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Purpose: Myopia causes retinal structural and microvascular alterations, impairing visual function. This study examined macular
vessel density using optical coherence tomography angiography (OCTA) and its relationship with macular light sensitivity (MLS) in
myopic eyes, particularly in extreme myopia, to determine if vessel density can serve as an early marker for detection and monitoring
of functional changes.

Patients and Methods: A cross-sectional study included 283 myopic eyes (age 18-60 years) grouped into low/moderate (LM&MM:
—0.50D > SE > —6.00D), high (HM: SE —6.00D to —10.00D), and extremely high myopia (EHM: SE <—10.00D). All eyes underwent
OCT and OCTA (6 x 6mm macular scans) to measure retinal and ganglion cell complex thicknesses and superficial (SVD) and deep
vessel densities (DVD), as well as MP-1 microperimetry to assess MLS in central and parafoveal regions. Key outcome parameters
were SVD, DVD, GCCT, and MLS.

Results: Macular SVD, DVD, and MLS decreased with increasing myopia severity (p <0.01). Extremely myopic eyes had
significantly lower SVD (47.37 vs 49.57), DVD (52.33 vs 55.55), and MLS (18.54 dB vs 19.24 dB) than low/moderate myopia
eyes (all p<0.01). These reductions were significant in most parafoveal quadrants, sparing the central foveal area (for vessel density)
and nasal quadrant (for sensitivity). DVD correlated positively with MLS, especially in EHM and in the overall cohort, whereas SVD
showed more limited correlations, primarily in the superior and temporal sectors. Multivariate regression identified DVD as an
independent predictor of MLS, alongside SE and axial length.

Conclusion: Macular vessel density, particularly in the deep vascular plexus, declines with greater myopia and correlates with
diminished macular function. OCTA-derived macular vessel density could be a promising biomarker candidate for early detection and
monitoring of retinal functional impairment in myopic eyes.
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Introduction

Myopia is a leading cause of visual impairment and blindness. Its significantly increasing prevalence, particularly in
Asia, has incurred substantial economic and social costs." As axial length elongates, the risk of severe ocular complica-
tions, such as macular degeneration, choroidal neovascularization, chorioretinal atrophy, and retinal detachment, rises.”

Moreover, the vision impairments caused by pathological myopia are often irreversible.> Despite advancements in the
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treatment of pathological myopia, effective therapeutic strategies remain limited. Consequently, early detection of
myopia-related complications is crucial for timely intervention. Understanding the relationship between morphological
and functional changes in the fundus, alongside implementing immediate and appropriate interventions, is essential to
delaying the onset of pathological myopia and preserving visual function.*

The detrimental effects of myopia on retinal morphology, such as thinning of the retina and ganglion cell layer, have
been well-documented using optical coherence tomography (OCT).>® With the rapid advancement of optical coherence
tomography angiography (OCTA) a novel, non-invasive imaging technique capable of detailed macular capillary
analysis-reduced retinal vessel density and increased blood flow resistance have also been observed. These findings
suggest that retinal microvasculature, in addition to retinal microstructural changes, plays a critical role in visual function
in myopia-related retinal disorders.”® Macular function is typically assessed using the automated central 10-2 perimetry
program, multifocal electroretinography (ERG), and microperimetry.'®'" Among these, retinal microperimetry, such as
MP-1 microperimeter testing, correlates macular light sensitivity (MLS) with corresponding fundus images, providing
a functional assessment of specific retinal points. However, the long testing duration and high demands for patient
cooperation make it suboptimal for rapid, reproducible measurements to detect and monitor macular function changes in
myopic eyes.'?

Previous studies have demonstrated a positive correlation between macular vessel density (MVD) and MLS in high
myopia.'> However, this relationship in individuals with extreme myopia requires further investigation. This study aims
to examine the distribution of MVD, as measured by OCTA across different retinal layers, and to explore its relationship
with MLS, as measured by MP-1 microperimetry, in myopic eyes. Particular attention is given to highly myopic eyes
(spherical equivalent [SE] < — 10.00D) without evident macular lesions. The goal is to determine whether MVD can
serve as a reliable parameter for the early detection and long-term monitoring of myopic visual function changes in
a simple, rapid, and effective manner.

Materials and Methods
Subjects

This prospective cross-sectional study enrolled myopic subjects consecutively from the First Affiliated Hospital of
Nanjing Medical University, China, between October 1, 2020 and September 10, 2023. A total of 283 patients (283
eyes) aged 18-60 years, diagnosed with myopia (defined as a SE of —0.5 diopters (D) or less), were recruited for this
study.

Inclusion criteria were (1) SE was —0.50D or less; (2) best corrected visual acuity (BCVA) of 0.1 logMAR or better.

Patients were ineligible to participate if they had one of the following conditions:

(1) Refractive media opacity, such as severe corneal diseases, cataract, or vitreous opacity, that impaired fundus
examination or resulted in poor image quality; (2) pathological myopic macular degeneration category 2, category 3 or
category 4 with additional features defined as “plus” lesions (lacquer cracks, myopic choroidal neovascularization and
Fuchs spot), according to the definition stated by the Meta-analysis for Pathologic Myopia (META-PM) study group; (3)
Comorbidities such as glaucoma, optic neuropathy, diabetic retinopathy, retinal or choroidal diseases that might affect
visual field (VF) test results; (4) long-term ocular or systemic use of corticosteroids; (5) history of trauma or intraocular
surgery, including vitreoretinal surgery, glaucoma surgery, cataract surgery or LASIK surgery.

Only one eye was chosen from every patient to avoid inter-eye correlation. Based on the result of SE, the enrolled
subjects were divided into 3 groups: Group LM&MM (low and moderate myopia): SE between —0.50D and —6.00D
(=0.50D > SE > —6.00D); Group HM (high myopia): SE between —6.00D and —10.00D (—6.00D > SE > —10.00D); Group
EHM (extremely high myopia): SE of —10.00D or less (as defined in Han et al,'* SE < —10.00D).

All participants underwent a complete ophthalmic evaluation, including slit-lamp microscopy, manifest refractive
error, BCVA, intraocular pressure (IOP) with non-contact tonometer (Topcon, Tokyo, Japan), and AL by way of the IOL
master 500 (Carl Zeiss, Jena, Germany). The central corneal thickness (CCT) was measured by ultrasonic pachymetry
(DGH-550, DGH Technology, Exton, PA, USA).
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OCT Imaging

Retinal thickness (RT) was measured by CIRRUS HD-OCT 5000 (Carl Zeiss Meditec, Germany). Imaging was performed
using a 512x128 macular cube volume scan, generating a cube of data through a 6x6mm grid which was divided into three
concentric circles, a central circle, inner ring, and outer ring with diameters of 1mm, 3mm, and 6mm, respectively. The outer
ring was discarded, meanwhile the central circle and inner ring (3mm) area corresponding to the MP-1 microperimeter’s 10°
macular region was used for analysis. Average retinal thickness was measured in the central 1 mm diameter zone (central), as

well as 4 surrounding sectors (superior, inferior, temporal, and nasal) within the 3 mm diameter circular grid.

OCTA Imaging

OCTA images were obtained with a commercial spectral-domain OCT system (RTVue, XR, Avanti, Optovue, Fremont,
CA, USA), with a scan rate of 70,000 A-scans per second, scan beam wavelength centered at 840 nm, and a bandwidth of
45 nm. The split-spectrum amplitude-decorrelation angiography (SSADA) algorithm was employed to calculate decorr-
elation between repeated B-scans for blood flow detection. Poor quality scans were excluded from the analysis if one of
the following criteria were met: (1) poor clarity images; (2) local weak signal (quality index <7) caused by artifacts such
as floaters; (3) residual motion artifacts visible as irregular vessel patterns on the en face angiogram and (4) uncorrected
segmentation errors.

Macular 6 mmx6 mm scan centered on the fovea were acquired and retinal layers were automatically segmented in
order to visualize the superficial vascular plexus in a slab from the internal limiting membrane (ILM) to 10um above the
inner plexiform layer (IPL), deep vascular plexus from 10pm above the IPL to10um below the outer plexiform layer (OPL).

The vessel density (VD), defined as the percentage of the area occupied by microvasculature, in the superficial
vascular plexus (SVD) and deep vascular plexus (DVD) was automatically analyzed using the built-in software. The
macular region was segmented according to the nine sectors of the Early Treatment Diabetic Retinopathy Study
(ETDRS). Further analysis focused on the foveal area (central circle with a diameter of 1 mm) and the parafoveal
area (an annular region with an inner diameter of 1 mm and an outer diameter of 3 mm), which was subdivided into four
quadrants: superior, nasal, inferior, and temporal. The ganglion cell complex thickness (GCCT) was also obtained
simultaneously from the same scan as the MVD measurements within the ETDRS 6mm diameter macular grid.

The “auto-all focus” feature of the RTVue automatically estimates the participant’s refraction, in diopters, and
accordingly adjusts the system’s configuration to ensure that the acquired images accurately represent the intended
physical dimensions on the retina, to minimize any retinal magnification effects that might have occurred due to
differences in participants’ axial lengths. Previous reports using the same instrument showed that no correction was
necessary for possible magnification effects associated with increased axial length.'*>'® This real-time scaling corrects the
potential artifactual distortion of vessel density in highly myopic eyes by standardizing the scan area before quantifica-
tion. As a result, we did not perform post-hoc axial length adjustments.

Microperimetry
Central retinal sensitivity was measured using the MP-1 microperimeter (Nidek Technologies, Padova, Italy) with the
standard 10-2 test grid and a 4-2 staircase strategy. The examination involved presenting Goldmann size III white stimuli
of varying intensities to 40 stimulus points, each lasting 200 ms. The overall dynamic testing range was 0 to 20 dB. A red
circle with a diameter of 1° served as the central fixation target.

Concentric circles with diameters of 1 mm and 3 mm were overlaid onto the 10° microperimetry image using
Photoshop software. The inner circle was defined as the central region, while the outer ring, located between the two
circles, was subdivided into four equal fan-shaped sections representing the superior, nasal, inferior, and temporal

regions. The macular light sensitivity (MLS) of these five sectors was recorded.

Statistical Analyses
All statistical analyses were performed using the SPSS software version 27.0 (SPSS Inc, Chicago, Illinois, USA).
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1. Normality tests were carried out for quantitative data and those with normal distribution are expressed as mean

tstandard deviation (SD). Chi-square test was applied to analyze the categorical variables, such as gender. Before
comparing the differences among multiple groups, all datasets were examined for homogeneity of variance using
Levine test. If the variances were equal, an ANOVA table was prepared to investigate the presence of different
mean values among groups. In the presence of different means, the LSD post hoc tests was used to determine
groups with significantly different mean values. In the case of non-equal variances, a generalization of Welch or
Brown-Forsythe test was used, followed by Tamhane’s T2 post hoc tests. Continuous variables with skewed
distribution were described as median (interquartile range) and the Kruskal-Wallis H-test was used to compare
groups of variants. When p < 0.05, the difference was statistically significant.

. The correlation between RT, GCCT, SVD, DVD, and MLS was analyzed using partial correlation analysis after
adjusting for age, gender, AL and IOP.

. Univariate linear regression analyses were applied to determine the effect of each independent variable (age, SE,
RT, GCCT, SVD, DVD) on MLS and variables statistically significant at p < 0.05 were entered into
a multivariable linear regression (stepwise method).

Result

Demographic and Clinical Characteristics of Patients in Three Groups
From the initial pool of 294 screened myopic subjects, 6 eyes were excluded due to intraocular surgery, 2 due to BCVA

more than 0.1 logMAR or worse, 2 due to poor image quality (scan quality <7/10), 1 due to significant motion artifacts.

After these exclusions, a total of 283 eyes from 283 participants diagnosed with myopia were enrolled in the study. As

illustrated in Figure 1, these were categorized into three groups: 80 eyes with low-to-moderate myopia (Group

Myopic subjects (SE was -0.50D or less) from the
First Affiliated Hospital of Nanjing Medical
University, between August 2020 and October 2023
(number of patients=294)

Exclusion criteria:

(1) refractive media opacity

(2) pathological myopic macular degeneration

(3) comorbidities such as glaucoma, optic neuropathy,
diabetic retinopathy, retinal or choroidal diseases that
might affect visual field (VF)test results

(4) long-term ocular or systemic use of corticosteroids
(5) history of trauma or intraocular surgery

If both eyes of the subject met the
criteria (BCVA of 0.1 logMAR or better),
only one eye was included

Eyes excluded (n=11):

intraocular surgery (n=6)

BCVA more than 0.1 logMAR or worse (n=2)
poor scan quality (n=3)

y

A total of 283 patients
(number of eyes=283) were

included for analyses

(extremely high myopia):

Group EHM Group HM
(high myopia):

—6.00D > SE >—10.00D

Group LM&MM
(low and moderate myopia):

SE <-10.00D —0.50D > SE > —6.00D

Figure | Flow diagram for study inclusion.
Abbreviation: SE, spherical equivalent; best-corrected visual acuity (BCVA).
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LM&MM), 112 eyes with high myopia (Group HM), and 91 eyes with extremely high myopia (Group EHM). Overall,
111 eyes were from male participants and 172 from female participants. The mean age of the participants was 27.88+6.49
years.

The demographic and clinical characteristics of the three groups are summarized in Table 1. Statistically significant
differences were observed among the groups regarding gender, central corneal thickness (CCT), axial length (AL),
spherical equivalent (SE), retinal thickness (RT), ganglion cell complex thickness (GCCT), superficial vascular plexus
(SVD), deep vascular plexus (DVD), and MLS (p < 0.05). No significant differences were found in age, best-corrected
visual acuity (BCVA), or intraocular pressure (IOP) (p > 0.05).

Results of RT, GCCT, SVD, DVD and MLS Assessments
The comparisons of average and regional RT, GCCT, SVD, DVD, and MLS are presented in Table 2.

Table | Demographic and Clinical Characteristics of Patients in Three Groups

LM&MM (1) HM (2) EHM (3) p value | Multiple Comparison
(n=80) (n=112) (n=91)

Gender (Male/Female)® 22/58 52/60 37/54 0.028 <2
Age 28.21+7.46 26.91+5.80 28.78+6.29 0.107 -
BCVA (log MAR) —0.010+0.03 | —0.004+0.02 | —0.008+0.04 0.337 -
IOP (mmHg) 15.60+2.45 15.79+2.42 15.47+3.02 0.750 -
CCT (um) 532.15+34.13 | 523.774+34.64 | 519.69+33.45 | 0.047* 1=2>3°
SE (D) —3.34x1.72 —7.92+1.41 —11.82+2.00 | <0.001* 1>2>3
AL (mm) 24.85%1.11 26.91+0.92 28.13+1.24 | <0.001%* 1<2<3
RT (um) 309.36+10.45 | 306.76+13.34 | 302.01+19.94 | 0.009* 1=2>3
GCCT (um) 101.19£44.87 | 102.44£10.18 | 95.03+16.88 | 0.001* 1=2>3
SVD (%) 49.57+3.59 49.45%3.09 47.37+4.85 0.001* 1=2>3
DVD (%) 55.55+3.97 54.90+3.77 52.33+5.35 | <0.001%* 1=2>3
MLS (dB) 19.24+0.92 19.04+1.02 18.54+1.68 0.003* 1=2>3

Notes: *Categorical variables were compared using Chi-square test. One-way ANOVA was used for comparisons among multiple
groups, followed by LSD post hoc tests with equal variance and Tamhane’s T2 with unequal variance. For non-normal distribution
parameters, the Kruskal-Wallis H-test (k independent samples) was used to compare groups of variants, and the results were
documented as median (lower and upper quartile). °Post-hoc pairwise comparisons are denoted by group numbers (I: LM&MM, 2:
HM, 3: EHM). For example, the notation “1=2>3" indicates that groups | and 2 were not significantly different from each other, but
both were significantly greater than group 3. *p<0.05, the difference is statistically significant and significant values are in bold type.

Abbreviations: BCVA, best corrected visual acuity; IOP, intraocular pressure; CCT, central corneal thickness; SE, spherical
equivalent; AL, axial length; RT, retinal thickness; GCCT, ganglion cell complex thickness; SVD, superficial vessel density; DVD, deep

vessel density; MLS, macular light sensitivity; LM&MM, low and moderate myopia; HM, high myopia; EHM, extremely high myopia.

Table 2 Average and Regional RT, GCCT, SVD, DVD and MLS in Each Group

LM&MM (1) HM (2) EHM (3) p value Multiple
(n=80) (n=112) (n=91) comparison
RT
Global | 309.36+10.45 | 306.76+13.34 | 302.01+19.94 | 0.009* 1=2>3?
S 323.81£11.79 | 319.19£16.94 | 313.77£19.43 | <0.001* 1>3
T 314.38£14.90 | 304.71+13.55 | 299.47+19.88 | <0.001* 1>2=3
| 314.89+11.75 | 308.62+16.45 | 303.90+23.13 | <0.001* 1>2=3
N 316.41£13.28 | 320.51+14.18 | 314.52+24.94 0.056 -
Fovea | 245.26%16.13 | 254.78+18.44 | 254.81£24.55 | <0.001* 1<2=3
(Continued)
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Table 2 (Continued).

LM&MM (1) HM (2) EHM (3) p value Muitiple
(n=80) (n=112) (n=91) comparison

GCCT
Global 101.19+4.87 | 102.44+10.18 | 95.03+16.88 0.001* 1=2>3
S 110.73£520 | 111.90+10.02 | 102.86+22.10 | 0.002* 1=2>3
T 100.08+4.81 100.41£10.17 | 93.88+14.22 | <0.001* 1=2>3
| 110.29+5.11 110.44+19.10 | 102.00+19.88 | <0.001* 1=2>3
N 108.56+5.73 110.58+11.58 | 102.59+18.67 | 0.002* 1=2>3
Fovea 51.38+7.28 55.34+10.34 | 52.58+12.55 0.009* 1<2
SVD
Global 49.57+3.59 49.45+3.09 47.37+4.85 0.001* 1=2>3
S 54.34+4.38 53.91+3.87 51.99+5.74 0.008* 1=2>3
T 53.36+3.63 52.70+3.29 50.56+5.09 | <0.001* 1=2>3
| 52.99+4.63 52.56+3.79 50.26+7.18 0.010% 1=2>3
N 52.03+4.70 52.22+3.74 49.59+5.29 | <0.001* 1=2>3
fovea 20.29+6.49 22.36%7.04 21.47+6.47 0.114 -
DVD
Global 55.55+3.97 54.90+3.77 52.33+5.35 | <0.001* 1=2>3
S 56.50+4.86 55.92+4.18 53.02+6.15 <0.001* 1=2>3
T 58.72+4.13 57.45%4.16 55.63+5.68 | <0.001%* 1=2>3
| 56.04+5.33 55.31+4.93 51.48+7.01 <0.001* 1=2>3
N 58.38+4.21 57.72%3.62 55.27+5.14 | <0.001%* 1=2>3
fovea 37.75+6.91 40.34+6.77 39.18+7.81 0.050 -
MLS
Global 19.24+0.92 19.04£1.02 18.54+1.68 0.003* 1=2>3
S 19.01£1.19 18.70+1.38 17.46+3.20 | <0.001% 1=2>3
T 19.59+0.84 19.22+1.30 18.53+1.87 | <0.001* 1=2>3
| 19.27£1.17 19.31£1.24 18.73£1.55 0.011* 1=2>3
N 19.18£1.09 19.331£0.91 18.99+1.63 0.160 -
Fovea 18.98+1.52 18.61%1.52 17.0943.65 <0.001* 1=2>3

Notes: *Post-hoc pairwise comparisons are denoted by group numbers (I: LM&MM, 2: HM, 3: EHM).
For example, the notation “1=2>3" indicates that groups | and 2 were not significantly different from
each other, but both were significantly greater than group 3. One-way ANOVA was used for
comparisons among multiple groups, followed by LSD post hoc tests with equal variance and
Tamhane’s T2 with unequal variance, and the results were documented as mean+SD. *p<0.05, the
difference is statistically significant and significant values are in bold type.
Abbreviations: S, superior; T, temporal; |, inferior; N, nasal; LM&MM, low and moderate myopia; HM,
high myopia; EHM, extremely high myopia.

For average RT, significant differences were observed among the three groups (p = 0.009). Significant differences
were also found across all five regions (p < 0.001), except for the nasal region (p = 0.056). Multiple comparison analyses
revealed that Group EHM (302.01+£19.94 um) had significantly thinner RT than Group LM&MM (309.36+10.45 um, p =
0.002) and Group HM (306.76+13.34 um, p = 0.027), while no significant difference was noted between Group

LM&MM and Group HM (p > 0.05).

In the inferior and temporal regions, RT was significantly thinner in Group EHM (p < 0.001) and Group HM (p =
0.007) compared to Group LM&MM. In the superior region, Group EHM had significantly thinner RT than Group
LM&MM (p < 0.001), although no significant difference was observed between Group LM&MM and Group HM (p >

4510
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0.05). Overall, retinal thickness decreased with increasing myopia severity. However, in the foveal region, RT was
significantly thicker in Group EHM (p = 0.008) and Group HM (p < 0.001) than in Group LM&MM.

For GCCT, significant differences were observed globally and in all five regions among the three groups (p = 0.001).
Group EHM showed significantly thinner average GCCT (95.03+£16.88 pum) compared to Group LM&MM (101.19
+4.87 um, p = 0.004) and Group HM (102.44£10.18 pum, p < 0.001). Similarly, GCCT in all five regions was thinner in
Group EHM than in Group LM&MM (p < 0.05) and Group HM (p < 0.05), except in the foveal region, where GCCT in
Group HM was thicker than in Group LM&MM (p = 0.006).

For SVD, significant differences were observed globally and across all regions, including the superior, temporal,
inferior, and nasal regions (p < 0.05). Multiple comparison analyses showed that the average SVD was significantly
lower in Group EHM (47.37+4.85) compared to Group LM&MM (49.57£3.59, p = 0.003) and Group HM (49.45+3.09,
p = 0.002), with no significant difference between Group LM&MM and Group HM (p > 0.05). Similar trends were
observed in regional SVD comparisons, where Group EHM exhibited significantly lower SVD than Group LM&MM
(» < 0.05) and Group HM (p < 0.05), except in the foveal region (p > 0.05).

The results for DVD closely paralleled those for SVD. Significant differences were observed globally and in all five
regions, excluding the foveal region (p > 0.05). The average DVD was significantly lower in Group EHM (52.33+5.35)
compared to Group LM&MM (55.55+£3.97, p < 0.001) and Group HM (54.90+3.77, p < 0.001). No significant difference
was observed between Group LM&MM and Group HM (p > 0.05). Regionally, Group EHM consistently exhibited
significantly lower DVD than Group LM&MM (p < 0.05) and Group HM (p < 0.05), except in the foveal region
(p = 0.05).

For MLS, significant differences were observed globally and regionally (p < 0.05), except in the nasal region (p =
0.160). Multiple comparison analyses showed that Group EHM had significantly lower average MLS (18.54+1.68)
compared to Group LM&MM (19.24+0.92, p = 0.002) and Group HM (19.04+1.02, p = 0.039). Regionally, MLS was
lower in Group EHM than in Group LM&MM (p < 0.05) and Group HM (p < 0.05), except in the nasal region (p > 0.05).
The results of the average and regional comparisons of RT, GCCT, SVD, DVD, and MLS among the three groups are
summarized in Figure 2.

Correlations Between Structure (RT, GCCT), Vasculature (SVD, DVD) and Function
(MLS)

The partial correlation analyses adjusted for age, gender, AL and IOP between ocular parameters—RT, GCCT, SVD,
DVD, and MLS—across the three groups are summarized in Table 3.

No significant correlations were observed between RT and MLS in any of the three groups (p > 0.05). For the
correlation between GCCT and MLS, a significant relationship was noted only in the inferior region of Group HM (sr =
0.218, p = 0.024) and in the pooled analysis of all participants from the three groups (sr = 0.150, p = 0.012).

Regarding the relationship between vasculature (SVD, DVD) and function (MLS), no significant correlation was
found between average SVD and average MLS in any of the groups (p > 0.05). However, in Group HM, MLS was
significantly associated with SVD in the inferior region (sr = 0.264, p = 0.006). In Group EHM, significant associations
were observed in the superior and temporal regions (sr = 0.246, p = 0.022 and sr = 0.290, p = 0.006 respectively). Similar
to Group EHM, the pooled analysis across all participants also showed significant correlations in the superior and
temporal regions (sr = 0.147, p = 0.014 and sr = 0.211, p < 0.001 respectively).

For DVD, significant correlations with MLS were observed in Group EHM and the pooled analysis for average DVD
(sr = 0.227, p = 0.030 and sr = 0.130, p = 0.035 respectively). In Group LM&MM, MLS was significantly associated
with DVD in the superior, nasal, and inferior regions (sr = 0.525, p < 0.001; sr = 0.396, p < 0.001 and sr = 0.244, p =
0.034 respectively). In Group HM, this relationship was no longer observed in the nasal region (sr = 0.627, p > 0.05),
with significant correlations persisting only in the superior and inferior regions (sr = 0.390, p < 0.001 and sr = 0.247, p =
0.01 respectively).

In Group EHM, both global and four parafoveal regions demonstrated significant correlations between DVD and
MLS (global sr = 0.227, p = 0.035; superior sr = 0.256, p = 0.017; nasal sr = 0.278, p = 0.009; inferior sr = 0.272, p =
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Figure 2 The average and regional RT, GCCT, SVD, DVD and MLS in each group. (A) The average, | and T regional RT in Group HM and EHM were statistically significant
thinner than that in Group LM&MM. However, in foveal region, the RT in Group HM was thicker than that in Group LM&MM. (B) The average and four regional (S, N, | and
T) GCCT in Group HM and EHM were statistically significant thinner than that in Group LM&MM. However, in foveal region, the GCCT in Group HM and EHM was thicker
than that in Group LM&MM. In the S region, Group EHM had significantly thinner RT than Group LM&MM. (C) The average and four regional (S, N, | and T) SVD in Group
HM and EHM were statistically significant thinner than that in Group LM&MM. However, there was no significant difference in foveal region. (D) The average and four
regional (S, N, I and T) DVD in Group HM and EHM were statistically significant thinner than that in Group LM&MM. However, there was no significant difference in foveal
region. (E) The average and four regional (S, I, T and fovea) MLS in Group HM and EHM were statistically significant lower than that in Group LM&MM. However, there was
no significant difference in nasal region. *p < 0.05, the difference is statistically significant.

0.011 and temporal sr = 0.235, p = 0.028 respectively), except for the foveal region. Similarly, in the pooled analysis,
significant correlations between DVD and MLS were found in all regions except the fovea (global sr = 0.130, p = 0.03;
superior sr = 0.327, p < 0.001; nasal sr = 0.245, p < 0.001; inferior sr = 0.240, p < 0.001 and temporal sr = 0.186, p =
0.002 respectively). Figure 3 illustrates the positive correlation between MLS and DVD across all participants in both
average and regional measurements.
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Table 3 The Average and Regional Partial Correlation Analyses Between RT, GCCT,
SVD, DVD and MLS within Groups

ALL LM&MM HM EHM
(n=283) (n=80) (n=112) (n=91)
Sr p value Sr p value Sr p value Sr p value

RT-MLS

Global | —0.002 0.697 —0.083 0.474 —0.078 0.422 0.000 0.980

S —0.006 0916 0.032 0.786 —0.104 0.283 0.005 0.966
T 0.059 0.324 —0.002 0.986 —0.067 0.489 0.151 0.163
| 0.044 0.460 —0.175 0.131 0.087 0.369 0.098 0.365
N —0.023 0.707 —0.142 0.221 —0.096 0.325 0.013 0.902

Fovea | —0.096 0.109 0.092 0.428 —0.118 0.223 —0.109 0316

GCCT-MLS

Global | 0.042 0.486 —0.053 0.650 —0.036 0.714 0.006 0.959

S 0.034 0.568 0.063 0.591 0.023 0.815 0.000 0.998
T 0.069 0.247 0.096 0.410 0.041 0.671 0.032 0.765
| 0.150 0.012* | —0.059 0.614 0.218 0.024* 0.087 0.425
N 0.063 0.293 0.020 0.861 —0.042 0.665 0.062 0.566

Fovea | —0.061 0.310 —0.086 0.459 —0.122 0.209 —0.052 0.635

SVD-MLS

global 0.108 0.072 0.024 0.840 0.098 0.351 0.164 0.129
S 0.147 0.014* 0.083 0.478 0.017 0.864 0.246 0.022%*
T 0.211 | <0.001* | 0.132 0.255 0.122 0.208 0.290 | 0.006*
| 0.106 0.077 0.025 0.832 0.264 0.006* 0.111 0.304
N 0.079 0.187 0.156 0.180 0.002 0.985 0.030 0.780

fovea | —0.014 0.819 —0.161 0.165 —0.026 0.785 —0.012 0.910

DVD-MLS

global 0.130 0.030%* 0.198 0.087 —0.018 0.854 0.227 | 0.035%

S 0.327 | <0.001* | 0.525 | <0.001* | 0.390 | <0.001* | 0.256 0.017*
T 0.186 0.002* 0.143 0.219 0.219 0.117 0.235 0.028%*
| 0.240 | <0.001* | 0.244 0.034* 0.247 0.010% 0.272 0.011*
N 0.245 | <0.001* | 0.396 | <0.001* | 0.047 0.627 0.278 | 0.009*
fovea 0.045 0.450 —0.102 0.380 —0.028 0.771 0.084 0.441

Notes: Sr: Partial correlation coefficient, adjusted for age and gender. *p<0.05, the difference is statistically
significant and significant values are in bold type.

Abbreviations: RT, retinal thickness; GCCT, ganglion cell complex thickness; SVD, superficial vessel density;
DVD, deep vessel density; MLS, macular light sensitivity; S, superior; T, temporal; |, inferior; N, nasal; LM&MM,
low and moderate myopia; HM, high myopia; EHM, extremely high myopia.

Linear Regression Analysis
Univariate linear regression analysis was conducted across different regions for all subjects in the three groups to
evaluate the effect of independent variables—gender, age, IOP, AL, SE, RT, GCCT, SVD, and DVD—on MLS. Variables
that were statistically significant (p < 0.05) in the univariate analysis were subsequently included in the multivariable
linear regression analysis. To address multicollinearity, AL was incorporated into Model 1, and SE was incorporated into
Model 2 when both were statistically significant in the univariate analysis.

Univariate analysis revealed that age, SE, AL, SVD, and DVD significantly impacted MLS in the pooled dataset.
Multivariate linear regression analysis indicated that SE, AL, and DVD maintained significant correlations with MLS,

while age and SVD lost significance after adjusting for covariates.
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Figure 3 Average and regional measurements of the relationships between DVD and corresponding MLS across all participants. There were significant correlations in
average and all regions except the fovea. (A) The DVD-MLS correlation in S region was significant in all participants. (B) The DVD-MLS correlation in N region was
significant in all participants. (C) The DVD-MLS correlation in | region was significant in all participants. (D) The DVD-MLS correlation in T region was significant in all
participants. (E) The DVD-MLS correlation in average was significant in all participants. p < 0.05, the difference is statistically significant.

As summarized in Table 4, AL (= — 0.157, CI: —0.248 ~ —0.067, p < 0.001) showed a negative correlation with
MLS, while DVD (B= 0.044, CI: 0.011 ~ 0.077, p = 0.009) demonstrated a positive correlation in Model 1 (R = 0.089).
In Model 2, SE (B= 0.078, CI: 0.036 ~ 0.120, p < 0.001) and DVD (= 0.040, CI: 0.007 ~ 0.074, p = 0.019) were
positively correlated with MLS, yielding a higher R? value (R = 0.094).

The global and regional (the superior, temporal, inferior, and nasal regions) linear regression results are presented
respectively in Table 4.
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Table 4 Univariate and Multivariate Regression Analyses to Identify Factors Associated with the MLS Across All Participants

Global Univariate Multivariate (Model 1) AL Multivariate (Model 2) SE

B p value 95% CI B p value 95% ClI B p value 95% ClI
Gender (Male/Female) | —0.133 0.394 —0.439 ~ 0.174
Age —0.025 | 0.032* | —0.048 ~ —0.002
IOP (mmHg) 0.030 0.304 —0.027 ~ 0.087
SE (D) 0.096 | <0.001%* 0.057 ~ 0.135 0.078 | <0.001* | 0.036 ~ 0.120
AL (mm) —0.196 | <0.001* | —0.283 ~—0.110 | —0.157 | <0.001* | —0.248 ~ —0.067
RT (um) 0.002 0.742 —0.008 ~ 0.011
GCCT (um) 0.007 0.245 —0.005~0.020
SVD (%) 0.056 0.003* 0.019 ~ 0.093
DVD (%) 0.063 | <0.001%* 0.031 ~ 0.095 0.044 0.009* 0.011 ~0.077 0.040 | 0.019* | 0.007 ~ 0.074
R? 0.089 0.094
S Univariate Multivariate (Model 1) AL Multivariate (Model 2) SE

B p value 95% CI B p value 95% ClI B p value 95% ClI
Gender (Male/Female) | —0.091 0.735 -0.619 ~ 0.437
Age —0.041 | 0.040* | —0.081 ~ —0.002
IOP (mmHg) 0.118 0.017* 0.021 ~0.216 0.096 0.036* 0.006 ~ 0.189 0.095 | 0.035* | 0.007 ~0.183
SE (D) 0.196 | <0.001%* 0.129 ~ 0.262 0.129 | <0.001* | 0.062 ~ 0.197
AL (mm) —0.326 | <0.001* | —0.475 ~—0.177 | -0.176 | 0.020*% | —0.324 ~ —0.027
RT (um) 0.008 0.328 —0.008 ~ 0.023
GCCT (um) 0.006 0.474 —0.011 ~ 0.024
SVD (%) 0.094 | <0.001%* 0.041 ~ 0.147
DVD (%) 0.164 | <0.001%* 0.119~0.209 0.142 | <0.001* 0.094~0.189 0.129 | <0.001* | 0.082~0.176
R? 0.183 0.208
T Univariate Multivariate (Model 1) AL Multivariate (Model 2) SE

B p value 95% CI B p value 95% CI B p value 95% CI
Gender (Male: Female) | —0.053 0.766 —0.405 ~ 0.299
Age —0.027 | 0.049* | —0.053 ~ —0.000
IOP (mmHg) 0.040 0.234 —0.026 ~ 0.105
SE (D) 0.125 | <0.001* 0.080 ~ 0.169 0.100 | <0.001* | 0.055 ~ 0.146
AL (mm) —0.242 | <0.001* | —0.340 ~ —0.143 | —0.192 | <0.001* | —0.29] ~ —0.092
RT (um) 0.011 0.032* 0.001 ~ 0.021
GCCT (um) 0.014 0.081 —0.002 ~ 0.029
SVD (%) 0.097 | <0.001* 0.058 ~ 0.137 0.078 | <0.001* 0.038 ~0.118 0.071 | <0.001* | 0.031 ~0.111
DVD (%) 0.080 | <0.001* 0.046 ~ 0.114
R? 0.122 0.135
1 Univariate Multivariate

B p value 95% CI B p value 95% CI
Gender (Male/Female) | —0.071 0.666 —0.395 ~ 0.253
Age —0.038 | 0.002* | —0.062 ~-0.014 —0.025 0.034* —0.049 ~ —0.002
IOP (mmHg) 0.050 0.103 —0.010 ~0.110
SE (D) 0.071 0.001* 0.029 ~ 0.114
AL (mm) —0.151 | 0.002* | —0.244 ~ —0.058
RT (um) 0.005 0.249 —0.004 ~ 0.014
GCCT (um) 0.017 0.002* 0.006 ~ 0.028 0.013 0.014* 0.003 ~ 0.024
SVD (%) 0.041 0.005* 0.012 ~ 0.070

(Continued)
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Table 4 (Continued).

DVD (%) 0.069 | <0.001%* 0.044 ~ 0.094 0.059 <0.001* 0.034 ~ 0.084
R? 0.131
N Univariate Multivariate
B P value 95% CI B P value 95% CI
Gender (Male/Female) | —0.133 0.394 -0.439 ~ 0.174
Age —0.025 | 0.032* | —0.048 ~ —0.002
IOP (mmHg) 0.030 0.304 —0.027 ~ 0.087
SE (D) 0.096 | <0.001* 0.057 ~ 0.135
AL (mm) —0.196 | <0.001* | —0.283 ~ —0.110
RT (um) 0.002 0.742 —0.008 ~ 0.011
GCCT (um) 0.007 0.246 —0.005 ~ 0.019
SVD (%) 0.056 0.003* 0.019 ~ 0.093
DVD (%) 0.062 | <0.001* 0.031 ~ 0.095 0.048 0.003* 0.017 ~ 0.080
R? 0.032

Notes: R?, correlation coefficient. The covariates (p< 0.05 in univariate analysis) are included in the multivariate regression model. Model I: incorporate AL, when both AL
and SE were statistically significant in the univariate analysis. Model 2: incorporate SE, when both AL and SE were statistically significant in the univariate analysis. ¥p<0.05, the
difference is statistically significant and significant values are in bold type.

Abbreviations: Cl, confident interval; IOP, intraocular pressure; SE, spherical equivalent; AL, axial length; RT, retinal thickness; GCCT, ganglion cell complex thickness; SVD,
superficial vessel density; DVD, deep vessel density; MLS, macular light sensitivity; LM&MM, low and moderate myopia; HM, high myopia; EHM, extremely high myopia; S,
superior; T, temporal; |, inferior; N, nasal.

In the univariate analysis of superior region, age, SE, AL, SVD, DVD, and IOP significantly impacted MLS (p <
0.05). Multivariate analysis showed that IOP, SE, AL, and DVD maintained significant correlations, while age and SVD
no longer had significant influence. In Model 1, AL (= — 0.176, CI: —0.324 ~ —0.027, p = 0.02) negatively correlated
with MLS, whereas DVD (= 0.142, CI: 0.094 ~ 0.189, p < 0.001) and IOP (B= 0.096, CI: 0.006 ~ 0.189, p = 0.036)
were positively correlated (R* = 0.183). Model 2, which incorporated SE instead of AL, demonstrated positive
correlations for SE (f= 0.129, CI: 0.062 ~ 0.197, p < 0.001), DVD (p= 0.129, CI: 0.082 ~ 0.176, p < 0.001), and IOP
(B= 0.095, CI: 0.007 ~ 0.183, p = 0.035) with a higher R* (R* = 0.208).

As for temporal region, in univariate analysis, SE, AL, SVD, RT, and age significantly influenced MLS. However,
multivariate analysis retained only SE, AL, and DVD as significant contributors. In Model 1, AL (B=—0.192, CI: —0.291
~ —0.092, p < 0.001) negatively correlated with MLS, while SVD (= 0.078, CI: 0.038 ~ 0.118, p < 0.001) positively
correlated (R* = 0.122). Model 2 demonstrated positive correlations for SE (=0.100, CI: 0.055 ~ 0.146, p < 0.001) and
SVD (B= 0.071, CL: 0.031 ~ 0.111, p < 0.001) with a slightly higher R* (R* = 0.135).

In the inferior region, while univariate analysis identified SE, AL, SVD, and DVD as significant variables, multi-
variate regression retained only DVD and GCCT as positive correlates of MLS and age as a negative correlate.

In the nasal region, univariate analysis identified age, AL, SE, SVD, and DVD as significant contributors to MLS.
However, in multivariate regression, only DVD (B= 0.048, CI: 0.017 ~ 0.080, p = 0.003) maintained a positive
correlation with MLS after adjusting for covariates (R? = 0.032). The multivariate regression results across regions,
along with regression equations, are illustrated in Figure 4 via scatterplots.

Discussion

Key Findings

This study investigated the link between macular microvasculature and function in myopic eyes, with a focus on high and
extreme myopia. We found that DVD in the macula was strongly and positively associated with retinal light sensitivity
across most macular regions, particularly in highly and extremely myopic eyes. In contrast, SVD, RT, GCCT showed
weaker and less consistent correlations with MLS. Multivariate analyses confirmed that DVD was an independent
predictor of regional MLS, whereas SVD, RT, and GCCT did not retain significance after accounting for other factors.

4516 hetps: Clinical Ophthalmology 2025:19



Chen et al

A
80
Global-DVD
AL
60=
404
20
T T T T
12 14 16 18 20 22
Global-MLS(dB)
MLS=20.756-0.157*AL+0.044*DVD
(o3
80
T-SVD
AL
60=
404
20
T T T T T
10 12 14 16 18 20 22
T-MLS (dB)
MLS=20.17+0.078*SVD-0.192°AL
E
80
S-DVD
1P
60 AL
404
20
0 T T T T T
10 12 14 16 18 20 22
S-MLS(dB)
MLS=13.77+0.142*DVD-0.176*AL+0.096*IOP
G
70
N-DVD
60=
50
40 T T T T
14 16 18 20

N-MLS(dB)
MLS=14.626+0.08*DVD

B
Global-DVD
60 =1
— SE
40
20

T T T T
12 14 16 18 20 22
Global-MLS(dB)
MLS=17.372+0.078*SE+0.04*DVD
D
—— T-SVD
60
401
20

1 I I 1 I
10 12 14 16 18 20 22
T-MLS (dB)
MLS=16.196+0.071*SVD+0.1*SE
F
80
S-DVD
IoP
60 — SsE
40
20

1 1 1 1
12 14 16 18 20 22
S-MLS(dB)
MLS=110.821+0.129°DVD+0.129*SE+0.095*I0P
H
140
1-DVD
120=4 Age
1-GCCT
100
804
601
40
204
0 T T T T T
10 12 14 16 18 20 22

I-MLS (dB)

MLS=15.168+0.059*DVD-0.013*GCCT-0.025*Age

Figure 4 Multivariate regression analyses to identify factors associated with MLS across all participants. Results of multivariate regression analyses showed a significantly
positive relationships between DVD and MLS in myopic eyes, especially in average and S, N, | regions. AL was negatively correlated with MLS, while SE was positively
correlated with MLS. The relationships between SVD, age, IOP, GCCT and the MLS were not stable. The linear regression equation for every regional MLS was marked
under the picture. (A) The MLS in average was positively correlated with DVD, while negatively correlated with AL in Model I. (B) The MLS in average was positively
correlated with DVD and SE in Model 2. (C) The MLS in T region was positively correlated with SVD, while negatively correlated with AL in Model |. (D) The MLS in
T region was positively correlated with SVD and SE in Model 2. (E) The MLS in S region was positively correlated with DVD and IOP, while negatively correlated with AL in
Model I. (F) The MLS in S region was positively correlated with DVD, SE and IOP in Model 2. (G) The MLS in N region was only positively correlated with DVD. (H) The

MLS in | region was positively correlated with DVD and GCCT, while negatively correlated with age.
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These findings suggest that deep retinal microvascular integrity is a key determinant of macular function in myopia,
beyond the effects of retinal thinning or refractive error alone.

Interpretation of Results

Our study found that Group HM and Group EHM manifested thinner RT compared to Group LM&MM in average and
superior, temporal and inferior regions of the parafovea within 3mm of the macula. However, in the fovea, the RT was
thicker in Group HM and Group EHM. Similarly, for the changes of GCCT, we observed the decline in average and
regional sectors except for the foveal region as the degree of myopia increased. This observation aligns with the
hypothesis that the central retina may be relatively protected against the stretching forces that accompany globe
expansion, which are assumed to underlie peripheral retinal thinning in myopia. The pathogenesis of thicker central
foveal RT and GCCT associated with refractive error has not yet been clearly established, however, a possible mechanism
is that the increase in axial length of myopic eyes causes mechanical stretching of the sclera in the posterior pole, which
would cause traction of the vitreous, resulting in an increase of the foveal thickness.!” Therefore, the increase in the
foveal thickness with higher myopic diopters could be an early sign of vitreoretinal traction.'®

The pronounced relationship between reduced deep plexus perfusion and diminished sensitivity provides insight into
the pathophysiology of myopic vision loss.

The deep capillary plexus lies in the inner retina (around the inner nuclear and outer plexiform layers) and may be
particularly vulnerable to the axial stretching in myopia.'” Reduction in DVD typically indicates regional ischemia or
inadequate metabolic support for retinal neurons. This impairment disrupts synaptic and photoreceptor activity, leading to
localized sensitivity deficits. In contrast, the superficial vascular plexus primarily supplies the nerve fiber and ganglion
cell layers, where moderate SVD reduction in myopia may be more readily tolerated or compensated by retinal
circulation, which could explain why SVD was not significantly correlated with MLS in our study.

Retinal thinning and GCC loss are well-documented in myopia, but their direct impact on function appears secondary
to vascular factors. We observed that although greater RT or GCCT sometimes correlated with higher sensitivity in
univariate analysis, these structural metrics were not independent predictors when vascular density and axial length were
considered. One possible explanation is that retinal thickness alone cannot guarantee sufficient perfusion; a thinned retina
with relatively intact deep vasculature may retain function, while even a normal-thickness retina with compromised
perfusion could show sensitivity loss. This aligns with evidence that deep plexus attenuation in myopia is associated with
outer retinal alterations and visual dysfunction.” In essence, our results suggest that microvascular health of the deep
vascular plexus plays a more pivotal role than overall anatomical thickness in maintaining macular function in myopic
eyes.

Comparison with Previous Studies

Our findings corroborate and extend those of earlier studies examining structure-function relationships in myopia. Tsui
et al'® first reported that macular vessel density correlates positively with microperimetric sensitivity in myopic eyes.
Consistent with our results, they found that DVD (rather than SVD) was associated with sensitivity in high myopia, and
that eyes with lower DVD had worse light sensitivity. They also observed a contribution of retinal thickness (RT) to
sensitivity.

In our study, RT showed only limited correlations, which may reflect differences in participant profiles. By including
extremely high myopes, who often have universally thin retinas, we found perfusion to be the more distinguishing factor
for functional integrity. This extends the findings of previous work by demonstrating that this relationship is not only
present but may be particularly critical in the EHM subgroups, even in the absence of classic pathological features.
Notably, our regional multivariate analysis demonstrated that DVD predicts sensitivity in nearly all macular sectors
(except the T and fovea region) even after controlling for axial length and other covariates, reinforcing the generality of
this structure-function link. This regional approach builds on Tsui et al’s sector-based correlations by providing a more
robust mapping of functional risk areas.

Previous studies have consistently demonstrated reduced macular vessel density in high myopia.>'** Extending these
structural observations, our study crucially links the vascular changes to functional outcomes. The superficial plexus
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findings in the literature have been somewhat inconsistent: some authors report superficial flow reductions in high
myopia,”** while others find superficial density relatively preserved unless pathological myopic degeneration is
present.>* Our observation that SVD had little influence on microperimetry aligns with the notion that mild superficial
vessel loss may not translate into detectable functional loss in the absence of advanced disease. In contrast, there is strong
consensus that deep capillary plexus (DCP) deficits are pronounced in high myopia and likely contribute to retinal
dysfunction. Ye et al*® reported that DCP density is significantly reduced in pathological myopia and correlates with
outer retinal disruption and poorer visual acuity, underscoring that deep retinal circulation is critical for sustaining
photoreceptors and vision when the eye is highly elongated.

Our findings also resonate with a very recent multimodal imaging study by Liang et al.2® Using adaptive optics, OCT,
OCTA, and microperimetry, Liang et al identified deep capillary plexus (DCP) hypoperfusion as a key factor in macular
dysfunction in high myopia. This is in excellent agreement with our results, reinforcing that the DCP is a pivotal
indicator of functional health in myopic eyes. Our study adds further evidence by specifically highlighting this relation-
ship in eyes beyond —10 D (extreme myopia), a group that Liang et al did not isolate. By focusing on extreme myopes
without overt fundus pathology, we fill a knowledge gap: even before classic myopic maculopathy sets in, microvascular
attenuation in the deep retina can flag functional decline.

In comparing structural metrics, prior work has shown that thinning of the retina and ganglion cell layer in myopia
can relate to function, but with variability. Tsui et al'® observed regional retinal thickness-sensitivity correlations in
moderate and high myopes, and others have reported that ganglion cell complex thickness correlates with visual field or
perimetric outcomes in myopia.”” However, those studies also noted that thickness alone explains only part of the
variance in function. Our multivariate findings suggest that once DVD is accounted for MLS, RT or GCCT provide little
additional predictive value. It is possible that RT/GCC thinning and reduced perfusion occur together during axial
elongation, but perfusion more directly impacts neuronal function. Indeed, in vivo analyses in highly myopic eyes
indicate that intact retinal microstructure, like continuous photoreceptor layers, is necessary but not sufficient for normal

sensitivity, sufficient blood supply must also be present.”® Park et al*

underscores that retinal sensitivity is critically
dependent on perfusion, even in structurally intact regions. Thus, structure and circulation are both vital, our study
suggests that early in the myopic continuum, measuring the circulation (DVD) may be the more sensitive way to gauge
subtle functional compromise that thickness alone does not reveal.

Our methodology and results also advance the field by leveraging non-invasive OCTA alongside microperimetry for
regional structure-function mapping. Previous studies have often examined global or quadrant averages, here we
performed a point-to-point sectoral analysis within the central 10° field. This approach, similar to that of Tsui et al but
applied to extremely myopic eyes, strengthens causal inferences by showing the correspondence of local perfusion
deficits with localized sensitivity loss. It also underscores the reproducibility of the OCTA-microperimetry relationship:
despite different populations and devices (we used MP-1 microperimetry vs MAIA), the deep vasculature’s role in
macular function consistently emerges. By integrating these modalities, our study design offers a framework for future
research and for potentially improving clinical assessments of myopic patients.

Significance and Clinical Implications

The demonstrated link between deep retinal vessel density and macular function has significant academic and clinical
implications. Academically, it highlights DVD as a quantifiable biomarker that bridges anatomical changes and func-
tional outcomes in myopia. This furthers our understanding of myopic degeneration: even in eyes without overt lesions,
microvascular insufficiency in DCP may herald functional impairment. Clinically, our findings suggest that OCTA, an
objective, rapid, and non-invasive imaging tool, could be harnessed to screen myopic patients for early functional
decline.

Currently, macular function in myopia is most directly assessed by microperimetry or multifocal ERG, but these tests
are time-consuming and require considerable patient cooperation. In contrast, a macular OCTA scan takes only seconds
and does not rely on patient responses. If reduced macular DVD is observed in a myopic eye, our results indicate it is
likely that the patient’s retinal sensitivity is already suboptimal in those regions, even if visual acuity remains 0 logMAR.
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This could enable a proactive approach: clinicians might identify high-risk high myopes (eg an extreme myope with
significantly low parafoveal DVD) and counsel more aggressive myopia control or closer follow-up to preserve vision.

Importantly, such use of OCTA would allow regional functional deficits to be detected before they manifest as
noticeable vision loss. Indeed, microperimetry has shown that macular function can decline in myopic eyes prior to
obvious fundus changes.*® During routine OCT imaging, a rapid macular OCTA scan can be simultaneously acquired.
A significantly low DVD value would objectively identify eyes with likely subclinical functional impairment, prompting
two key actions: (1) initiating more frequent monitoring and (2) reinforcing the importance of myopia control, thereby
personalizing management based on vascular health before vision loss is apparent.

Additionally, our findings underscore the value of mapping where in the macula function is most threatened in
myopia. For example, we noted DVD was most strongly linked to sensitivity in nasal, inferior, and superior inner
macular regions (with temporal and fovea regions somewhat less affected). This pattern might reflect the distribution of
stress from axial elongation. Identifying such patterns could help clinicians pay special attention to certain retinal
subfields in high myopes. It also suggests a hypothesis for future testing: are some macular regions more resilient due to
better collateral circulation or choroidal support? Overall, the ability to perform regional functional-structural correlation

in vivo, as we have done, is a step forward for personalized ocular monitoring in myopia.

Limitations and Future Directions

We acknowledge several limitations in our study. First, the design was cross-sectional, capturing a single time-point in
each eye. While we established associations between DVD and function, we cannot confirm causality or the direction of
change. Longitudinal studies are needed to determine if reduced DVD precedes and predicts subsequent sensitivity loss.

Second, our sample included only myopic eyes without evident macular pathology. While this homogeneity was
intentional to study early changes, it limits generalizability.

Moreover, our study did not evaluate the choriocapillaris and choroidal vasculature. Given the crucial role of the
choroid in nourishing the outer retina and the known choroidal thinning in myopia, the omission of choriocapillaris
data is a limitation. Future studies incorporating enhanced-depth imaging OCTA or other techniques to assess the
choriocapillaris are needed to provide a more complete picture of the vascular contributions to functional deficits in
high myopia.

The relationships we found may not hold once pathological myopic degeneration sets in. In advanced myopia with
macular atrophy, the dominant factors reducing sensitivity are the atrophic lesions and RPE-photoreceptor loss.>' In such
cases, OCTA might underrepresent choroidal circulation loss or may be confounded by OCT signal attenuation over areas
of atrophy. Future studies should examine how the addition of early pathological changes (for example, subtle RPE
disruption or tessellation) affects the perfusion-function link.

Another limitation is that we only analyzed one eye per participant. Although this avoids statistical interdependence
of two eyes from the same person, it potentially discards information and could introduce selection bias if the chosen eye
had systematically better or worse metrics. We attempted to mitigate bias by selecting the eye randomly when both met
inclusion criteria. In practice, both eyes of an individual with high myopia often share similar refractive and axial
characteristics, but subtle asymmetries do occur. A future study could include both eyes and use hierarchical models to
account for inter-eye correlation, allowing us to explore whether asymmetry in DVD corresponds to asymmetry in
functional outcomes for a given patient.

Technical considerations of OCTA and microperimetry also apply. OCTA can be prone to segmentation errors and
projection artifacts, especially in highly myopic eyes with posterior staphyloma or tilted discs. We rigorously quality-
controlled the images and used software auto-focus adjustments to account for axial length differences, but minor errors
in layer segmentation could affect measured vessel densities. In extremely elongated eyes, the projected scan area may
differ slightly from actual retinal area despite magnification correction, which could influence absolute VD values.

In summary, despite these limitations, our study provides a clearer picture of how microvascular changes relate to
visual function in myopia, and it paves the way for several future investigations.
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Conclusion

In conclusion, this study demonstrates that macular DVD is a sensitive indicator of regional visual function in myopic
eyes, particularly in high and extreme myopia. Eyes with better-preserved DVD maintained higher light sensitivities,
whereas superficial vascular metrics and retinal thickness were less predictive of function. These findings strengthen the
concept that microvascular integrity underlies retinal health in myopia, even before overt degeneration occurs. The use of
OCTA to non-invasively map perfusion offers a valuable tool for early detection and monitoring of at-risk myopic eyes in
a quick and objective manner. Clinically, adopting OCTA alongside routine exams could enable timely interventions to
preserve vision, addressing a growing public health challenge as myopia prevalence rises.
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