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ABSTRACT

Background: To determine whether axial length- related magnification correction in optical coherence tomography angiogra-

phy (OCTA) improves machine learning classification of high myopia and resolves inconsistencies in the values and discrimina-

tory power of OCTA microvascular metrics.

Methods: We analysed retinal OCTA images from a prior Hong Kong Polytechnic University study. Fourteen superficial vas-

cular plexus metrics were extracted before and after magnification correction and used to train random forest (RF) models to 

classify high versus non- high myopia. Outcomes included classifier performance (the area under the receiver operating charac-

teristic curve (AUC), sensitivity, specificity and feature importance) and changes in OCTA metrics between groups before and 

after correction.

Results: Image magnification correction significantly improved the classification of high versus non- high myopia. When all 

14 features were used to train the model, the AUC increased from 0.77 (fair) to 0.88 (good), and when restricted to the top five 

features (fractal dimension (Df), vessel length density (VLD), branchpoint density (BD), parafoveal rim VLD, and vessel area 

density (VAD)), similarly, from 0.79 to 0.88.

Conclusions: OCTA image magnification correction improves RF classification of high myopia and clarifies inconsisten-

cies across studies. Underreported metrics, fractal dimension, parafoveal rim VLD and BD, emerged as key discriminators. 

Magnification correction with ML may improve characterisation of myopia- related microvascular changes and enhance diagnos-

tic precision, warranting further study.
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1   |   Introduction

High myopia affects hundreds of millions of people worldwide 
and can cause irreversible vision loss due to progressive retinal 
and choroidal degeneration [1, 2]. As global prevalence contin-
ues to rise, especially among East Asian populations, there is a 
growing emphasis on developing effective diagnostic and treat-
ment options [3, 4]. Given that high myopia can lead to progres-
sive vision loss through degenerative and vascular alterations 
in the retina and choroid [5], understanding the relationship 
between pathological changes and perfusion is essential for 
improving disease detection and management. The blood flow 
monitoring techniques laser Doppler velocimetry and colour 
Doppler ultrasonography have been used in studies that have 
shown reduced retinal and choroidal blood flow in high myopia 
[6]. However, these techniques lack the resolution, depth dis-
crimination and tissue contrast needed to accurately visualise 
the retinal microvasculature [6].

Optical coherence tomography angiography (OCTA) provides a 
non- invasive, high- resolution view of the retinal and choroidal 
microvasculature, enabling layer- specific assessment of micro-
vascular characteristics, including commonly used metrics such 
as vessel area density (VAD) and vessel length density (VLD), 
as well as foveal avascular zone (FAZ) characteristics [7–9]. 
Collectively, these and other metrics, including fractal dimen-
sion (Df), average of vessel diameter, average of vessel tortuosity 
(VT) and branchpoint density (BD), provide a comprehensive 
characterisation of retinal microvasculature. However, findings 
from OCTA studies in myopia remain inconsistent, with con-
flicting reports on VAD, VLD and foveal avascular zone area 
(FAZ- A) in superficial and deep vascular plexuses [10–38]. 
These discrepancies may stem from varying subject character-
istics, myopia definitions (spherical equivalent (SE) vs. axial 
length (AL)), different sample sizes and whether OCTA image 
magnification error correction due to AL variations was applied 
[8, 39]. Despite strong evidence [40, 41] and international con-
sensus recommending magnification error correction [42], 60% 
of the published studies reviewed for this article have not ap-
plied it, undermining the accuracy, comparability and clinical 
interpretability of reported microvascular metrics. In addition, 
while traditional statistical analyses applied in published papers 
have contributed to our understanding of retinal changes in high 
myopia, they may not fully capture the complex relationships 
between quantitative microvascular metrics and disease [43]. 
Machine learning (ML) methods can leverage high- dimensional 
data to identify subtle patterns that conventional approaches 
cannot detect, thereby supporting the generation of new knowl-
edge and ultimately enhancing diagnostic and prognostic ca-
pabilities in clinical decision- making [43, 44]. ML research is a 
major driver of innovation and is already being rapidly adopted 
across ophthalmology [45]. In particular, the random forest (RF) 
model is attractive due to its capability to effectively capture in-
tricate relationships within the input data and ability to tackle 
challenges associated with limited sample sizes without the risk 
of overfitting [43].

This study builds upon our previous publication in which 
we established the theoretical and empirical basis for OCTA 
image size correction based on AL assessment [40]. However, 
we did not assess how failing to apply this correction affects 

disease- classification model performance, as we now study 
herein. We hypothesise that correcting for image magnification 
error due to AL variations improves the accuracy and reliability 
of microvascular measurements and the downstream perfor-
mance of classification models. Our primary aim is to assess 
improvement in classification accuracy when magnification 
error correction is implemented; the secondary aim is to exam-
ine how correction affects the values and discriminatory power 
of microvascular metrics, thereby seeking to address ongoing 
inconsistencies in the OCTA- myopia literature [5, 6]. Together, 
these analyses support the broader claim that image magnifica-
tion error correction via AL assessment is not only a technical 
refinement but also a necessary preprocessing step for both the 
extraction of valid microvascular metrics and their use as fea-
tures in robust ML models [42]. As ML models are increasingly 
applied to large, multi- site OCTA datasets, accurate and stan-
dardised input features become essential. Well- characterised 
OCTA- derived metrics help minimise bias and ensure reliable 
model performance, critical for advancing data- driven insights 
and improving patient outcomes in the era of open science and 
data sharing [8].

2   |   Methods

2.1   |   Study Participants

This study utilised retinal images from a prior study under-
taken at the Optometry Research Clinic, School of Optometry, 
Hong Kong Polytechnic University, Hong Kong, China. Written 
informed consent, explaining the study procedures and poten-
tial risks, was obtained from all subjects. The study was ap-
proved by the University Ethics Committee (reference numbers 
HSEARS20170414001 and HSEARS20210122008). Subjects 
with any of the following conditions were excluded: systemic 
or ocular diseases that might affect ocular blood circulation; 
glaucomatous visual field defects; media opacities; history of 
ocular surgery or injury; best- corrected distance visual acu-
ity measured in logarithm of minimum angle of resolution 
(logMAR) < 0.00; abnormal intraocular pressure > 21 mmHg; 
anisometropia (2.50 Dioptres [D] or above) and a history of 
smoking [46]. All subjects were asked to avoid alcohol and caf-
feine intake for 12 h before eye examination to minimise any 
disturbance to ocular circulation. A preliminary optometric ex-
amination was conducted to confirm the subject's eligibility and 
collect demographic data, including subjective refraction and 
best- corrected distance visual acuity. All participants underwent 
ophthalmic examination, including ocular biometry (IOL 500 
Master; Carl Zeiss Meditec Inc., Jena, Germany) and autorefrac-
tion (Ryusyo Industrial Co. Ltd., Osaka, Japan). Subjects with 
extremely high myopia (spherical equivalent (SE) more myopic 
than −9.00 D) were additionally screened by static Humphrey 
Field Analyser (Carl Zeiss AG, Oberkochen, Germany) using the 
24–2 fast Swedish Interactive Testing Algorithm to rule out vi-
sual field defects. A 3 × 3- mm macular OCTA scan was obtained 
with the Cirrus 5000 HD- OCT (Carl Zeiss AG, Oberkochen, 
Germany). The predefined standard AL for the Cirrus HD- OCT 
is 24.46 mm [47]. One eye from each subject was randomly se-
lected and imaged. Image acquisition was conducted under nat-
ural pupil diameter, unless the area of interest was restricted 
by a small pupil size. In such cases, Mydrin- P (phenylephrine 
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hydrochloride 0.5% + tropicamide 0.5%; Santen Pharmaceutical 
Co. Ltd., Osaka, Japan) was used for dilation.

2.2   |   OCTA Image Analysis

En- face OCTA images of the superficial vascular plexus (SVP) 
were obtained, and the Cirrus default SVP segmentation bound-
aries were applied. The instrument upper boundary is defined by 
the internal limiting membrane (ILM) and the lower boundary as 
ILM + 70% × the thickness between ILM and the outer plexiform 
layer (OPL) [47]. Images with motion artefacts, low signal strength, 
blur or poor centration were excluded using automated screening 
and visual inspection (DMS). Image analysis was performed using 
OCTAVA, an open- source tool developed by our group [47, 48]. 
Images were analysed twice: (1) assuming a nominal scan size 
of 3 × 3 mm (before correction) and (2) using Littman–Bennett- 
corrected scan dimensions (after correction) (Figure  1) [40, 49]. 
Before correction, all images were cropped to 2.8 × 2.8 mm and 
standardised to 1000 × 1000 pixels. After correction, images 
were first rescaled to their corrected dimensions, then cropped 
to 2.8 × 2.8 mm and standardised to 1000 × 1000 pixels. The 2.8- 
mm crop was chosen for all cases because it corresponded to the 
smallest corrected scan size in the dataset. All images were bina-
rised using fuzzy means and a Frangi filter (kernel: 1–4 pixels). 
Skeletonisation applied an 8- pixel twig size. The FAZ was manu-
ally segmented from the uncorrected images, and the same con-
tour was then applied to the corrected images.

Microvascular metrics were extracted from the full image area, the 
foveal circle (1.0- mm diameter circle that includes the FAZ) and 
the parafoveal rim (0.8- mm annulus around the foveal circle). No 
median filter was applied. The metrics extracted were: VAD, VLD, 
average of vessel diameter, BD, Df, average of VT and the FAZ met-
rics: FAZ- area (FAZ- A); FAZ- perimeter (FAZ- P); FAZ- circularity 
(FAZ- C) and VAD around FAZ (FD- 300, i.e., vessel density in a 
300- μm diameter ring around the FAZ). Df was calculated using 
a powers- of- 2 box- size range (from 4 to 512 pixels). The definition 
of these metrics can be found elsewhere [8, 47]. Overall, 14 metrics 
were extracted and used as features in the RF classification task.

2.3   |   Statistical Analysis

OCTA- derived metrics were statistically evaluated using IBM- 
SPSS (v26.0; IBM, Armonk, NY, USA), reporting mean and stan-
dard deviation (SD) over the subject group for each metric. Data 
distributions were assessed with the Shapiro–Wilk test. Paired 
t- tests compared corrected versus uncorrected images within 
groups, while unpaired t- tests compared metrics between 
groups. Statistical significance was initially defined as p < 0.05 
(two- tailed). To account for multiple comparisons across the 14 
OCTA- derived metrics, a Holm–Bonferroni correction was ap-
plied, resulting in an adjusted significance threshold. Both un-
adjusted and Holm–Bonferroni- adjusted p- values are reported 
where appropriate. Cohen's d was used to evaluate the effect size 
between groups [50–52].

FIGURE 1    |    Illustration of the image analysis workflow shows how OCTA image magnification error correction affects microvascular and FAZ 

metrics in a subject with a long AL (29.83 mm), exceeding the device's predefined standard axial length value of 24.46 mm. Before correction, the 

image is assumed to be 3 × 3 mm; after correction, the true size is 3.7 × 3.7 mm. The yellow circle and yellow/pink annulus define the foveal circle and 

parafoveal- rim, respectively.
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We trained and tested RF models for classification tasks. 
Our methods are based on the approach described by Ahmed 
et al. [43], with the modification that we retained all micro-
vascular and FAZ metrics as features in the initial RF model 
training and re- ranked feature (i.e., metric) importance, 
considering collinearity between the features based on the 
modified informative position (MIP) index [53]. The follow-
ing conditions were studied: (i) non- high myopia versus high 
myopia (no magnification error correction) and (ii) non- high 
myopia versus high myopia (image magnification error cor-
rection applied). Stratified fivefold cross- validation was used 
to train and validate each RF model [54]. Out- of- fold (OOF) 
predictions for each trained model were aggregated to esti-
mate uncertainty of classifier performance. RF classifier per-
formance was reported with sensitivity, specificity and area 
under the receiver operating characteristic curve, abbrevi-
ated as area under the curve (AUC). AUC is widely used to 
evaluate classifier performance for binary classification tasks 
in which the classes are expected to be balanced [55]. The 
AUC is categorised as fail [0.50–0.60), poor [0.60–0.70), fair 
[0.70–0.80), good [0.80–0.90) or excellent [0.90–1.00] [56–59]. 
In the preceding, a square bracket indicates that the endpoint 
is included in the range, whereas a parenthesis indicates that 
the endpoint is excluded from the range. Generally, an AUC of 
at least 0.80 is considered acceptable [59]. Sensitivity and spec-
ificity are measures used to evaluate how well a screening/
diagnostic method performs [60]. Sensitivity is the ability of 
a test to correctly identify people with the disease. Specificity 
is the ability of a test to correctly identify people who do not 
have the disease. In diagnostic accuracy studies, sensitivity 
and specificity values are often considered: unacceptable if 
less than 0.80, acceptable [0.80–0.89] or excellent [0.90–1.00] 
[60]. However, there is often a trade- off between sensitivity 
and specificity. In general, high sensitivity is more important 
for screening, whereas high specificity is more important for 
diagnosis [60].

OOF predictions were bootstrapped to compute 95% confi-
dence intervals (95% CI) of the performance feature for each 
model and the change in AUC (ΔAUC) across bootstraps. The 
95% CI of the ΔAUC was used to test the null hypotheses that 
models trained with and without AL correction are equiva-
lent. The bootstrap p- value is evaluated using the distribution 

of ΔAUC as the reference distribution. Therefore, the p- value 
is equivalent to the fraction of bootstraps in which ΔAUC is 
less than zero [61]. An alpha value of 0.05 was used to evaluate 
statistical significance. Shapely Additive exPlanation (SHAP) 
values were calculated to describe the importance of each 
feature used for prediction in the RF classifier, generating a 
feature importance ranking [53]. SHAP assumes feature in-
dependence, however, many of the OCTA- derived metrics are 
not independent. Therefore, SHAP rankings were re- ordered 
using the MIP index, which further probes feature importance 
by iteratively removing the most important feature, retrain-
ing and summing importance across iterations [53, 62]. This 
ensures that OCTA features were ranked based on their con-
tribution to the final prediction, regardless of collinearity be-
tween the metrics.

3   |   Results

3.1   |   Study Participants

One hundred and eighteen healthy young subjects aged between 
18 and 40 years were recruited, including 51 with high myopia 
and 67 non- high myopes. Eight subjects were excluded from the 
analysis because of poor image quality, a decentred FAZ or an 
AL that, after correction, resulted in an image size of less than 
2.8 mm. The non- high myopia group was defined as having a 
spherical equivalent less myopic than −6.00 D, while the high 
myopia group was defined as having a spherical equivalent 
equal to or more myopic than −6.00 D. The demographics and 
clinical characteristics of participants selected for this study are 
shown in Table 1.

3.2   |   OCTA- Derived Quantitative Metrics

The SVP microvascular and FAZ metrics delivered by OCTAVA 
for OCTA images, uncorrected and corrected for magnification 
error, are summarised in Table  2. Significant differences in 
microvascular metrics were observed between study groups in 
both corrected and uncorrected OCTA images. Notably, the av-
erage of vessel diameter differed significantly between non- high 
and high myopia groups before correction but lost significance 

TABLE 1    |    Participant demographic data and summary of ocular biometry.

Parameters Non- high myopia High myopia

Number of participants 60 50

Number of eyes 60 50

Eyes (right:left) 32:28 27:23

Mean age (years) (standard deviation (SD), range) 25 (5, 18–40) 26 (6, 18–40)

Sex (male:female) 28:32 15:35

Mean axial length (mm) (SD, range) 24.72
(1.01, 22.94–27.51)

27.33
(1.45, 24.63–31.28)

Mean spherical equivalent (D) (SD, range) −2.63
(1.91, −5.8 to +0.63)

−8.86
(2.23, −15.4 to −6.00)
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after correction. The reversal trend occurred for FAZ- A, FAZ- P, 
foveal circle VAD and foveal circle VLD, though statistical sig-
nificance varied by correction status.

Significant differences between uncorrected and corrected im-
ages were observed in most metrics within the high- myopia 
eyes (Table S1). There were no significant differences within the 
non- high- myopia study groups uncorrected versus corrected im-
ages. Generally, the effect size, measured by Cohen's d, between 
non- high and high myopic eyes was stronger after correction. Of 
note, corrected VLD, BD and parafoveal rim VLD showed the 
strongest effects with d = 1.6 (Table S2).

3.3   |   Disease Classification

Applying image magnification error correction before feature 
extraction with OCTAVA significantly improved classification 
performance for non- high myopia versus high myopia. Using 
all 14 features, AUC increased from 0.77 (fair) to 0.88 (good) 
and using the top five features, from 0.79 (fair) to 0.88 (good) 

(Tables  3 and S3). Models with five features showed similar 
sensitivity and specificity to the model based on all 14 features 
(Table 3). BD, VLD, parafoveal rim VLD and VAD were consis-
tently among the top 5 discriminative microvascular features for 
both classification tasks (Table 4). FAZ- related features did not 
significantly contribute to the classifier's performance.

4   |   Discussion

In this cross- sectional study, we evaluated whether correct-
ing  AL- induced magnification errors in OCTA improves RF 
classification of high myopia and clarifies inconsistencies 
in the reported values and discriminatory power of OCTA- 
derived microvascular metrics. The non- parametric RF 
method does not rely on linear assumptions between features 
and is better suited to capturing nonlinear patterns and inter-
actions among features. Previous studies have shown that RF 
improves automated disease classification in diabetic retinop-
athy, leading to better discrimination than traditional linear 
models [43].

TABLE 2    |    Quantitative microvascular and foveal avascular zone metrics for images uncorrected and corrected for magnification error.

OCTA- 

derived 

metrics

Images uncorrected for axial length before 

assessment; values reported as mean (SD)

Images corrected for axial length before 

assessment; values reported as mean (SD)

NHM HM Dif. p- value p* NHM HM Dif. p p*

VAD 36.4 (2.2) 33.9 (2.8) −2.5 < 0.001 < 0.001 36.2 (2.4) 32.4 (3.4) −3.8 < 0.001 < 0.001

VLD 21.2 (1.4) 19.7 (1.7) −1.5 < 0.001 < 0.001 21.0 (1.7) 18.1 (2.0) −2.9 < 0.001 < 0.001

Average 
of vessel 
diameter

17.9 (0.6) 17.2 (0.6) −0.7 < 0.001 < 0.001 17.9 (0.5) 17.8 (0.6) −0.1 0.362 0.724

BD 5.85 (0.77) 4.93 (0.73) −0.93 < 0.001 < 0.001 5.82 (0.84) 4.56 (0.78) −1.26 < 0.001 < 0.001

Df 1.77 (0.01) 1.76 (0.02) −0.01 < 0.001 < 0.001 1.77 (0.02) 1.74 (0.03) −0.03 < 0.001 < 0.001

Average of 
VT

1.19 (0.01) 1.19 (0.01) +0.00 0.056 0.281 1.19 (0.01) 1.19 (0.01) +0.00 0.058 0.288

FAZ- A 0.25 (0.10) 0.22 (0.09) −0.03 0.047 0.279 0.26 (0.10) 0.28 (0.12) +0.02 0.376 0.376

FAZ- C 0.73 (0.13) 0.69 (0.16) −0.04 0.246 0.99 0.73 (0.13) 0.69 (0.16) −0.04 0.215 0.644

FAZ- P 2.06 (0.44) 2.01 (0.80) −0.05 0.662 > 0.99 2.08 (0.43) 2.28 (1.00) +0.20 0.196 0.785

FD- 300 36.5 (2.6) 33.8 (3.4) −2.7 < 0.001 < 0.001 36.4 (2.8) 32.2 (4.0) −4.2 < 0.001 < 0.001

Foveal 
circle VAD

19.4 (4.5) 19.6 (4.4) +0.2 0.799 > 0.99 19.0 (4.4) 16.1 (4.8) −2.9 0.001 0.003

Foveal 
circle VLD

11.6 (2.6) 11.9 (2.7) +0.3 0.575 > 0.99 11.3 (2.6) 9.4 (2.9) −1.9 < 0.001 < 0.001

Parafoveal 
rim VAD

37.5 (2.4) 34.7 (3.0) −2.8 < 0.001 < 0.001 37.4 (2.6) 33.3 (3.6) −4.1 < 0.001 < 0.001

Parafoveal 
rim VLD

22.0 (1.5) 20.3 (1.7) −1.7 < 0.001 < 0.001 21.9 (1.7) 18.8 (2.1) −3.1 < 0.001 < 0.001

Note: Highlighted in green, microvascular features where the between- group difference reversed direction and gained significance; orange, direction unchanged, 
significance lost; significant p- values (< 0.05) are bolded.
Abbreviations: average of VT, average of vessel tortuosity [1]; BD, branchpoint density (nodes/mm); Df, fractal dimension [1]; Dif., difference; FAZ- A, foveal avascular 
zone area (mm2); FAZ- C, foveal avascular zone circularity (%); FAZ- P, foveal avascular zone perimeter (mm); FD- 300, vessel density within 300- μm width rim 
surrounding the FAZ (%); foveal circle, parafoveal rim, unit of 1 indicates dimensionless; HM, high- myopia; NHM, non- high- myopia; p, unadjusted p- value; VAD, 
vessel area density (%); VLD, vessel length density (mm−1), average of vessel diameter (μm).
*p, Holm–Bonferroni adjusted p- value.
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We showed that correcting for image magnification error be-
tween non–high-  and high- myopia groups significantly im-
proved RF classification performance. A model incorporating 
five key features achieved similar sensitivity and specificity, 
suggesting that these features efficiently capture the relation-
ship between non- high- myopia and high- myopia groups while 
reducing computational time [63, 64]. Consistent with this, 
Cohen's d values (Table  S2) indicated that the five selected 
features (Table 4) exhibited the largest effect sizes (≥ 1.3), sug-
gesting that effect- size measures can effectively guide feature 
prioritisation for RF- based classification.

The RF model identified fractal dimension (Df), VLD, BD, 
parafoveal rim VLD and VAD as the five most influential 
features for high- myopia classification. Notably, Df, BD and 
parafoveal VLD are relatively underreported in the literature; 
however, their prominence in the model suggests that, after 
correction for axial length, they may capture microvascular 
alterations not fully characterised to date. These findings indi-
cate that further investigation of these features in large cohorts 
may provide additional insight into microvascular changes 
across different stages of myopia. This is particularly import-
ant because, despite numerous studies investigating myopia- 
related vascular changes, it remains unclear whether and how 
the ocular blood supply is affected by myopia- induced eyeball 
elongation, given the contradictory evidence [5].

In this study, we showed that applying the correction altered 
intergroup differences in OCTA metrics, helping to clarify in-
consistencies reported in prior studies. Such differences are 
expected, as the true size of the fundus image is dependent 
on the combined magnification of the imaging device and the 
eye [39]. Commercial OCTA instruments provide retinal scan 
areas in mm2 units. The lateral scale is obtained by calculat-
ing the curvilinear distance on the surface subtended by the 
fixed angular field of view using a ‘standard’ AL predefined 
independently by each instrument maker. Since the AL is pre-
defined, it does not account for the differences in AL between 
subjects [40, 41, 65]. To ensure accurate quantitative analysis, 
images should be corrected for lateral magnification based 
on the actual AL of each eye. That said, image magnification 
error correction is not required for longitudinal monitoring of 
individuals [65] or for other instances in which no significant 
change in AL is expected. It is also worth noting that some 
OCTA- derived metrics are not impacted by AL, including 
FAZ- C and Df [66]. Despite growing awareness, 60% of studies 
published after 2023 and reviewed for this article did not apply 
magnification error correction, raising concerns about the 
accuracy, comparability and contribution to conflicting find-
ings in the literature. Some studies report reduced SVP VAD 
[10–24], VLD [16, 19, 25, 26] and enlarged FAZ- A [15, 27–31], 
while others find no significant differences compared to em-
metropes or low myopes [26, 32–37]. Discrepancies between 

TABLE 3    |    Mean area under the receiver operating characteristic curve (AUC) for tested classification tasks.

Classification task Image scaling AUC Sensitivity Specificity

Based on all 14 features

Non- high myopia versus high myopia Uncorrected 0.77 (0.75–0.79) 0.68 (0.65–0.71) 0.72 (0.70–0.75)

Corrected 0.88 (0.87–0.90) 0.77 (0.75–0.80) 0.82 (0.80–0.85)

Mean ΔAUC: 0.14 (0.08–0.20), p < 0.001

Based on top 5 features in each model

Non- high myopia versus high myopia Uncorrected 0.79 (0.77–0.81) 0.68 (0.66–0.71) 0.72 (0.70–0.75)

Corrected 0.88 (0.87–0.89) 0.79 (0.76–0.81) 0.84 (0.82–0.86)

Mean ΔAUC: 0.11 (0.06–0.17), p < 0.001

Note: AUC can be categorised as fail [0.5–0.6), poor [0.6–0.7), fair [0.70–0.80), good [0.80–0.90) or excellent [0.90–1.0]. In diagnostic accuracy studies, sensitivity and 
specificity values are often considered: unacceptable if less than 0.80, acceptable [0.80–0.89] or excellent [0.90–1.00] [60]. ΔAUC, the change in AUC between models.

TABLE 4    |    Feature importance ranking: features were derived from SVP OCTA images prior to (left) or after (right) magnification error correction 

and used as inputs to train an RF classification algorithm for the task listed.

Uncorrected OCTA images Corrected OCTA images

Feature Rankinga Feature Ranking

Non- high myopia versus high 
myopia

Average of vessel diameter (μm) 1 Fractal dimension [1] 1

BD (nodes/mm) 2 VLD (mm−1) 2

VLD (mm−1) 3 BD (nodes/mm) 3

Parafoveal rim VLD (mm−1) 4 Parafoveal rim VLD (mm−1) 4

VAD (%) 5 VAD (%) 5

Note: A consistent colour scheme is employed to denote identical features in both groups to enhance data visibility and comparability.
Abbreviations: BD, branchpoint density; VAD, vessel area density; VLD, vessel length density.
aRanking based on methods described in [53].
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studies of the deep capillary plexus (DCP) are also found in 
the literature [11–13, 16, 33, 34, 38].

Our study found that high myopes exhibited significantly lower 
SVP VAD, VLD, BD and Df, regardless of correction. VAD, VLD, 
BD, Df, parafoveal rim VAD and parafoveal rim VLD showed 
increased discriminatory power after correction (Table S2). Our 
observed VAD and Df reductions in high myopes were also pre-
viously reported in OCTA studies [24, 37].

Regarding foveal circle VAD, Meng et  al., who did not apply 
correction, found no differences between groups, aligning with 
our statistically insignificant uncorrected results [20]. However, 
after correction, we observed statistically significant foveal cir-
cle VAD changes. The mean difference in FAZ- A and FAZ- P 
(high myopes versus non- high myopes) shifted from negative 
to positive. FAZ- A differences were significant before correc-
tion, but were no longer significant after Holm- Bonferroni ad-
justment or AL correction, consistent with prior studies that 
applied and reported correction [15, 27–29, 31]. This finding 
also aligns with the broader literature, which indicates that 
FAZ size and shape can vary considerably across individuals 
[67, 68]. Ours and others' observed altered direction, magnitude 
and significance of OCTA- derived metrics due to magnifica-
tion error correction strongly indicate that uncorrected com-
parisons are biased and misleading. Reversals in the direction 
of effect suggest that some previously reported microvascular 
changes may reflect imaging artefacts rather than true physio-
logical differences.

The SVP average of vessel diameter for high myopes versus 
non- high myopes decreased in magnitude and lost significance 
after correction. This finding is consistent with a previous 
study using fundus photography, which reported a decrease or 
no change in vessel diameter with increasing myopia in aver-
age retinal arteriolar (~110 μm) and venular vessel diameter 
(~165 μm) [69]. Fundus photography- based studies reporting a 
significant decrease did not account for ocular magnification; 
therefore, the reported association may have been attributable 
to this omission [70, 71]. Yii et al. [72], Cheung et al. [73] and 
Wong et al. [69] all reported that the significant negative asso-
ciation between vessel diameter and myopia disappeared after 
correction for magnification error. Wong et al. showed that the 
correction had minimal effect on vessel diameter in emmetropic 
eyes (193.2–192.5 μm) but altered measurements in high myopia 
(162.5–190.1 μm), findings that align with our study.

Our study has several important limitations. First, it is a small 
cross- sectional design; a longitudinal, large- cohort design would 
provide a better understanding of how microvascular changes 
evolve with increasing myopia and high myopia. Eyes with ad-
vanced myopic pathology, such as severe myopic degeneration 
or macular complications, were not included due to limited 
cohort size and the fact that many highly myopic patients with 
advanced changes had already undergone treatment. We also 
did not evaluate the DCP, even though it may play a role in mi-
crovascular alterations associated with myopic progression. The 
imaging field was restricted to the macular region, excluding 
the assessment of peripheral retinal changes. Finally, because 
the Littmann- Bennett correction incorporates each partici-
pant's AL, the resulting OCTA metrics are partially dependent 

on AL. Given the strong association between AL and high my-
opia, some of the predictive performance may reflect AL- related 
scaling effects rather than exclusively capturing disease- specific 
microvascular alterations. Future studies should consider addi-
tional analyses that control for AL or include AL as a separate 
covariate. This would help clarify the extent to which model per-
formance is driven by disease- specific microvascular features 
rather than AL- related information that may be implicity em-
bedded in OCTA features following magnification correction.

4.1   |   Conclusions

In this cross- sectional study, we show that using individual AL 
to correct for image magnification error significantly improves 
classification between non- high and high myopia based on 
a RF ML model. Features such as fractal dimension (Df), BD, 
parafoveal rim VLD, infrequently reported in the literature, 
emerged among the top five discriminators, highlighting the 
potential of ML to reveal unexpected new informative micro-
vascular changes. Additionally, magnification error correction 
altered the direction of change, strength, and/or statistical sig-
nificance of some OCTA- derived metrics, underscoring its im-
portance in accurately assessing retinal microvascular changes 
across myopia stages. With the growing use of large, multi- site 
OCTA datasets for classification tasks and evidence presented 
here and elsewhere that magnification error correction can im-
prove the accuracy of microvascular features and can maintain 
or enhance model performance, we recommend applying image 
magnification error correction in OCTA- based analyses, as well 
as applying ML for probing the nonlinear relationships between 
microvascular features. If correction is not feasible, it should be 
clearly stated as a study limitation.
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Random forest model hyperparameter tuning. 
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