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Background: High myopia (HM) is strongly linked to emotional disorders like anxiety and depression. While prior neuroimaging
findings in HM are varied, the role of the amygdala—the brain’s core emotion center—remains critically under-explored. Given
evidence of limbic system changes in other ophthalmic disorders (eg, glaucoma), we investigated amygdala-specific functional
connectivity (FC) in HM.

Methods: We acquired resting-state fMRI data from 82 HM patients and 59 healthy controls (HCs). Using a seed-based approach
with the bilateral amygdalae, whole-brain FC was compared between groups. A support vector machine (SVM) then evaluated the
classification power of the identified FC alterations.

Results: Compared to HCs, HM patients showed significantly increased FC between the amygdala and key regions in the visual,
default mode, and executive control networks, including the calcarine fissure, precuneus, and middle frontal gyrus. SVM models
achieved robust classification performance, with an area under the curve (AUC) up to 0.765.

Conclusion: This study provides the first report on amygdala-centric network reorganization in HM. These FC patterns show
potential as neuroimaging biomarkers. Our findings offer preliminary evidence for a neural substrate underlying the emotional and
cognitive dysregulation in HM, highlighting the need to address mental health in these patients.

Keywords: high myopia, amygdala, functional connectivity, resting-state functional magnetic resonance imaging, support vector
machine, machine learning

Introduction
Myopia, the world’s most common eye abnormality and a common cause of vision loss, is a global disease that places
a tremendous burden on society, with an estimated 1.406 billion people worldwide suffering from myopia, or 22.9% of the
population.” High myopia (HM), compared with regular myopia, is associated with an increased likelihood of ocular
complications such as macular hemorrhage, retinal detachment, and choroidal neovascularization (CNV), potentially resulting
in visual impairment.”~* This ophthalmic disorder now demonstrates unprecedented demographic expansion, as evidenced by
statistical models forecasting 5 billion global cases of HM before mid-century,” and has therefore become a global public
health problem of increasing concern. It is worth noting that HM has been widely noticed by scholars because it leads to high
mood swings in patients and makes them susceptible to anxiety and depression.,”’ In addition, the amygdala is often
considered the physical organ that produces depression, anxiety, fear, and other emotions in humans.®’

As a key modulator of neurocognitive functions, the amygdala—an almond-shaped nuclear complex situated in the
medial temporal lobe—orchestrates emotional processing, attentional mechanisms, mnemonic encoding, and cross-modal

sensory coordination.'® Its integrity is closely linked to mental health; for instance, magnetic resonance imaging studies
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have consistently associated depressive states with volumetric reductions in the amygdala.'' This is particularly relevant
as patients with high myopia (HM) frequently report a higher burden of depressive and anxiety symptoms.12 This clinical
overlap strongly suggests that the amygdala may be a critical neuroanatomical substrate underlying the emotional
dysregulation in HM. The rationale for focusing specifically on the amygdala in high myopia is substantially strength-
ened by convergent evidence from other ophthalmic disorders, which identifies this structure as a key site of vulnerability
beyond the visual pathway. For instance, neuroimaging studies in glaucoma have documented direct structural con-
sequences, revealing significant atrophy in the left amygdala of affected patients.'®> This link extends beyond gross
structural changes to encompass functional integrity; research on patients with a genetic form of macular dystrophy has
uncovered impairments in cognitive processes heavily modulated by the amygdala, such as emotional learning and
memory consolidation.'* Crucially, these functional deficits were observed even when other limbic structures like the
hippocampus appeared structurally intact, highlighting the necessity of investigating brain function, not just structure.
Taken together, this body of evidence—spanning both structural and functional domains—firmly establishes the
amygdala as a critical node susceptible to pathology in chronic eye diseases. This makes it imperative to clarify how
the functional connectivity of the amygdala is altered in high myopia, an area that, until now, has remained unexplored.
Therefore, we intend to investigate the link between HM and the amygdala.

In addition, dHb is paramagnetic, and water molecules in partially deoxygenated blood undergo a more pronounced
dephasing phenomenon, resulting in a weakening of the T2-weighted image of venous blood and dHb-containing tissues,
which is reflected as a weakening of the fMRI signal, which is called the blood oxygen level dependent (BOLD) effect.'>"”
Utilizing the BOLD signal, functional magnetic resonance imaging (fMRI) enables non-task-based assessment of neurological
activity, providing millimeter-scale visualization of dynamic structural and functional changes through non-invasive
methodology.'® ' When the brain performs tasks, active regions consume oxygen to maintain function, which causes an
increase in local dHb levels. When fMRI studies are performed, positively activated brain regions are thus reflected as enhanced
fMRI signals. Therefore, when performing fMRI studies, positively activated brain regions are reflected as enhanced fMRI
signals.”>** Functional connectivity (FC) analysis is among the various analytical approaches employed in resting-state
functional magnetic resonance imaging (rs-fMRI) research, which refers to the temporal dependency of spontaneous neuronal
activity between anatomically separated different brain regions, which does not take into account the directionality or causality
between the brain regions, and is a kind of directionless connectivity.”**> Rs-fMRI holds substantial promise for elucidating the
brain’s functional architecture.?® Prior to this, Wei et al found that hippocampal functional connectivity (FC) was impaired in
patients with HM, indicating that individuals with HM could exhibit impairments affecting affective-cognitive coordination,
ocular regulatory mechanisms, along with integrative sensory functions.”” Huang et al demonstrated altered amplitude of low-
frequency fluctuations (ALFF) in discrete neuroanatomical regions among individuals with HM which may indicate changes in
language comprehension and attentional control deficits in HM patients.?® Cheng et al found that the comparison of DC values
between HM and LM could reflect the different changes in the two brain regions, suggesting that differential neurophysiological
mechanisms underlying HM compared to LM.** Currently, despite extensive research on brain changes in HM, changes in the
subamygdala in HM are not yet known, and there is still a lack of evidence for this, so more research is needed from us.

Machine learning (ML), a core branch of artificial intelligence, enables computers to autonomously learn and
optimize performance from massive datasets without relying on explicit programming. At its essence, ML involves
constructing algorithmic models capable of deciphering inherent patterns in data, thereby achieving accurate predictions
and intelligent decision-making for specific tasks.***' Among various ML approaches, Support Vector Machine (SVM)
implements automated classification by maximizing the margin of separation hyperplanes (support vectors), demonstrat-
ing exceptional performance in classification tasks due to its high sensitivity to subtle patterns within complex
datasets.>* % Previous research has demonstrated SVM’s remarkable advantages in ophthalmic disease classification.
For instance, this technique has been successfully applied to automated identification of diabetic retinopathy (DR) in
diabetic patients,*> exhibited efficient large-scale data processing capabilities in glaucoma screening,*® and provided new
perspectives for personalized treatment planning by quantifying key features of keratoconus and predicting its progres-
sion trends.?’ Given SVM’s established efficacy in ophthalmic disease classification, this study proposes to employ SVM
methodology to achieve automated classification between HM and healthy controls (HCs) based on amygdala-related
neuroimaging markers under the influence of HM.
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Utilizing rsfMRI, this investigation examined amygdala-related FC abnormalities across whole-brain networks among
individuals with HM, seeking to identify potential neuroimaging biomarkers for this condition. Employing the amygda-
lar-seeded FC methodology, our neuroimaging protocol implemented whole-brain connectivity mapping to map con-
nectivity patterns, followed by SVM classification to evaluate the diagnostic utility of these FC patterns in distinguishing
HM patients from healthy controls. Our investigation was guided by two key hypotheses derived from existing literature:
that HM patients would exhibit impaired emotional processing capabilities due to disrupted amygdala connectivity and
that these amygdala-related FC patterns could serve as reliable neuroimaging markers for HM classification, given the
amygdala’s well-established role in emotional regulation and its potential vulnerability in visual impairment conditions.

Methods
Population Recruitment Processing

This study utilized the same participant cohort and identical inclusion/exclusion criteria as our prior investigation.”” The
original recruitment was conducted at The First Affiliated Hospital of Nanchang University in 2021 (August to
December), comprising 82 patients with HM and 59 demographically matched healthy controls (HCs). While our
previous work focused on characterizing hippocampal functional connectivity (FC) alterations in HM patients compared
to HCs, the present study adopts an innovative computational framework to systematically evaluate amygdala-centered
FC perturbations across whole-brain networks in the HM cohort. This approach leverages the same well-phenotyped
participant sample to address distinct but complementary neurobiological questions, thereby extending our understanding
of HM-related network dysfunction beyond hippocampal circuitry.

The sample size was determined by the availability of eligible participants during the recruitment period. To evaluate
whether the sample size was adequate, we conducted a post-hoc power analysis using G¥*Power 3.1. With 82 patients and
59 healthy controls, the statistical power was 0.829 at a significance level of 0.05 (two-tailed) to detect a medium effect
size (Cohen’s d = 0.5), indicating that the cohort size was sufficient for the present analyses.

Functional MRI Data Processing Workflow

Neuroimaging Data Acquisition

Resting-state functional MRI (rs-fMRI) scans were performed using a Siemens 3T MAGNETOM Prisma scanner
(Erlangen, Germany) equipped with an 8-channel phased-array head coil at the Radiology Department of the First
Affiliated Hospital of Nanchang University. During the 8-minute acquisition protocol, participants were instructed to
remain awake with eyes closed while 240 contiguous whole-brain volumes were collected using a gradient-echo planar
imaging (EPI) sequence.

Participant Preparation

During pre-scan preparation, participants were directed to maintain eyes-closed, supine positioning while sustaining
wakefulness in a state of non-directed mentation. To minimize external noise and head movement, participants wore
earplugs and had symmetrical foam pads positioned bilaterally. A sleep monitoring device was employed to verify

wakefulness throughout the procedure.

Post-Scan Protocol
Following the scan, participants underwent a brief mental state assessment to confirm procedural safety.

Imaging Parameters
1. Rs-fMRI: Field of view (FOV) = 240 x 240 mm?; repetition time (TR) = 2000 ms; echo time (TE) = 40 ms; flip
angle = 90°; matrix = 64 x 64; 30 axial slices with 4 mm thickness and 1 mm gap.
2. High-resolution T1-weighted anatomical images: TR/TE = 1900/2.26 ms; flip angle = 9°; FOV = 240 x 240 mm?;
matrix = 256 x 256; 176 sagittal slices at 1 mm thickness.
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Data Preprocessing

First, participants exhibiting clinically significant brain lesions (assessed through structural MRI and neurological
evaluation) were excluded from the cohort. The rs-fMRI data were then screened and examined using the MRIcro
software package (www.MRIcro.com) to remove data from subjects with incomplete images and large head movements
or artifacts. Finally, data preprocessing was based on the MATLAB 2012a (Mathworks, Natick, MA, USA) platform and
the SPM 8 (http://www.fil.ion.ucl.ac.uk/spm) software package, and the DPIBI (http://www.restfmri.net) software
package was used for analysis. The specific steps are described below and the analytical workflow is shown in Figure 1:

1. Image data format conversion: Converts image data in DICOM format to image data in NIFTI format.

2. The initial 10 time points were discarded to accommodate two critical stabilization phases: (a) establishment of
magnetic field equilibrium, and (b) participant acclimation to gradient-induced acoustic noise. This standard
preprocessing step ensures the attainment of steady-state BOLD signals.

3. Time layer correction: The signals from the remaining 230 time points are corrected to the same moment according
to a certain algorithm.

4. Head motion correction: Although rigid head immobilization was maintained throughout image acquisition, some
subtle movements were inevitable due to the long scanning time, breathing or swallowing of the subject, etc.,
which interfered with the BOLD signals, and thus the head motion had to be corrected. A rigid-body

HM group

Filter
Resting-state fMRI Data

preprocess Statistical Analysis

_|_

T1 Img

Amygdala

SVM

ROC curve of (AUC = 0.76499 )

True Positive Rate
°

Figure | Resting-state fMRI data preprocessing process. (a) Data screening and format conversion. (b) Covariate removal and filtering. (c) Grouping and statistical analysis:
@® Group: HM group vs HC group; @ Machine learning validation: SVM classification (area under the ROC curve = 0.765).
Abbreviations: fMRI, functional magnetic resonance imaging; HM, high myopia; HC, healthy control; ROC, receiver operating characteristic; SVM, support vector machine.
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transformation of the 24 head-movement parameters was used, and no subjects were excluded due to head
translations >3 mm and/or rotations >3° based on the estimates of the motion calibration.

5. Segmentation alignment: To ensure a proper alignment process, we used the DARTELA toolbox to create custom
templates based on the T1 structural images of all subjects, and then used the optimized custom templates to
segment the aligned structural images of all subjects into three parts.

6. The functional neuroimaging data underwent standardized spatial preprocessing using the following pipeline: First,
individual subject scans were coregistered to the Montreal Neurological Institute (MNI-152) standard stereotaxic
space through nonlinear transformation. This spatial normalization procedure included reslicing to isotropic 3mm?
voxels for optimal balance between spatial resolution and computational efficiency. Subsequently, a Gaussian
spatial filter with 6mm full-width at half maximum (FWHM) was applied to reduce inter-subject anatomical
variability while preserving meaningful functional signals.

7. Removal of covariates and linear drift: Covariates such as whole-brain mean signal, Friston-24 motion parameters,
along with white matter and CSF signal were removed using multiple regression, and linear convergence effects of
subjects’ machine adaptation and machine temperature were removed by the de-linear drift technique.

8. Filtering: The data is processed with a bandwidth of 0.01-0.08Hz to reduce the negative impacts caused by low-
frequency drift as well as high-frequency noise on the accuracy of the data. Temporal band-pass filtering (0.01-
—0.08 Hz) was applied to the time series. This frequency range has been widely adopted in resting-state fMRI
studies, as it captures spontaneous low-frequency fluctuations associated with neural activity while effectively

reducing low-frequency drift and high-frequency physiological noise.*®*’

Functional Connectivity Analysis

For functional connectivity (FC) analysis, we utilized the DPARSF 4.5 toolbox with the following processing pipeline:
First, the bilateral amygdala was selected as regions of interest (ROIs) based on the automated anatomical labeling
(AAL) atlas. Whole-brain voxel-wise FC maps were subsequently created through Pearson correlation analysis of the
mean time series from each amygdala ROI with all remaining brain voxels.

To examine distinct amygdala connectivity profiles comparing HM patients with healthy controls (HCs), we conducted
between-group t-tests implemented in the DPABI toolkit. Statistical significance was determined using false discovery rate
(FDR) correction for multiple comparisons. To improve the robustness of our findings, we applied an additional cluster-extent
threshold requiring a minimum of Y contiguous voxels for each significant cluster.

Support Vector Machine Analysis

For pattern classification analysis, we implemented a support vector machine (SVM) algorithm using the LIBSVM
toolbox (version 3.2x) in MATLAB 2017b (MathWorks). The primary objective was to evaluate whether amygdala-based
functional connectivity (FC) patterns may serve as potential neuroimaging biomarkers for distinguishing HM patients
from healthy controls (HCs). To reduce dimensionality and avoid overfitting, amygdala-based whole-brain FC features
were first extracted and then subjected to a two-step feature selection strategy: (i) univariate two-sample t-tests with FDR
correction (P < 0.05, FDR-corrected) to preselect candidate features; and (ii) recursive feature elimination (RFE)
embedded within the SVM to determine the optimal feature subset. The selected features were then used to train an
SVM classifier with a radial basis function (RBF) kernel. Hyperparameters (C and y) were optimized via grid search, and
model performance was evaluated using leave-one-out cross-validation (LOOCYV). Classification accuracy, sensitivity,
and specificity were calculated to quantify the discriminative ability of the model.

Statistical Analysis
To compare zFC between HM patients and healthy controls, we conducted independent two-sample t-tests. Multiple comparisons

were corrected using FDR theory, with age and sex included as covariates in the regression (P < 0.05, FDR-corrected).

Clinical Ophthalmology 2025:19 heeps: 3841



Dong et al

Results

Basic Information
Our sample included 82 HM patients (43M/39F; mean age = 26.54+5.3) and 59 controls (24M/35F; mean age = 25.743.1).

Differences of FC Between HM and HC

Comparative analyses revealed distinct amygdala connectivity patterns between HM patients and HCs (Figures 2 and 3).
Following false discovery rate correction (P < 0.05), patients with HM exhibited significantly enhanced functional
connectivity between the right amygdala and multiple cortical regions, including the left calcarine fissure and surround-
ing cortex, the right precuneus, and the left middle frontal gyrus, left median cingulate and paracingulate gyri. Similarly,
increased connectivity was observed between the left amygdala and both the left middle occipital gyrus and left middle
frontal gyrus. The complete stereotaxic coordinates (MNI space) and corresponding effect sizes (Cohen’s d) for these
findings are systematically presented in Tables 1 and 2. These results demonstrate a distinct pattern of amygdala network
reorganization in HM patients, characterized by strengthened connectivity with visual association areas and frontal

executive regions.

A Mean FC values of right Amygdala in HM group B Mean FC values of right Amygdala in HC group
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Figure 2 (A) HM group’s mean values of functional connectivity for right amygdala. (B) HC group’s mean values of functional connectivity for the right amygdala. (C)
Differential functional connectivity values of the right amygdala between groups. (D) Statistically significant differences in right amygdala functional connectivity between HM
and HC groups.

Abbreviations: FC, functional connectivity; HM, high myopia; HC, healthy control.

3842 s Clinical Ophthalmology 2025:19



Dong et al

A Mean FC values of left Amygdala in HM group B Mean FC values of left Amygdala in HC group
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Figure 3 (A) HM group’s mean values of functional connectivity for left amygdala. (B) HC group’s mean values of functional connectivity for the left amygdala. (C) Group
differences in left amygdala functional connectivity. (D) Statistically significant differences in left amygdala functional connectivity between HM and HC groups.
Abbreviations: FC, functional connectivity; HM, high myopia; HC, healthy control.

Correlation with Clinical Variables

To investigate the relationship between the observed FC changes and the clinical severity of high myopia, we performed
a post-hoc Spearman correlation analysis. We examined the relationship between the FC values of the significant brain
regions (as listed in 3.2) and three key clinical metrics: diopter, disease duration, and axial length. The analysis revealed
no statistically significant correlations between the FC values and these clinical variables (all p > 0.05). The scatterplots
for these analyses are provided in the Supplementary Materials (Supplementary Figures S1, S2, and S4).

Table | Right Amygdala Functional Connectivity Alterations in HM

Seed Direction | Brain Region | BA Peak Effect Size MNI Coordinates (x, Cluster Size
Region t-Score (Cohen’s d) Y,Z) (Voxels)
R-amygdala - Calcarine_L - 5.0896 0.95 (large) —15,-66,18 177
Precuneus_R - 45411 0.85 (large) 24,-60,21 54
Frontal_Mid_L - 4.9268 0.92 (large) —24,33,30 153
Cingulum_Mid_L | - 4.4854 0.84 (large) —9,24,33 69

Abbreviations: BA, Brodmann area; Calcarine_L, left calcarine fissure and surrounding cortex; Cingulum_Mid_L, left median cingulate and paracingulate gyri;
Frontal_Mid_L, left middle frontal gyrus; HM, high myopia; Precuneus_R, the right precuneus.
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Table 2 Left Amygdala Functional Connectivity Alterations in HM

Seed Direction | Brain Region | BA Peak Effect Size MNI Coordinates Cluster Size

Region t-Score (Cohen’s d) (x,y,z) (Voxels)

L-amygdala - Occipital_Mid_L | - 5.1301 0.96 (large) —42,-72,21 153
Frontal_Mid_L - 5.0452 0.95 (large) -21,39,27 122

Abbreviations: BA, Brodmann area; FC, functional connectivity; Frontal_Mid_L, left middle frontal gyrus; HCs, healthy controls; HM, high myopia;
Occipital_Mid_L, left middle occipital gyrus.

Support Vector Machine Classification Results

Figure 4 and Table 3 demonstrate the SVM results based on amygdala imaging metrics for classifying patients with HM.
The accuracy and area under the curve are 0.723 and 0.728 on the left side, and 0.731 and 0.765 on the right side,
respectively, which means that the amygdala Imaging Indicators could be effective in HM patients diagnosis clinically.
To visually represent the model’s classification performance in more detail, a confusion matrix was generated, which
summarizes the classification results for each group (see Supplementary Figure S3).

Discussion

The core innovation of this study is the identification of a distinct pattern of amygdala-centric network reorganization in
high myopia (HM), providing a tangible neural substrate for the emotional and cognitive challenges associated with the
condition. In this study, we found that under rs-fMRI, the amygdala in individuals with HM enhanced FC with other
brain regions, including the right amygdala with the left calcarine fissure and surrounding cortex (Calcarine L), the right

Al Bl
100 100
90 - 654
—~ 80-
X = 80
g o
& 79 3 70
©
©
3 60 £ o
o
50 (s}
< £ 50
40 40
30,1 30 -
15 v, > 15
10 i 15
RS ~ 10
5 s T
0 0
log2g 5 5 log2¢c
A2 A3 B2 B3
, ROC curve of (AUC = 0.76499 ) , . ROC curve of (AUC = 0.72819 )
s
o9 09
08 o8
0
1 '
i . . . . PR o8 . " : > 5 - - o > % s i
og2c Faise Positive Rate log2c Faise Positive Ral

Figure 4 (Al) SVM classifier performance (AUC) for HM patients derived from right amygdala imaging features. (A2) Parameter selection result map of SVM classification
results for patients with HM based on right amygdala imaging metrics (3D view). (A3) Plot of the results of parameter selection for the SVM classification of patients with
HM based on right amygdala imaging metrics (contour plot). (B1) SVM classifier performance (AUC) for HM patients derived from left amygdala imaging features. (B2)
Parameter selection result map of SVM classification results for patients with HM based on left amygdala imaging metrics (3D view). (B3) Plot of the results of parameter
selection for the SVM classification of patients with HM based on left amygdala imaging metrics (contour plot).

Abbreviations: AUC, area under the curve; ROC, receiver operating characteristic.
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Table 3 SVM Classification of Patients with High Myopia Based on the Amygdala
Imaging Index

Side | Accuracy | Sensitivity | Specificity | Precision | AUC (95% CI)

Left | 0.7234 0.8049 0.6102 0.7416 0.7650 (0.688-0.842)
Right | 0.7305 0.8171 0.6102 0.7444 0.7282 (0.646-0.810)

Abbreviations: SVM, support vector machine; AUC, Area Under the Receiver Operating
Characteristic Curve.

precuneus (Precuneus R), and the left middle frontal gyrus (Frontal Mid L), left median cingulate and paracingulate
gyri (Cingulum_Mid L); and left amygdala with left middle occipital gyrus (Occipital Mid L), the left middle frontal
gyrus (Frontal Mid L). Crucially, the robustness of this connectivity pattern was validated by a support vector machine
(SVM) analysis, which successfully distinguished HM patients from controls, underscoring its potential as a biomarker
for HM-associated neural reorganization.

We first used the amygdala as a seed area to assess the changes in connectivity between the amygdala and all other
brain regions using the FC method. We found multiple brain regions with altered functional links to the amygdala in
patients with HM. The association between the right precuneus and the amygdala has been previously expressed in the
literature, with the amygdala and precuneus interacting to shape a person’s emotional response to self-relevant stimuli.
Patterns of functional connectivity (especially anti-correlations) between the amygdala and precuneus may serve as
neural markers of the effects of long-term exercise interventions on emotion regulation.***' In addition to this, the
precuneus may also play a role in regulating emotional responses by influencing amygdala activity. For example, when
we engage in self-reflection or positive thinking exercises, the precuneus may help to down-regulate amygdala activity,
thereby reducing negative emotions.**** In the context of HM, the observed enhanced connectivity may therefore
represent a neural marker of the increased demand for self-referential emotional processing and regulation, possibly
reflecting the chronic stress and worry associated with vision loss.

Second, previous studies have demonstrated that amygdala emotional stimulation modulates function of the visual
cortex.***> As part of the visual transmission process, left calcarine fissure and surrounding cortex belong to the visual
cortex, which receives visual input from the retina and performs early-stage visual information processing, such as
detecting edges, lines, and motion.***” Therefore, the enhanced FC between the amygdala and the calcarine cortex in
HM patients may reflect a compensatory top-down modulation, where the emotion-processing network attempts to
amplify and prioritize degraded or ambiguous visual information. Further research is warranted to elucidate the precise
mechanism.

Third, the left middle frontal gyrus (MFG) is a key player in the symphony of higher-order cognitive functions. It is
part of the prefrontal cortex, an area often referred to as the “command center” of the brain. Studies have shown that
working memory, attention, regulation of verbal fluency, and language comprehension are key functions of MFG.** > In
our HM cohort, the enhanced amygdala-MFG connectivity likely signifies the increased cognitive effort required to
manage the visual deficit while maintaining attention. This heightened coupling represents a neural correlate of the
constant cognitive load experienced by these patients.

Fourth, the left median cingulate and paracingulate gyri (DCG.L) are part of the cingulate gyrus, one of the nodes of
the default mode network (DMN), which is associated with emotion regulation and cognitive function.”' It has been
shown that in patients with early-onset bipolar disorder (BD), the FC of the middle cingulate gyrus is enhanced,
reflecting altered functional connectivity within the DMN, with likely implications for destabilizing emotion regulation
and cognitive control.”® In HM patients, this enhanced FC within a key DMN node may similarly reflect a heightened
state of introspection and emotional self-monitoring, providing a potential mechanism for the increased prevalence of
anxiety and depressive symptoms in this population.

Finally, the left middle occipital gyrus (MOG) constitutes a core component of the visual processing system and plays
a more important role in some aspects of visual processing and may be involved in detail processing, object recognition,
or spatial analysis, such as reading and language-related visual tasks.>®> HM is often accompanied by retinal and choroidal
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thinning and optic nerve damage, resulting in blurred or diminished incoming visual signals.>**>> To compensate for low-
quality input, the brain may optimize the efficiency of information integration by enhancing functional connectivity in
vision-related brain regions, and left hemisphere lateralization functions (eg, language or fine analysis) may be mobilized
to compensate for visual deficits.’® The enhanced FC in the MOG found in our study strongly supports this compensatory
hypothesis. We propose that this heightened connectivity is a neuroplastic adaptation aimed at optimizing the processing
of poor-quality visual input.

In addition, to further probe the clinical significance of these network alterations, we explored their relationship with
diopter, disease duration, and axial length. However, in line with our results, no significant linear correlations were
observed. These null findings may reflect limitations such as our sample size, as well as the complex, multifactorial
interaction between chronic visual deficits and the brain’s functional architecture. The relationship is likely not a simple
linear one and may be modulated by other unmeasured variables. Therefore, future research should incorporate a richer
array of quantitative ophthalmic (eg, retinal thickness) and clinical data to better capture the intricate interplay between
the eye and the brain’s emotional-cognitive systems.

In this study, SVM was used to validate the pattern of intergroup differences in FC. As a class of supervised machine
learning algorithms, SVM has been widely used in the field of neuroimaging biomarker mining by virtue of its robustness in
high-dimensional data classification. Previous studies have shown that SVM has demonstrated significant advantages in the

>7-3% and dementia identification.”” Our team’s previous study also confirmed that the SVM

directions of depression diagnosis
model constructed based on the dynamic FC (dynamic FC, dFC) of the left primary visual cortex (left V1) could effectively
differentiate patients with HM from the healthy population (AUC=0.786).>° In this study, we further extended the SVM
framework to functional connectivity analysis of amygdala subregions. The results showed that the feature combination based
on the left amygdala (AUC=0.728, 95% CI: 0.652—0.804) and the right amygdala (AUC=0.765, 95% CI: 0.694-0.836) was
able to achieve the classification of HM patients with high discriminative efficacy. This successful classification validates the
biological significance of the identified amygdala-centric FC pattern and reinforces its potential as a robust neuroimaging
biomarker. Finally, it should be noted that although we comprehensively evaluated the classification performance of the
Support Vector Machine (SVM) model by reporting the AUC values and their 95% confidence intervals, we were unable to
provide a calibration plot because the current LIBSVM-based pipeline outputs categorical predictions rather than probabilistic
scores. This methodological limitation may restrict the full assessment of calibration performance, and future studies are
warranted to implement probability-based calibration analyses.

This study has several limitations that should be noted. First, while our findings provide a compelling neural model for the
psycho-cognitive aspects of HM, a key limitation of this study is the absence of standardized clinical assessments to quantify
the emotional and cognitive status of the participants. Future research should incorporate a battery of psychometric scales,
such as the Hamilton Anxiety Rating Scale (HAMA), Hamilton Depression Rating Scale (HAMD), Montreal Cognitive
Assessment (MOCA), and Mini-Mental State Examination (MMSE). The inclusion of such data would be crucial for
establishing direct brain-symptom correlations and for exploring whether the observed amygdala network alterations are
specifically linked to emotional dysregulation, cognitive changes, or both, thereby providing a more comprehensive clinical
context for our neuroimaging findings. In addition, the present SVM analysis was designed for group-level classification rather
than individual-level prediction. Therefore, while altered amygdala-based FC patterns may serve as potential imaging markers
reflecting emotional-cognitive involvement in HM, they cannot yet be used to predict which patients are at higher risk of
emotional disorders. Such translational applications will require larger, longitudinal cohorts and predictive modeling
frameworks.

Overall, we hope to use this study to better understand the effects of HM on the brain, particularly the amygdala,
utilizing imaging metrics so that potential diagnostic and therapeutic avenues can be explored.

In conclusion, this study shifts the focus of neuroimaging in HM from purely visual pathways to the critical interface
of vision, emotion, and cognition. By identifying a specific pattern of amygdala-centric network reorganization, we
provide a potential neural framework for the heightened emotional and cognitive burden in these patients. These findings
not only deepen our understanding of the whole-body impact of HM but also highlight the importance of addressing the
psychological well-being of patients. The identified FC patterns serve as a promising avenue for developing future
diagnostic biomarkers and exploring targeted therapeutic interventions.
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Conclusion

The experimental results show that compared with the normal control group, the functional connectivity of certain brain
areas in HM patients is significantly enhanced. This indicates that HM may cause significant changes in brain area
activity, which is accompanied by clinical symptoms related to abnormal amygdala function, thereby becoming a cause
of depressive and anxious emotions in some HM patients. This study provides further evidence for the link between HM
and neurologic impairment, and patients with HM should be highly cared for on an emotional-psychological level along
with clinical treatment. Future studies with larger, longitudinal cohorts are needed to validate amygdala-based functional
connectivity as a potential biomarker and to explore whether targeted interventions, such as cognitive training or
neuromodulatory approaches, may mitigate the neuro-emotional consequences of high myopia.
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