Max [mm] 0.26 0.15 0.25 0.07 0.38 0.25 0.05 0.25 0.14 0.47
Whole Eye Movement Max Time [ms] 21.90 0.57 22.18 1.55 0.02+* 22.00 1.18 22.04 I.13 0.40
Max InverseRadius [mmA-1] 0.18 0.02 0.19 0.04 0.22 0.18 0.02 0.18 0.03 0.27
DA Ratio Max (2mm) 4.10 0.36 4.11 0.36 0.35 4.07 0.36 4.11 0.36 0.21
DA Ratio Max (Imm) 1.53 0.04 I.55 0.17 0.05%* 1.53 0.05 1.54 0.14 0.10
Biomechanically-corrected IOP 14.55 2.05 14.49 1.64 0.37 14.08 1.41 14.68 2.07 0.00+**
Integrated Radius [mmA”-1] 8.88 1.02 8.83 1.07 0.31 8.86 1.05 8.82 1.03 0.37
Stiffness parameter in Al 106.74 17.44 106.76 15.74 0.50 107.20 15.68 107.47 17.10 0.45
Corvis biomechanical index 0.20 0.20 0.22 0.20 0.14 0.22 0.21 0.16 0.17 0.00%#*
Tomographic and Biomechanical Index 0.12 0.16 0.14 0.19 0.26 0.14 0.20 0.09 0.10 0.00%%*
Stress Strain Index 0.94 0.15 0.94 0.15 0.44 0.92 0.15 0.94 0.15 0.07%*

Notes: *: low assumption with 0.10 = p > 0.05; **: strong assumption with 0.05 2 p > 0.01; ***: very strong assumption with p < 0.01.

All analyses were performed using the SPSS v30.0 software. All values are shown as mean + standard deviation
unless otherwise specified. All p-values (p) were 2-sided. For the null hypothesis: a low assumption was considered when
0.05 < p < 0.10; a strong assumption was considered when 0.01 < p < 0.05; a very strong assumption was considered
when p < 0.01.

Results

The present study included 390 eyes from 195 myopic individuals with a mean age of 32,72+5,43 years-old and a mean
SE of —5,09+3,82 Diopters. Regarding the biomechanical analysis, the full sample showed a mean MaxDefoA of 1,07
+0,1mm, a mean MaxWEM of 0.254+0,1lmm, a mean MaxWEMT of 21,96+1,12 ms, a mean IR of 8,85+ 1,35mm" ',
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Table 5 Comparison of Refractive Status and Ocular Biomechanical Parameters Between Eyes from Individuals with Different Ages of
Digital Devices Initiation and with or without Eye-Rubbing Habits

Age of Digital Devices Initiation Eye Rubbing
Under 15 Years Above |5 Years- P Yes No P
Old (n= 209) Old (n= 181) (n=207) (n=183)
Mean SD Mean SD Mean | SD | Mean | SD
Spherical Equivalent —5.41 425 —4.72 3.8l 0.05%% | —540 | 463 | —474 | 3.29 | 0.05%*
Deformation Amp. Max [mm] 1.06 0.10 1.07 0.09 0.15 1.07 0.10 1.06 0.09 | 0.09+*
Al Time [ms] 7.78 0.25 7.73 0.26 0.01% | 7.76 0.25 7.76 0.26 | 0.47*%
Al Velocity [m/s] 0.15 0.02 0.15 0.02 0.18 0.15 0.01 0.14 0.02 | 0.15%+*
A2 Time [ms] 22.30 0.36 2235 0.49 0.15 2235 | 037 | 2229 | 047 | O.1I%+*
A2 Velocity [m/s] -0.27 0.03 —0.26 0.03 0.17 -027 | 0.03 | -026 | 0.03 0.03
HC Time [ms] 17.34 0.58 17.32 0.55 0.39 17.36 | 0.56 1728 | 0.57 | 0.08**
HC Deformation Amp. [mm] 1.06 0.10 1.07 0.09 0.15 1.07 0.10 1.06 0.09 | 0.09**
HC Deflection Amp. [mm] 0.91 0.10 0.91 0.10 0.49 0.91 0.10 0.90 0.09 0.18
Deflection Amp. Max [mm] 0.92 0.10 0.92 0.10 0.33 0.93 0.10 0.92 0.09 0.20%*
Deflection Amp. Max Time [ms] 16.67 0.74 16.58 0.91 0.17 16.63 | 0.82 16.63 | 0.83 | 0.50**
Whole Eye Movement Max [mm] 0.27 0.16 0.24 0.06 0.02%* 0.25 0.06 0.26 0.16 0.08
Whole Eye Movement Max Time [ms] 21.99 .17 22.06 1.04 0.27 22.05 .18 | 21.98 1.03 0.28
Max InverseRadius [mm?-1] 0.18 0.02 0.18 0.03 0.31 0.18 0.02 0.19 0.03 0.13
DA Ratio Max (2mm) 4.10 0.38 4.11 0.33 0.45 4.09 0.35 4.11 0.36 0.28
DA Ratio Max (Imm) 1.53 0.05 1.55 0.16 0.03** 1.53 0.05 1.55 0.16 0.05
Biomechanically-corrected |OP 14.78 1.79 14.24 1.95 0.00%* 14.53 1.79 14.55 1.96 | 0.45%%*
Integrated Radius [mmA”-1] 8.87 1.07 8.85 1.00 0.43 8.86 1.07 8.85 0.99 0.46
Stiffness parameter in Al 107.33 16.42 106.08 17.07 0.24 105.93 | 15.90 | 107.85 | 17.55 0.13
Corvis biomechanical index 0.22 0.22 0.20 0.18 0.23 0.21 0.20 0.21 0.21 | 0.42%F*
Tomographic and Biomechanical Index 0.14 0.18 0.12 0.17 0.12 0.13 0.17 0.13 0.18 | 0.37%*
Stress Strain Index 0.92 0.15 0.96 0.16 0.00%** | 0.94 0.16 0.94 0.14 0.37*

Notes: *: low assumption with 0.10 2 p > 0.05; **: strong assumption with 0.05 2 p > 0.01; ***: very strong assumption with p < 0.01.

a mean SP-Al of 106,58+17,20 and mean SS-I of 0.94+0,15. Full descriptive statistics are in Table 2. Tables 3-6
describe the differences between the subgroups.

Eyes from individuals with history of allergies showed higher values of absolute Spherical Equivalent (p<0,05),
MaxDefoA (p<0,01), A1V (p<0,01), A2T (p<0,01), A2V (p<0,05), HCT (p<0,01), HCDefoA (p<0,01), HCDA (p=0,05),
MaxDA (p<0,05), MaxWEM (p=<0,01), IR (p=<0,01), CBI (p<0,05) and TBI (p<0,10) and lower values of A1T (p<0,01),
bIOP (p<0,01) and SP-A1 (p<0,01) (Table 3). Eyes from individuals with history of myopia in at least one parent showed
higher values of Spherical Equivalent (p<0,01), MaxDefoA (p<0,05), A2V (p=<0,1), HCDefoA (p<0,05), HCDA (p=<0,01)
and MaxDA (p<0,05) and lower values of HCT (p<0,01), bIOP (p<0,1), TBI (p<0,05) and SS-I (p<0,01) (Table 3).
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Table 6 Comparison of Refractive Status and Ocular Biomechanical Parameters Between Eyes from Individuals with or without
Predominantly Ventral Sleeping Position and Eyes with or without Ipsilateral Sleeping Position

Predominantly Ventral Sleeping Ipsilateral Sleep Position
Yes (n=125) No (n= 265) p Yes (n= 131) No (n= 259) p
Mean SD Mean SD Mean SD Mean SD
Spherical Equivalent —5.26 4.83 —-5.00 3.66 0.28 -5.23 4.59 —5.01 3.77 0.31
Deformation Amp. Max [mm] 1.06 0.10 1.07 0.09 0.27 1.06 0.09 1.07 0.09 0.31
Al Time [ms] 7.76 0.23 7.75 0.27 0.39 7.76 0.27 7.75 0.25 0.38
Al Velocity [m/s] 0.15 0.01 0.15 0.02 0.39 0.15 0.02 0.15 0.02 0.27
A2 Time [ms] 2231 0.36 2233 0.45 0.36 2231 0.40 2233 0.44 0.29
A2 Velocity [m/s] -0.27 0.03 -0.26 0.03 0.33 -0.26 0.04 —0.26 0.03 0.41
HC Time [ms] 17.27 0.59 17.35 0.55 0.09* 17.34 0.54 17.32 0.58 0.37
HC Deformation Amp. [mm] 1.06 0.10 1.07 0.09 0.27 1.06 0.09 1.07 0.09 0.31
HC Deflection Amp. [mm] 091 0.11 091 0.10 0.30 091 0.10 091 0.10 0.39
Deflection Amp. Max [mm] 0.92 0.10 0.92 0.09 0.40 0.92 0.10 0.92 0.10 0.40
Deflection Amp. Max Time [ms] 16.58 0.94 16.65 0.76 0.24 16.52 0.78 16.68 0.84 0.04%*
Whole Eye Movement Max [mm] 0.25 0.07 0.26 0.14 0.27 0.25 0.06 0.26 0.14 0.24
Whole Eye Movement Max Time [ms] 22.20 1.74 21.94 0.59 0.05%* 21.98 I.15 22.04 1.10 0.29
Max InverseRadius [mmA”-1] 0.18 0.02 0.18 0.03 0.35 0.18 0.02 0.18 0.03 0.31
DA Ratio Max (2mm) 4.07 0.36 4.12 0.36 0.07* 4.11 0.37 4.10 0.35 0.38
DA Ratio Max (Imm) 1.53 0.05 1.55 0.14 0.06* 1.54 0.07 1.54 0.13 0.47
Biomechanically-corrected |IOP 14.49 1.75 14.54 1.95 0.39 14.56 1.98 1451 1.84 0.40
Integrated Radius [mmA”-1] 8.8l 1.08 8.89 1.02 0.25 8.84 1.08 8.87 1.02 0.41
Stiffness parameter in Al 107.91 14.98 106.19 17.50 0.17 106.60 16.92 106.83 16.64 0.45
Corvis biomechanical index 0.19 0.19 0.22 0.21 0.06* 0.22 0.21 0.21 0.20 0.35
Tomographic and Biomechanical Index 0.10 0.14 0.14 0.19 0.0 |#** 0.12 0.14 0.13 0.19 0.21
Stress Strain Index 0.94 0.16 0.94 0.15 0.43 0.94 0.15 0.93 0.15 0.27

Notes: *: low assumption with 0.10 = p > 0.05; **: strong assumption with 0.05 = p > 0.01; ***: very strong assumption with p < 0.01.

Eyes from individuals with at least a bachelor’s degree showed higher values of Spherical Equivalent (p<0,01) and
lower values of MaxWEMT (p<0,05) and DARMI1 (p<0,05) (Table 4). Eyes from individuals engaged primarily in
indoor extracurricular activities presented higher values in Spherical Equivalent (p<0,05), MaxDefoA (p<0,05), A1V
(p<0,01), A2T (p<0,01), HCT (p<0,05), HCDefoA (p<0,05), MaxDA (p<0,05), CBI (p<0,01) and TBI (p<0,01) and
lower values in A1T (p<0,05), MaxDT (p<0,005), bIOP (p<0,01) and SS-I (p<0,1) and (Table 4).

Eyes from individuals who began using digital devices under 15 years-old exhibit lower values in SS-I (p<0,01) and
higher values in SE (p<0,05), A1T (p<0,01), MaxWEM (p=<0,05), DARM1 (p<0,05) and bIOP (p<0,01) (Table 5). Eyes
from individuals reporting frequent eye rubbing present elevated values in Spherical Equivalent (p<0,05), MaxDefoA
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Multivariable Linear Regression - SSI
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Figure | Multivariable linear regression model to identify independent predictors of the SS-I (Stress-Strain Index).

(p=0,1), A2V (p<0,05), HCT (p<0,1) and HCDefoA (p<0,1) and lower values in MaxWEM (p<0,1) and DARMI1
(p<0,05) (Table 5).

Eyes from individuals with predominantly ventral sleep position showed increased values of MaxWEMT (p<0,05)
and lower values of HCT (p<0,1), DARM2 (p<0,1), DARMI1 (p<0,1), CBI (p<0,1) and TBI (p<0,01) (Table 6). Eyes with
predominantly ipsilateral sleeping position showed lower values of MaxDT (p<0,05) (Table 6).

The final multivariable model found later age of digital device initiation ( = 0.0446, p = 0.014) as an independent
predictor of a higher SS-I in adulthood and family history of myopia exhibited significant negative association (p = —
0.044, p = 0.014) (Figure 1). The model explained approximately 16% of the variance in SS-I (adjusted R? = 0.159).

Discussion

The present study aimed to analyze a large sample of myopic eyes from young adults, describing their ocular
biomechanical behavior. To investigate the relationship between ocular biomechanics in myopic eyes and demographic
and behavioral factors associated with myopia, a subgroup analysis was conducted. The sample was stratified into
individuals exhibiting factors theoretically linked to higher degrees of myopia and those without such factors.
Additionally, we examined other variables that, to our knowledge, have not been previously analyzed in this context
but may be conceptually associated with myopia.
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The mean age was 32,7, with a median of 32 years, representing an homogeneous sample and eliminating age as
a confounding factor.® Furthermore, none of the comparative analyses revealed significant age differences within each
subgroup.

First, a significantly more myopic refractive status was observed in eyes of individuals with a family history of
myopia in at least one parent, higher academic degree, a reported preference for indoor extracurricular activities during
adolescence, earlier initiation of digital device use and in eyes exposed to eye rubbing. These findings are highly relevant,
as they provide practical support for associations previously reported in the literature.’ '” Given these associations, the
authors stratified the eyes according to demographic and lifestyle factors during late childhood and adolescence—a
critical period for ocular elongation—aiming to identify differences in ocular biomechanical behavior among the groups.
The objective was to investigate a potential tissue-based foundation for a causal relationship between the aforementioned
factors and the refractive status of the eye in adulthood.

The study of ocular biomechanics using an air-puff tonometer coupled with a Scheimpflug camera enables not only
the visualization of corneal deflection after an air puff but also the quantification of the complete axial deformation of the
globe. This makes it an examination that describes the tissue behavior of the corneoscleral unit, which is theoretically the
substrate for the emmetropization process.”’ Although there is extensive literature regarding corneal biomechanics,

2122 the biomechanics of the corneoscleral unit remains largely unexplored.*?

particularly concerning ectatic diseases,
Nevertheless, there are already algorithms—considered second-generation parameters in the Corvis ST® —aimed at
describing this ocular biomechanical behavior: the Stress-Strain Index (SSI) attempts, through a finite element modeling
algorithm, to present a nonlinear measure of overall biomechanical behavior across various levels of the tissue’s stress-
strain curve;** the Stiffness Parameter at the first applanation of the cornea (SP-Al), which has proven to be the best
parameter to infer global globe rigidity adjusted for a given intraocular pressure.”> On the other hand, Whole Eye
Movement (WEM) parameters refer to the accessory anteroposterior displacement of the lateral corneal tissue, resulting
from the residual energy not absorbed by corneal deflection and instead transmitted to and absorbed by the posterior
segment of the eye, with inferred associations to the pathogenesis of axial myopia.*®

Although biomechanical assessment using the Corvis ST® generates a wide range of additional parameters, the
present discussion focuses on parameters most related to the biomechanical behavior of the corneoscleral unit and its
hypothetic pivotal role between demographic and lifestyle factors during the years when school myopia develops and the
refractive state in adulthood.

Two demographic factors were studied: a personal history of allergic diseases and a family history of myopia in first-
degree relatives. The first of these factors showed the most significant differences, with allergic disease associated with
greater corneal deflection (higher A1V, A2T, A2V, HCT, MaxDA, IR, CBI and TBI and lower A1T) as well as greater
deformation of the corneoscleral unit (higher MaxDefoA, HCDefoA, MaxWEM, and lower SP-Al). These results
support the positioning of allergies as an important risk factor for corneal ectatic disease®’ and also add valuable
information on a possible association with a cascade of events that predispose to a more compliant scleral tissue (higher
MaxWEM and lower SP-A1) and, consequently, greater axial elongation and myopization, as we found significantly
higher SE in this group of eyes.

Family history of myopia was associated with higher SE, as expected,”® and with a more compliant behavior of the
corneoscleral unit, with higher total deformation measurements (higher MaxDefoA, HCDefoA), and notably a lower SS-
I. Regarding the cornea, results were ambiguous, with findings both suggestive of greater deflection (higher HCDA and
MaxDA) and of more rigid behavior (lower HCT and TBI). The authors hypothesize that myopia may lie at the opposite
end of the spectrum from corneal ectatic disease during adolescence. In the former, the scleral tissue is more prone to
remodeling and enhance axial elongation, whereas in the latter, the corneal tissue has a higher risk of ectatic disease due
to external (eg, eye rubbing) and internal (eg, intraocular pressure) triggers. These data support evidence of biomecha-
nical differences across different types of myopia®® and introduce the concept of a posterior-segment keratoconus-like
condition, opening new perspectives for management approaches.

Educational level and time spent outdoors during childhood and adolescence are the most consistently associated
lifestyle factors with myopic progression,’° although no evidence exists regarding their role in tissue behavior
modulation. In the present study, individuals with at least a bachelor’s degree had higher SE and lower MaxWEMT
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and DARMI, reflecting proportionally greater deformation of the corneoscleral unit compared to central corneal
deflection, with more energy translating to the posterior pole, as Whole Eye Movement is longer and occurs earlier in
these eyes. The authors infer that this greater energy transmission to the posterior pole may trigger dopaminergic pathway

cascades’ 2

with axial elongation. The group of individuals reporting a preference for extracurricular activities in
outdoor environments during their school years showed lower values of SE and a clearly more rigid biomechanical
profile—both corneal (higher AIT and lower A1V, A2T, HCT, MaxDA, CBI and TBI) and corneoscleral (lower
MaxDefoA, HCDefoA), particularly with a higher SS-I. First, these results support the extensive evidence of UV
radiation’s role in corneal stiffness®* and suggest that a natural cross-linking process may also modulate scleral tissue
compliance and, consequently, emmetropization regulation, pointing toward potential therapeutic avenues.>*
Additionally, it supports the theory that ultraviolet light acts as a catalyst for dopamine release, which subsequently
reduces scleral compliance, thereby preventing excessive ocular growth.*

Digital devices, although less consistently associated, have in recent years gained prominence as a contributing factor
in myopia progression during childhood and adolescence,'*'>*> and the COVID-19 pandemic further substantiated this
link.>® This study divided individuals into those who began using touchscreen digital devices before the age of 15 and
those who did not. It’s important to note that, given the current habits, a more meaningful division would have been made
between those who started before the age of 2 and the remainder. However, since this sample refers to individuals who
were 15 years-old in the early 1990s - when such devices did not exist - this division was not feasible. Besides
highlighting the drastic changes in habits since then, these results underscore the relevance of this factor and its potential
for future studies. In the present study, individuals who started using such devices before the age of 15 years-old were
more myopic and showed lower SS-I. They also displayed signs of biomechanical behavior in the corneoscleral unit
suggesting greater energy transmission to the posterior pole, as indicated by a lower DARMI1 and a higher MaxWEM,
which reflects lateral movement beyond corneal deflection. This may be the first description of an alteration in the
individual tissue behavior fingerprint conditioned by early digital device use, reinforcing this factor’s relevance and
opening the door to further investigation.

Although the pillow effect has been suggested as a trigger for keratoconus,’’ the evidence is controversial. On the
other hand, it has never been proposed as a factor related to myopia. The present study separated individuals who
reported ventral sleeping habits during adolescence. These individuals exhibited descriptors of stiffer corneas (lower
HCT, DARM2, DARMI1, CBI and TBI), and also a higher MaxWEMT, indicating increased accessory movement of
corneoscleral tissue. Together, these data suggest once again that corneal ectasia and myopia may represent opposite ends
of the biomechanical spectrum and/or that these corneas may have a reduced capacity for energy absorption, with greater
transmission to the posterior pole and proportionally more scleral tissue remodeling. The study also conducted an inter-
eye analysis, showing that eyes submitted to ipsilateral sleeping position had lower MaxDT values, indicating greater
corneal stiffness. While this parameter lacks consistent supporting evidence, it reinforces the hypothesis that the pillow
effect could be included as a factor associated in the emmetropization process in future studies.

3738 evidence linking

Although eye rubbing is the most important trigger in the progression of corneal ectatic disease,
it to myopia is scarce.>® It is important to highlight that, in the present study, this group of eyes was more myopic.
However, although some differences in the biomechanical behavior of these eyes were observed, the results lacked
consistency.

Upon analysis of the adjusted multivariable model, a family history of myopia and early-age exposure to digital
devices were identified as predictors of reduced ocular rigidity in adulthood, supporting the concept of an individual
biomechanical “fingerprint” shaped by genetic load and lifestyle factors. The fact that this study was conducted in
individuals whose childhood occurred in the 1990s—oprior to the widespread use of touchscreen smartphones or tablets—
enhances its clinical relevance, as the relative contribution of lifestyle-related factors is likely to be even greater in
contemporary cohorts.

The main limitations of the present study are its retrospective observational design and the reliance on subjectively
reported data through questionnaires about past events. However, it yielded several clinically relevant findings that the
authors want to highlight. Firstly, significantly higher absolute SE values were found in individuals with lifestyle factors
theoretically associated with greater myopization. Secondly, in a large and relatively age-homogeneous sample, the
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parameters that best describe total ocular biomechanical behavior - SP-A1 and SS-I - showed differences compatible with
more compliant corneoscleral units in eyes belonging to individuals with a history of allergies, a family history of myopia
in first-degree relatives and early digital device use, and less compliant units in those belonging to individuals who
engaged more time in outdoor extracurricular activities during school years.

Conclusion

History of allergies, family history of myopia, early digital device use, and greater time spent in indoor extracurricular
activities were all associated with more compliant corneal-scleral units and higher refractive error. In the multivariable
analysis, family history of myopia and early initiation of digital device use emerged as independent predictors of a less
stiff ocular biomechanical profile in adulthood. Taken together, these findings highlight the potential central role of ocular
tissue biomechanics in translating demographic factors and childhood lifestyle habits during the period of ocular growth
into refractive status later in adult life.
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