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Abstract

Objective: To evaluate the features of retinal and choroidal microcirculation and structure in
patients with amblyopia compared to healthy adolescents of the same age (>10 years old). To
classify and diagnose amblyopia using machine learning techniques on optical coherence tomo-
graphic angiography (OCTA) images.

Methods: Nineteen adolescents aged 11—17 with hyperopic refractive amblyopia and 22
age-matched healthy controls underwent 12 x 12 mm macular OCTA scans. The eyes were
classified into three groups: amblyopic, contralateral non-amblyopic, and control. Retinal
thickness (RT), choroidal thickness (ChT), and perfusion densities in the superficial capillary
plexus (SCP) and deep capillary plexus (DCP) were measured across nine regions. A combi-
nation of statistical analysis and machine learning, including cross-validation and Random
Forest classification, was used to enhance the diagnostic accuracy and classify amblyopic
and normal eyes.

Results: Retinal thickness was significantly higher in the amblyopic eyes compared to the control
group in multiple regions, including the central (p < 0.001), nasal (p < 0.01), and temporal zones
(p < 0.01). Choroidal thickness was also greater in the amblyopic eyes, particularly in the central
and nasal regions (p < 0.05). However, no significant differences were observed in the perfusion
densities of SCP and DCP. The machine learning classification model incorporating cross-valida-
tion achieved an accuracy of 92%, with Random Forest demonstrating improved classification
and feature importance analysis.

Conclusion: The results indicate that eyes with refractive amblyopia have notably thicker reti-
nal and choroidal layers, particularly in the central and nasal regions. Combining OCTA data with
machine learning creates a strong diagnostic framework for detecting changes in the retina and
choroid associated with refractive amblyopia. Utilizing sophisticated classification methods, like
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Random Forest and cross-validation, improves diagnostic precision and presents new possibilities
for automated clinical evaluation.

© 2025 The Author(s). Published by Elsevier Espana, S.L.U. on behalf of Spanish General Council
of Optometry. This is an open access article under the CC BY-NC-ND license (http://
creativecommons.org/licenses/by-nc-nd/4.0/).

Introduction

Amblyopia, usually caused by abnormal binocular interac-
tions during the critical period of visual cortex development,
is characterized by decreased visual acuity in one or both
eyes, although no detectable ocular abnormalities are
present.’ %3 In young children, prolonged occlusion therapy
of the better (non-amblyopic) eye is often effective in
improving visual function.'">** However, as visual plasticity
decreases significantly after the critical developmental
period, the treatment of amblyopia in older children and
adults becomes increasingly difficult.”?> As a result, ambly-
opia remains a leading cause of visual impairment in adults
due to late detection or inadequate treatment in
childhood.’®” If left untreated during the appropriate
developmental window, amblyopia can lead to irreversible
visual impairment.>¢7

Although amblyopia has traditionally been viewed pri-
marily as a cortical disorder, there is increasing evidence
that structural and functional abnormalities may extend
beyond the visual cortex to other components of the visual
pathway. For instance, some studies have identified micro-
structural changes in the lateral geniculate nucleus, while
the involvement of the retina is still under debate.®?'° The
retinal capillary network, which supplies vital oxygen and
nutrients to the retina, plays a central role in maintaining
visual function. Similarly, the choroidal circulation, which
supplies the outer layers of the retina, is crucial for main-
taining healthy vision. It suggests that the mechanisms
behind amblyopia are not limited to the visual cortex and
may also involve other parts of the visual pathway. This
opens up a new perspective for understanding the condition
by examining the structure and microcirculation of retina
and choroid.

Optical coherence tomography angiography (OCTA), a
non-invasive imaging technique, provides high-resolution
imaging of retinal and choroidal blood flow and structure.
This modality has demonstrated significant value in diagnos-
ing and monitoring vascular alterations associated with reti-
nal diseases. Emerging evidence highlights its potential in
identifying structural abnormalities in amblyopic eyes.'"'?
Research leveraging OCTA has observed differences in the
retinal and choroidal structures, optic nerve head, and vas-
culature between amblyopic and normal eyes. However, dis-
crepancies across studies, arising from variations in
methodologies, sample characteristics, and measurement
standards, have impeded the formation of a unified consen-
sus. Notably, data on older children and adolescents with
amblyopia, especially those with refractive amblyopia,
remain scarce.

This study aims to assess the retinal and choroidal struc-
tures as well as the microcirculation in the amblyopic eyes
of older adolescents with refractive amblyopia using OCTA.
Through the integration of machine learning techniques, the

research further explores diagnostic applications and inves-
tigates potential underlying mechanisms. This comprehen-
sive approach addresses existing gaps in knowledge and
offers new insights into the pathophysiology and diagnostic
strategies for amblyopia in this demographic.

Methods

This case-control study was conducted from March 2022 to
September 2023 at Tianjin Eye Hospital. Nineteen subjects
aged 11 to 17 years with hyperopic refractive amblyopia and
22 age-matched healthy controls were included. The study
protocol was approved by the Ethics Committee of Tianjin
Eye Hospital (2021040) and adhered to the Declaration of
Helsinki principles. Informed consent was obtained from all
participants and/or their legal guardians. Hyperopic refrac-
tive amblyopia was defined as best-corrected visual acuity
(BCVA) lower than age-matched standards due to hyperopic
refractive error during visual development. The inclusion
criteria for amblyopic participants were: (1) no prior refrac-
tive correction or amblyopia treatment in the past two
years; (2) no nociceptive hypersensitivity, glaucoma, or
cerebral disorders; and (3) no mixed amblyopia or systemic
diseases. Exclusion criteria included poor cooperation, men-
tal retardation, or poor general health.

All participants underwent comprehensive ophthalmolog-
ical examinations, including BCVA assessment using LogMAR
charts, slit-lamp biomicroscopy, refractometry with dilated
pupil (RKT7700; NIDEK, Gamagori, Japan), corneal topogra-
phy, and contrast sensitivity testing. OCTA (VG200I; Vision
Micro Imaging, Henan, China) was used to perform
12 x 12 mm macular scans, dividing the macula into nine
regions: central, inner nasal, inner superior, inner temporal,
inner inferior, outer nasal, outer superior, outer temporal,
and outer inferior. Retinal and choroidal thicknesses were
measured, and perfusion density data were obtained.
Images with significant artifacts or a signal strength index <
7/10 were excluded.

Statistical analysis was performed using SPSS 27 (IBM
Corp., Armonk, NY, USA). Categorical variables were
expressed as numbers and percentages, while continuous
variables were presented as mean + standard deviation or
median (interquartile range). Group differences were evalu-
ated using analysis of covariance (ANCOVA), controlling for
axial length, and p < 0.05 was considered statistically signif-
icant.

In addition to statistical analysis, a logistic regression
model was applied to classify amblyopic, contralateral non-
amblyopic, and healthy eyes based on retinal and choroidal
thickness data. The dataset was divided into training (80%)
and testing (20%) sets. Features were standardized to elimi-
nate scale differences. Model performance was assessed
using confusion matrices, Receiver Operating Characteristic
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(ROC) curves, precision, recall, F1-score, and ROC-AUC.
Cross-validation was conducted to ensure model robustness.

This study adhered to the STARD (Standards for Reporting
of Diagnostic Accuracy Studies) guidelines to ensure trans-
parency and completeness in reporting diagnostic accuracy
research. The checklist items were systematically addressed
throughout the study design and analysis.

Results

A total of 38 eyes of 19 patients with refractive amblyopia
were included in this study, including 13 males and 6
females, with a median age of 13 (11—17). Amblyopic eyes
(AE: 4.02+2.59 D) showed significantly higher spherical
equivalents than non-amblyopic eyes (NE: 0.98+2.4 D,
P < 0.001) and control eyes (CE: —2.39+2.13 D, P < 0.001),
with NE also exhibiting higher SE than CE (P < 0.001). Log-
MAR visual acuity in AE (0.3740.35) was significantly worse
than in CE (0.00 + 0.00, P < 0.001) and NE (0.00+0.03,
P < 0.001), while no difference existed between NE and CE
(P =0.992). Age (P = 0.415) and sex distribution (P = 0.747)
showed no statistical differences, indicating balanced base-
line characteristics. All participants were of Chinese ethnic-
ity (Table 1).

Changes in retinal structure

Through the examination and comparative analysis of macu-
lar RTwithin 6 mm of macular diameter in the three groups,
the thickness of macular RT in the amblyopic eyes was
thicker than that of the control group in the central, inner
ring nasal, superior, inferior, outer ring nasal, superior, tem-
poral, and inferior regions, and there was no significant dif-
ference between the thicknesses of the two groups in the
inner ring temporal lateral region (p = 0.829); the thick-
nesses of macular full-layer RT in the non-amblyopic eyes
were also higher than that of the control group in the cen-
tral, inner ring nasal, superior, temporal, and inferior, and
outer ring nasal, superior, temporal, and inferior thicknesses
were also higher than those of the control group; the thick-
nesses of macular whole-layer RT in the outer ring temporal
(p = 0.004) and inferior (p = 0.008) were higher than those of
the contralateral non-amblyopic eyes in amblyopic eyes,
and there were no significant differences in the other subre-
gions (Figs. 1-3 and Table 2).

The inner macular RT of the amblyopic eyes was higher
than that of the control group in the central, inner ring

nasal, superior, inferior, outer ring superior, temporal, infe-
rior, no significant difference was seen in the outer ring nasal
side (p = 0.299), while in the inner ring temporal side, the
inner RT of the amblyopic eyes was lower than that of the
control group (p < 0.001); the non-amblyopic eyes were
greater than that of the control group compared to the con-
trol group in the central, inner ring nasal, temporal, inferior,
outer ring superior, temporal, inferior, but no significant dif-
ference was seen in the inner ring superior (p = 0.077), and
outer ring nasal side (p = 0.156) no significant difference was
seen between the two groups; the amblyopic eyes were
larger than the contralateral non-amblyopic eyes in the cen-
tral area, inner ring nasal, superior, outer ring temporal,
inferior, compared to the non-amblyopic eyes, and there
was no significant difference in the inner RT between the
two groups in the inner ring inferior (p = 0.277), outer ring
nasal (p = 0.891), superior (p = 0.470), and in the inner ring
temporal side, the inner RT was lower in the amblyopic eyes
than in the non-amblyopic group (p < 0.001) (Figs. 1, 2 and
Table 3).

The outer macular layer RT of amblyopic eyes was greater
than that of controls in the central zone, inner ring nasal,
superior, inferior, outer ring nasal, superior, temporal, infe-
rior, with no significant difference in the inner ring temporal
side (p = 0.087), while in the central zone (p < 0.001), inner
ring nasal side (p < 0.001), and inner ring superior
(p < 0.001), the outer layer RT of amblyopic eyes was lower
than that of controls; in the non-amblyopic eyes compared
to controls, the non-amblyopic eyes had greater RT in the
central region, inner ring nasal, superior, temporal, inferior,
outer ring nasal, superior, temporal, inferior were greater
than those of the control group; amblyopic eyes compared
to contralateral non-amblyopic eyes had higher RT on the
temporal side of the outer ring (p = 0.038) and below the
outer ring (p = 0.025) than non-amblyopic eyes, and
between the two groups on the temporal side of the inner
ring (p = 0.359), inferior (p = 0.122), and on the nasal side of
the outer ring (p = 0.074), and superior (p = 0.076) There
was no significant difference in outer RT, while in the central
region (p < 0.001), inner ring nasal (p < 0.001), and upper
inner ring (p < 0.001), the amblyopic eyes were lower than
the non-amblyopic eyes (Figs. 1, 2 and Table 4).

Choroidal thickness

The choroidal thickness in amblyopic eyes was greater than
in control eyes in the central region, inner ring (nasal, supe-
rior, temporal, inferior), and outer ring (nasal, superior),

Table 1 Demographic and baseline characteristics of the study population.
Variables AE (n=19) CE (n=22) NE (n=19) P value
AE vs. CE NE vs. CE AE vs. NE
Age(years) 13.26 +£1.76 13.14+2.77 13.26 +1.76 0.415 N/A N/A
Sex(F/M) 6/13 8/14 6/13 0.747 N/A N/A
SE(D) 4.02 +2.59 —2.39+2.13 0.98 +2.4 <0.001 <0.001 <0.001
VA(LogMAR) 0.37 £0.35 0.00 + 0.00 0+0.03 <0.001 0.992 <0.001

Unpaired t-test was used for analysis of continuous variables, x2 test was employed for analysis of categorical variables, data shown as
mean =+ SD. AE, amblyopia eyes; NE, non-amblyopia eyes; CE, control eyes; SE, spherical equivalents; VA(LogMAR), logarithm of the mini-
mum angle of resolution; F, female; M, male; D, diopter; SD, standard deviation. AE and NE represent paired eyes of the same individuals.
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Fig. 1

oum

The thickness and blood flow density were obtained by 12 x 12 mm scanning. A. Comparison of retinal thickness (um)

between amblyopic eyes, normal eyes and contralateral non-amblyopic eyes; B. Comparison of inner retinal blood perfusion density
(%) in amblyopic eyes, normal eyes and contralateral non-amblyopic eyes. AE amblyopia eyes, NE Non-amblyopia eyes, CE control

eyes.

but there was no significant difference on the temporal side
(p = 0.127) and inferior side (p = 0.170) of the outer ring. In
non-amblyopic eyes compared to controls, there was no sig-
nificant difference in choroidal thickness in the central
region, inner ring (nasal, superior, temporal, inferior), or
any partitions of the outer ring (nasal, superior, temporal,
inferior). When comparing amblyopic eyes to contralateral
non-amblyopic eyes, the choroidal thickness was higher on
the inner ring nasal side (p = 0.046) and outer ring nasal side

(p = 0.013) in amblyopic eyes, but there was no significant
difference in the central zone, inner ring (superior, tempo-
ral, inferior), or outer ring (superior, temporal, inferior)
between the two groups (Figs. 1-3 and Table 5).

Retinal blood flow

There were no significant differences in whole-layer retinal
perfusion density among the three groups across the central,

ILM-BM ILM-OPL

ILM-IPL ILM-IPL

BM-CSI

Fig. 2

1PL-BM IPL-OPL

A. Schematic representation of retinal stratification on OCTA scanning. B. Schematic of the full, inner and outer retinal

thickness scans. C. Schematic representation of retinal blood flow, superficial blood flow and deep blood flow density scanning areas.
D. Schematic of the range of choroidal thickness scans. ILM Internal limiting membrane, IPL Inner plexiform layer, BM Bruch’s mem-

brane, OPL Outer plexiform layer. CSI Choroid-scleral interface.
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Fig. 3  A. Retinal and B. choroidal thickness distributions in AE, CE, and NE groups. Circular maps depict regional thickness varia-
tions across different segments of the macula. AE, amblyopia eyes; NE, Non-amblyopia eyes; CE, control eyes.

Table 2 Comparison of macular retinal thickness in amblyopic eyes, normal eyes and non-amblyopic eyes in nine regions.

Retinal region AE (n=19) CE (n =44) NE (n=19) P value
AE vs. CE NE vs. CE AE vs. NE
Fovea 321.94 + 95.66 258.7 + 18.78 289.07 + 28.29 0.047 0.003 0.406
Inner
Nasal 405.56 + 85.98 335.07 + 13.87 371.73 £ 28.32 0.013 <0.001 0.318
Superior 403.88 + 87.1 337 £13.31 371.2 £25.44 0.020 <0.001 0.344
Temporal 334.88 +90.93 321.48 + 14.98 357.13 +23.44 0.829 <0.001 0.619
Inferior 405.69 + 85.84 331 +12.87 367 +24.65 0.009 <0.001 0.223
Outer
Nasal 402 + 88.69 313.64 + 15.05 351.47 +29.96 0.003 <0.001 0.107
Superior 388 +92.19 294.82 +£13.77 332 +£23.79 0.003 <0.001 0.076
Temporal 385.63 + 74.36 276.27 £ 14.75 313.53 +19.47 <0.001 <0.001 0.004
Inferior 376.06 + 68.36 278.55 + 13.79 314.73 +21.43 <0.001 <0.001 0.008

AE, amblyopia eyes; NE, non-amblyopia eyes; CE, control eyes.

Table 3  Nine-zone comparison of macular retinal inner layer thickness in amblyopic eyes, normal eyes and non-amblyopic eyes.

Retinal region AE (n=19) CE (n=44) NE (n=19) P value
AE vs. CE NE vs. CE AE vs. NE
Fovea 307.06 4 148.25 443+ 11.4 57 +13.23 <0.001 0.009 <0.001
Inner
Nasal 309.56 + 118.99 114.91 £ 8.4 128.4 +12.39 <0.001 0.003 <0.001
Superior 303.06 & 100.2 119.73 £ 8.55 129.67 + 15.67 <0.001 0.077 <0.001
Temporal 66.5 +21.84 106.11 + 8.86 121.73 £ 11.14 <0.001 <0.001 <0.001
Inferior 128.38 +10.73 119.95 £ 7.79 134.27 +£10.23 0.024 <0.001 0.277
Outer
Nasal 129.44 +11.69 124.3 +11.32 131.47 £ 12.85 0.299 0.156 0.891
Superior 118.88 + 8.34 104.95 +£7.12 116.8 +9.73 <0.001 <0.001 0.470
Temporal 127.44 +18.02 86.91 4 8.21 101.2 £ 7.69 0.002 <0.001 <0.001
Inferior 130 + 14.6 101.64 + 8.34 113.6 + 8.53 <0.001 <0.001 0.002

AE, amblyopia eyes; NE, non-amblyopia eyes; CE, control eyes.
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Table 4 Nine-zone comparison of macular outer retinal thickness in amblyopic eyes, normal eyes and non-amblyopic eyes.
Retinal region AE (n=19) CE (n=44) NE (n=19) P value
AE vs. CE NE vs. CE AE vs. NE
Fovea 138.75 + 41.97 214.41 + 10.31 231.93 £ 18.15 <0.001 0.007 <0.001
Inner
Nasal 128.25 + 52.5 220.16 £ 7.89 243.27 +18.25 <0.001 <0.001 <0.001
Superior 137.25 + 45.92 217.27 +£7.86 241.33 +18.24 <0.001 <0.001 <0.001
Temporal 268.19 +£91.79 215.36 + 8.27 235.4 + 13.81 0.087 <0.001 0.359
Inferior 277.13 £ 83.03 211.05 £ 7.63 232.73 £ 16.01 0.016 <0.001 0.122
Outer
Nasal 272.44 + 86.41 189.34 4+ 12.26 219.93 + 19.89 0.004 <0.001 0.074
Superior 269.06 + 89.89 189.86 + 8.66 215.07 £ 16.28 0.008 <0.001 0.076
Temporal 258.19 + 66.34 189.36 + 10.84 212.13 £ 13.01 0.002 <0.001 0.038
Inferior 246.25 + 60.16 176.91 +£9.67 201.07 £ 15.79 <0.001 <0.001 0.025

AE, amblyopia eyes; NE, non-amblyopia eyes; CE, control eyes.

inner nasal, superior, temporal, inferior, and outer nasal, supe-
rior, temporal, and inferior regions. Similarly, SCP perfusion
density did not significantly differ among the groups in the cen-
tral, inner nasal, superior, temporal, inferior, and outer nasal,
superior, temporal, and inferior areas. Additionally, DCP perfu-
sion density showed no significant differences between the
groups in the central, inner nasal, superior, temporal, inferior,
and outer nasal, superior, temporal, and inferior regions.

Machine learning classification

Machine learning classification performance was evaluated
using logistic regression and random forest models to distin-
guish amblyopic, non-amblyopic, and healthy eyes based on
retinal and choroidal thickness data. Logistic regression
achieved an overall classification accuracy of 92%, with a
confusion matrix showing 100% true positive rate for healthy
eyes and amblyopic eyes, while non-amblyopic eyes were
classified with an 80% true positive rate, albeit with some
misclassifications. Cross-validation accuracy ranged from
55.56% to 89.47%, with a mean accuracy of 77%, reflecting
moderate variability across data splits. The random forest
model similarly achieved an overall accuracy of 92%, with an

improved true positive rate of 90% for non-amblyopic eyes,
alongside 88% for healthy eyes and 100% for amblyopic eyes.
Feature importance analysis highlighted retinal outer tem-
poral, outer inferior, and outer superior thickness as the
most significant contributors to classification, emphasizing
the relevance of outer retinal thickness in differentiating
amblyopic from non-amblyopic eyes. (Fig. 4, S1, Table 6)

Discussion

Currently, relevant studies have confirmed the reliability
and reproducibility of the OCTA technique,'> "> offering
valuable insights into retinal structural alterations in ambly-
opic patients for clinical applications.’® To date, however,
limited data exist on how retinal alterations evolve during
the clinical course of amblyopia. The prevalence of ambly-
opia in China is 1-3%,"” and studies have shown that about
50% of it is caused by refractive error. Although routine oph-
thalmic examinations in amblyopia often reveal no abnor-
malities, current evidence regarding retinal thickness
changes remains controversial. Retinal thickness alterations
in amblyopic eyes demonstrate type-specific patterns, with

Table 5 Comparison of choroidal thickness in macular area of amblyopic eyes, normal eyes and non-amblyopic eyes in nine
regions.
Choroidal region AE (n=19) CE (n=44) NE (n=19) P value
AE vs. CE NE vs. CE AE vs. NE
Center 386.58 + 101.07 301.78 +94.12 333.53 +91.11 0.002 0.253 0.100
Inner
Nasal 370.53 + 101.74 274.63 + 83.31 309.35 £ 93.21 <0.001 0.188 0.046
Superior 378.37 +76.09 301.03 + 74.87 333.76 + 86.69 <0.001 0.151 0.091
Temporal 375.95 + 98.01 315.63 £+ 85.89 344.82 +90.96 0.019 0.267 0.304
Inferior 368.32 + 114.48 303.78 + 85.27 335.12 + 89.38 0.016 0.254 0.294
Outer
Nasal 320.21 +93.44 229.05 + 68.1 252.12 £ 90.97 <0.001 0.324 0.013
Superior 369.26 + 77.44 305.28 +70.27 330.82 + 68.72 0.002 0.223 0.113
Temporal 350.11 +95.93 314 £ 75.77 329.88 + 88.37 0.127 0.516 0.473
Inferior 332.11 £ 99 300.35 + 76.23 307.94 + 74.92 0.170 0.751 0.381

AE, amblyopia eyes; NE, non-amblyopia eyes; CE, control eyes.
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Fig. 4 Confusion matrices for classification performance of Logistic Regression (A) and Random Forest (B) models, indicating the
accuracy of distinguishing among AE, CE, and NE groups. AE, amblyopia eyes; NE, Non-amblyopia eyes; CE, control eyes.

the most significant structural changes observed in strabis-
mic amblyopia and hyperopic anisometropic amblyopia. Age
and refractive status (e.g., myopia/hyperopia) serve as crit-
ical modulating factors in these morphological variations.'®
However, variations in methodologies have led to conflicting
findings in the literature, particularly regarding older ado-
lescents. This study addresses a critical research gap by ana-
lyzing retinal thickness across nine macular subdivisions in
older adolescents with amblyopia using OCTA. Importantly,
we integrated machine learning techniques to enhance the
classification of amblyopic, non-amblyopic, and healthy
eyes. This novel approach not only provides new insights
into the structural heterogeneity of the retina but also dem-
onstrates the potential for machine learning to supplement
traditional statistical methods in clinical research.

Our current study revealed a significant increase in reti-
nal thickness in the amblyopic eyes of older adolescents
(11—17 years old) with refractive amblyopia. These findings
align with Kavitha et al. (2019), who reported increased
macular and central concavity thickness in amblyopic eyes
among patients aged 5—18 years."® However, our study also
employed machine learning techniques, specifically a logis-
tic regression model, to classify amblyopic, non-amblyopic,
and healthy eyes. The logistic regression model achieved
92% accuracy, demonstrating its ability to effectively classify
amblyopic, non-amblyopic, and healthy eyes. This confirms
the potential of machine learning in differentiating between
amblyopic and healthy eyes based on retinal and choroidal

thickness parameters, providing a new dimension to the
analysis of OCTA data. In addition to logistic regression, the
random forest model achieved comparable accuracy of 92%.
Feature importance analysis identified the outer retinal
layers, particularly the temporal and inferior regions, as
critical predictors for amblyopia classification. These find-
ings underscore the potential of machine learning to high-
light key structural biomarkers.

As for choroidal thickness (ChT) in amblyopic patients, most
studies support the idea that ChT is thicker in amblyopic chil-
dren than in non-amblyopic patients. Hansen et al. found that
after correcting for axial length, ChT under the macular center
was still thicker in amblyopic eyes than in non-amblyopic con-
trol eyes.? Liu et al.?' suggested that the increased choroidal
thickness in amblyopia may be to supply additional blood to a
thicker retina. Our machine learning model further reinforced
this finding, demonstrating that regions of increased choroidal
thickness were strongly predictive of amblyopia. By including
choroidal thickness as a feature in our model, we were able to
improve classification performance, highlighting its importance
as a marker of amblyopia. Regions with increased choroidal
thickness were strongly predictive of amblyopia in the random
forest model, further supporting its role as a potential diagnos-
tic marker.

Although no significant differences in SCP and DCP perfu-
sion densities were observed, a decreasing trend in ambly-
opic eyes suggests the need for further investigation in
larger cohorts.

Table 6 Performance metrics of logistic regression and random forest models.
Model Group Precision Recall F1-score Support
Logistic regression 1 0.889 1 0.941 8

2 1 0.8 0.889 10

3 0.857 1 0.923 6
Random forest 1 0.875 0.875 0.875 8

2 1 0.9 0.947 10

3 0.857 1 0.923 6

Models for classifying AE, CE, and NE groups, including pecision, recall, F1-score, and support for each group.

AE, amblyopia eyes; NE, non-amblyopia eyes; CE, control eyes.
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Despite its promising findings, this study has limitations.
First, the small sample size may have affected the generaliz-
ability of our findings, particularly regarding retinal blood per-
fusion. Second, individual eye axial length was not accounted
for when analyzing OCTA images, which may have introduced
magnification errors. Lastly, the study’s cross-sectional design
restricts the ability to assess dynamic changes in retinal and
choroidal structures over time. Future research should priori-
tize multi-center studies with larger cohorts, incorporate axial
length measurements, and include longitudinal follow-up to
better understand the progression and potential reversibility
of structural changes in amblyopia.

In conclusion, our findings suggest that machine learning
techniques, when combined with OCTA-based retinal and cho-
roidal structural data, hold promise for enhancing the classifi-
cation and understanding of amblyopia. While these results
underscore the potential of automated diagnostic tools in clin-
ical practice, further studies are needed to validate these
findings across larger, more diverse cohorts. Additionally,
exploring whether machine learning-identified structural
changes could guide targeted interventions may provide new
avenues for personalized amblyopia management.

Supplementary material 1. Feature importance ranking
derived from the Random Forest model for distinguishing
AE, CE, and NE groups. The top features include retinal and
choroidal thickness in various regions. AE amblyopia eyes,
NE Non-amblyopia eyes, CE control eyes.
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