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Aim: The objective of this study was to examine changes in functional connectivity (FC) in the hippocampus among patients with 
high myopia (HM) compared to healthy controls (HCs) through the utilization of seed-based functional connectivity (FC) analysis.
Methods: Resting-state functional magnetic resonance imaging (fMRI) was conducted on a sample of 82 patients diagnosed with high 
myopia (HM) and 59 HCs. The two groups were matched based on age, weight and other relevant variables. Using seed-based FC 
analysis to detect alterations in hippocampal FC patterns in HM patients and HCs. Furthermore, a correlation analysis was performed 
to examine the associations between the mean functional connectivity (FC) signals in various brain regions of patients with HM and 
their corresponding clinical manifestations.
Results: The FC values in the left temporal pole-temporal gyrus (L-TPOsup), right hippocampus (R-HIP), left medial temporal gyrus 
(L-MTG) and left hippocampus in HM patients were significantly lower than those of healthy subjects. In the left temporal pole- 
superior temporal gyrus (L-TPOsup), right orbital part of middle frontal gyrus (RO-MFG), left fusiform gyrus (L-FG), left cerebellum 
superior (L-Cbe6), left middle temporal gyrus (L-MTG), right thalamus (R-THA), and right hippocampus, FC values were also 
significantly lower.
Conclusion: Brain dysfunction was observed in various regions of the HM patients, suggesting the existence of neurobiological 
alterations that could lead to impairments in visual cognition, movement, emotional processing, and visual memory.
Keywords: high myopia, hippocampus, resting state, brain function, brain region, functional connectivity

Introduction
High myopia (HM) refers to a form of visual impairment characterized by a spherical equivalent refractive error of an 
eye ≤ −6.00 D or an axial length measuring ≥ 26 mm, and its clinical manifestations mainly include decreased visual 
acuity and anterior dark shadow.1,2 The prevalence of nearsightedness in East Asia, particularly in China, has experi-
enced an unparalleled increase, skyrocketing from 15% to 90% among teenagers and young adults over a span of six 
decades. It is projected that by 2050, individuals with myopia will make up 9.8% of the worldwide population.3,4 Besides 
genetic factors, prolonged near work and insufficient sleep are also significant contributors to HM.5 Pathological myopia 
poses a significant risk to HM, as it can readily result in severe complications like glaucoma, retinal detachment, and 
myopic macular degeneration.6 Despite extensive research on these complications, there is currently limited under-
standing of the impact of neural activity in the brain that causes these harms with HM.

Recently, resting state functional magnetic resonance imaging (rs-fMRI) has become a swiftly evolving neuroimaging 
technique. By using this technique, one can observe alterations in the flow of blood and oxygenation in the brain that take 
place while performing motor, sensory, and cognitive activities. The alterations indirectly suggest the extent of regional 
neural function in the brain, rendering rs-fMRI extremely valuable for various purposes.7,8 Prior to this, Yao found that 
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the functional connectivity (FC) changes between the hippocampus and other brain regions could serve as potential 
neuroimaging biomarkers for cognitive or mental disorders associated with Sepsis-associated encephalopathy (SAE).9 In 
our prior investigation, we demonstrated the existence of disturbed FC in individuals with HM, particularly between the 
primary visual cortex (V1) and various other regions of the brain. This interference suggests that HM patients may be 
impaired in processing visual information.10 To the best of our knowledge, no prior studies have utilized FC to 
investigate and analyze the functional alterations in both the hippocampus and various brain regions in patients with 
HM. This research has the potential to enhance our understanding of the etiology and neural mechanisms underlying HM. 
For this investigation, we employed the hippocampus the seed region and analyzed the directed FC between the 
hippocampus and other brain regions.

The hippocampus is a pair of subcortical structures situated on the medial side of the temporal lobe. It is part of the 
limbic system of the brain and plays an integral role in cognitive functions such as spatial guidance and memory. We 
know that the guiding navigation is an important role of vision, and strong vision can effectively drive navigation. In fact, 
the brain’s vision and navigation systems interact. Extensive neural networks spanning from the retina to the hippo-
campus play a crucial role in enabling us to perceive and recognize visual objects within our environment. The ventral 
pathway of visual transmission projects from the retina to the V1 region and then to the infratemporal cortex. Visual 
information reaches and is further projected to the hippocampus through the perinasal cortex and entorhinal cortex, 
contributing to information processing and facilitating the formation of spatial memory.11–14 Ji discovered that patients 
with HM experience neural activity dysfunction, particularly in the default mode network (DMN) and cerebellar network 
(CER). Consequently, patients with HM may exhibit deficits in visual, motor, and cognitive functions.15 Zhang 
demonstrated that patients with HM show variations in amplitude of low-frequency fluctuations (ALFF) and DMN 
across different brain regions, which might signify cognitive changes associated with HM.16 Moreover, other studies 
have indicated that myopia patients are nearly twice as likely to develop cognitive impairment compared to individuals 
with refractive errors.17 Therefore, in this study, we propose the hypothesis that patients with HM will exhibit 
characteristic FC pattern alterations in the hippocampus, which could be linked to cognitive, motor, and visual changes 
induced by HM.

Participants and Methods
Participants
The First Affiliated Hospital of Nanchang University recruited 141 participants from the ophthalmology department from 
August to December 2021. Of these participants, 82 had high myopia (HM) while 59 were healthy controls (HCs). Both 
groups were paired based on their educational background, age, and gender. Exclusion criteria encompassed a history of 
brain illnesses, a clinical examination and evaluation. All eligible study volunteers were provided with detailed 
information regarding the research methods and potential risks before their participation, and evaluations were carried 
out in a standardized clinical environment. All methods of this study followed the guiding principles of the Declaration of 
Helsinki, and the study protocol was approved by the Medical Ethics Committee of the First Affiliated Hospital of 
Nanchang University. Table 1 displays the original sample size.

The criteria for selecting the subjects are as follows: (1) visual acuity greater than 600 degrees in both eyes, visual 
acuity greater than 1.0 with glasses; (2) fulfillment of MRI-related tests; (3) perform optical coherence tomography, 
ultrasound examination, and other ophthalmic examinations; (5) no contraindications to MRI.

Table 1 The Original Sample Size of HM Patients and HCs

HM HCs

Population of interest 276 109

Eligible for inclusion criteria 82 59
Meet the exclusion criteria 194 60

Abbreviations: HM, high myopia; HCs, healthy controls.
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The exclusion criteria for HM patients are as follows: (1) a history of eye trauma or previous ophthalmic surgery 
exists; (2) existence of retinal detachment, macular edema, retinal neovascularization, and other fundus diseases; (3) 
Other neurological disorders, such as cerebral infarction, etc.

The inclusion criteria for HCs are as follows: (1) no eye diseases or systemic illnesses (such as stroke or other 
cerebral disease); (2) uncorrected visual acuity is greater than 1.0; (3) the relevant MRI examination and ophthalmic 
examination are normal; (4) no contraindications to MRI.

Acquisition of fMRI Data
Rs-fMRI data were collected using a 3T MR scanner (Siemens, Erlangen, Germany) equipped with an 8-channel phased- 
array head coil for data acquisition. We used the following parameters to capture 240 resting-state volumes over 8 
minutes: field of view of 240 mm × 240 mm, repetition time of 2000 ms, echo time of 30 ms, flip angle of 90°, matrix of 
64 × 64, slice thickness of 4 mm, and a gap of 1.2 mm. Everyone were given instructions to limit any movement, shut 
their eyes, and stay awake. All participants were provided with noise-canceling headphone to mitigate other effects. In 
this study, the imaging parameters used for the high-resolution T1-weighted imaging were an echo time of 2.26 ms, 
a thickness of 1 with no intersection gap, an acquisition matrix of 256 × 256, a repetition time of 1900 ms, a field of view 
measuring 240×240 mm2, and a flip angle of 12°.

Analysis of fMRI Data Preprocessing
The data preprocessing process employed Data Processing and Analysis for Brain Imaging (DPABI) toolboxes and MATLAB 
2013b and utilized the Statistical Parametric Mapping (SPM12). The acquired data underwent various preprocessing steps, 
including: (1) obtain and categorize the data, (2) converting the DICOM format to NIFTI format, (3) remove the first ten images, 
(4) analyzing the functional volumes, (5) correcting for time, (6) correcting for head motion, (7) normalizing spatially, (8) 
smoothing spatially, and (9) eliminating linear data, interference noise, and low-frequency filtering.

Definition of Region of Interest (ROI)
The focus of this research was the hippocampus, which was identified as the region of interest (ROI) based on Brodmann 28. The 
calculation of FC was performed using the hippocampus as the starting point. Table 2 provides detailed information on the 
coordinates of the right and left hippocampus, which were (36, −21, −9) and (−36, −21, −9) respectively, as coordinated by the 
Montreal Neurological Institute (MNI). The radius of the ROI was adjusted to 6 millimeters. We calculated the average time series 
of all voxels within the ROI and performed Pearson correlation calculation between each voxel and the whole-brain voxel time 
series. In the end, we obtained a correlation coefficient between the voxel and the pre-selected ROI, as well as a whole-brain 
functional connectivity map (FC map). After normalization, they were subjected to statistical analysis. (By applying Fisher-Z 
transformation to convert the distribution of Pearson correlation coefficients from its original skewness to a normal distribution, in 
order to meet the assumptions of hypothesis testing.)

Functional Connectivity Analysis Based on Seed
To evaluate the FC of the hippocampus, we utilized seed-based FC analysis. Initially, we established the variables for the 
FC examination. We used the DPABI toolbox to build a sphere with a diameter of 12 mm. Afterwards, we computed 
Pearson correlation coefficients between the initial region and every voxel in the brain for every individual. Next, 
Fisher’s z-transform analysis was applied to these coefficients in order to enhance normality. The resulting outcomes 
were utilized for the FC analysis.

Table 2 Montreal Neurological Institute Coordinates for Region of Interest

Region of Interest X Y Z

Right hippocampus (Brodmann 28) 36 −21 −9
Left hippocampus (Brodmann 28) −36 −21 −9
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Statistical Analysis
Aggregated clinical and demographic data were analyzed using SPSS 8.0 software. Proportions were analyzed using the chi- 
squared test, and continuous variables were assessed using independent two-sample t-tests (P < 0.05). The SPM12 software was 
used to conduct one-sample t-tests for examining patterns of FC intragroup z-values. Furthermore, a comparison was made 
between the two groups using two-sample t-tests to examine disparities in z-value FC patterns (voxel-level P < 0.01, Gaussian 
random field [GRF] correction, cluster-level P < 0.01). Furthermore, we utilized Pearson correlation coefficients to investigate 
the connections between mean FC signal values in various brain regions and clinical features in HM patients (P < 0.05).

Results
Basic Information
The study comprised 82 individuals diagnosed with HM (43 males and 39 females; average age, 26.53 ± 5.291 years) and 59 
healthy controls (24 males and 35 females; average age, 25.67 ± 3.102 years). Table 3 displays the demographic attributes.

Group Differences in FC
HM patients and HCs are compared in Figures 1 and 2, illustrating the distribution of FC values in the left and right 
hippocampus. Significantly reduced functional connectivity (FC) values were observed in HM patients compared to HCs in 
the L-TPOsup, R-HIP, L-MTG, and left hippocampus (Figure 1 and Table 4) (P < 0.01 at voxel-level, GRF correction, P < 0.01 
at cluster-level). Additionally, HM patients also had lower FC values in L-TPOsup, L-Cbe6, L-FG, RO-MFG, L-MTG, 
R-THA, and the right hippocampus (Figure 2 and Table 5) (P < 0.01 at voxel-level, GRF correction, P < 0.01 at cluster-level).

Discussion
In the present investigation, a method based on seed-based functional connectivity (FC), recognized for its dependability 
and effectiveness, was employed to evaluate information transmission and coordination among different brain regions 
and the hippocampus. Table 6 demonstrates the prior utilization of this approach in examining individuals with 
ophthalmic or alternative systemic conditions. Based on our current understanding, this research is the initial exploration 
of the FC between the hippocampus and other relevant brain regions, focusing specifically on individuals with HM. This 
study has the potential to enhance our comprehension of the hippocampal connectivity associated with HM. Compared 
with HCs, FC values in l-tpossup, R-HIP, L-MTG, and the left hippocampus were significantly reduced in HM patients, 
as were FC values in L-TPOsup, L-Cbe6, L-FG, RO-MFG, L-MTG, R-THA, and the right hippocampus. These findings 
may offer valuable information about the neural processes implicated in HM and may help to understand the underlying 
pathogenesis of spatial vision and cognitive impairment in patients with HM.

FC Alterations and Their Significance
Patients with HM showed a notable decrease in FC of the left and right hippocampus and the L-TPOsup/L-MTG. Likewise, 
diminished FC was observed in the bilateral hippocampus. L-TPOsup, L-MTG, R-HIP are all part of the temporal lobe. The 
temporal pole is unique to primates and is associated with higher brain functions. The hippocampus is widely regarded as 
a crucial area in the creation and retention of memories that last for a long time, and it plays a role in various aspects including 
emotional and spatial memory. MTG is situated between the superior temporal gyrus and the inferior temporal gyrus. It 
contributes to enhancing the speed of word identification.24 Huang observed that the FC between SN and MTG is reduced in 
depressed patients, which presumably reflects an active downregulation or inhibition in depression.25,26 According to the 

Table 3 Demographic Characteristics of HM Patients and HCs

Characteristic Male/Female Age (Years)

HM 43/39 26.53 ± 5.291
HCs 24/35 25.67 ± 3.102

Abbreviations: HM, high myopia; HCs, healthy controls.
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research carried out by Brueggen K, it was found that changes in tone result in increased stimulation of the temporal pole on 
the left side of the brain, suggesting its possible involvement in combining the melodic/harmonic background and emotional 
meaning of music.27 In another research, it was found that individuals with presbycusis showed reduced directed functional 
links of the hippocampus, which were observed to be associated with particular cognitive abilities.28 To support these findings, 
we noticed a decrease in both sides of the hippocampus and L-TPOsup/L-MTG, along with a decrease in FC in the 
hippocampus on both the left and right sides in individuals with HM. This indicates that HM patients may impairments in 
memory, the transmission and processing of semantic information, as well as visual and social-emotional functioning.

The RO-MFG is a region of the cerebral cortex located between the supraorbital bone (orbital bone) and the frontal 
lobe, primarily participates in the processing of conditioned emotions and the regulation of cognitive functions.29,30 

A study conducted in 2019 discovered a reduction in ALFF within the RO-MFG region among individuals diagnosed 
with anxious depression (AD), indicating a potential neural alteration underlying AD.31 A different investigation found 
that individuals experiencing their initial bout of depression displayed decreased ALFF in the right orbitofrontal cortex 
when compared to individuals without depression, suggesting impaired control of the reward system in those with the 
first depressive episode.32 Similarly, our study found significantly lower FC values in the RO-MFG among HM patients, 
indicating impaired functioning of the RO-MFG. We believe that individuals with HM might undergo a deterioration in 
cognitive abilities and encounter difficulties in processing emotions.

The L-FG plays a crucial role in the ventral visual pathway and is strongly linked to different visual cognitive 
processes, aiding in the integration of pertinent multisensory data.33 A study conducted in 2018 found that migraine 

Figure 1 Spatial of distributions of FC patterns of the left hippocampus in HM patients and HCs. 
Notes: (A) Mean FC values of left hippocampus in HM group; (B) mean FC values of left hippocampus in HC group; (C) different FC values of left hippocampus between 
two groups and (D) significant zFC maps of left hippocampus differences among two groups. 
Abbreviations: HCs, healthy controls; HM, high myopia; FC, functional connectivity; zFC, z-values functional connectivity; L, left; R, right.
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patients with aura (MA) experienced a decrease in L-FG volume, suggesting a connection between migraines and 
disturbances in the integration of multiple senses and the processing of memory.34 According to Jung et al, the study 
conducted in 2021 discovered reduced sizes of gray matter in the hippocampus on the left side and the Fusiform Gyrus 
among individuals diagnosed with schizophrenia spectrum disorders. This indicates a potential connection between 
atypical gray matter in the L-FG and difficulties in recognizing social-emotional cues as well as the intensity of negative 
symptoms.35 Disruptions in visual function may have led to a decrease in FC in the L-FG of HM patients, as revealed by 
our study. These changes could potentially result in modifications to the brain’s structure, leading to subsequent 
impairments in visual perception, recognition of social-emotional cues, and other cognitive functions.

The L-Cbe6 is situated in the posterior region of the brain and is responsible for coordinating movements, balance, 
and posture. Motor control and various cognitive functions are heavily reliant on its pivotal role. Niu identified reduced 

Figure 2 Spatial of distributions of FC patterns of the right hippocampus in HM patients and HCs. 
Notes: (A) Mean FC values of right hippocampus in HM group; (B) mean FC values of right hippocampus in HC group; (C) different FC values of right hippocampus 
between two groups and (D) significant zFC maps of right hippocampus differences among two groups. 
Abbreviations: HCs, healthy controls; HM, high myopia; FC, functional connectivity; zFC, z-values functional connectivity; L, left; R, right.

Table 4 Significant Differences in FC Values of the Left Hippocampus Between HM Patients and HCs

Brain Region MNI Coordinates (X,Y,Z) Peak t-score Cluster Size (Voxels)

L-TPOsup −27 3 −21 −3.4573 41
R-HIP 36 −21 −9 −3.8216 87

L-MTG −39 −27 −6 −4.379 80

Abbreviations: FC, functional connectivity; HM, high myopia; HCs, healthy controls; L-TPOsup, left temporal pole- 
superior temporal gyrus; R-HIP, right hippocampus; L-MTG, left middle temporal gyrus; MNI, Montreal Neurological 
Institute.
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functional connectivity in the L-Cbe6 among smokers during a seed-based functional connectivity analysis. This may 
contribute to the dysfunction associated with chronic smokers.36 During our study, we noticed a notable decrease in FC 
within the L-Cbe6 region among individuals with HM. We hypothesize that HM could lead to impaired functioning in the 
L-Cbe6, potentially causing difficulties in movement, balance, and posture in individuals with HM.

The thalamus, positioned between the brainstem and the cerebral cortex, serves a crucial function in the transmission 
of information. Multiple nuclei within the thalamus are responsible for processing tactile information, motor control, and 
regulating emotions. Xia found that individuals with vestibular migraine (VM) had a notable reduction in the thalamus’ 
amplitude of low-frequency fluctuations (ALFF) when compared to the HCs. A negative correlation was observed 
between ALFF and the frequency of VM episodes in the left thalamus within the VM group. This implies that 
irregularities in the connection of the thalamocortical area are involved in the atypical handling, control, transfer, and 
merging of pain data in individuals with VM.37 In addition to these findings, a reduction in FC was also noted in the left 
hippocampus and thalamus among individuals diagnosed with high myopia (HM). We hypothesized that patients with 
high myopia may have dysfunction in coordination and integration for various brain functions.

Nonetheless, our study does have certain limitations. These include a relatively modest sample size and variations in refractive 
diopter among patients with HM. Moreover, variations in the timing of HM onset could potentially affect the precision of the 
outcome.

Conclusion
The results of our inquiry indicate that individuals with HM exhibit significant alterations in the FC of various brain regions when 
compared to HCs. This suggests that HM causes significant alterations in brain region activity, which may present relevant clinical 
symptoms. These findings provide new viewpoints on the origin and neural processes of HM, which could potentially provide 
valuable understanding in diagnostic considerations and facilitating early-stage treatment for patients with HM to prevent the 
development of neurological diseases, and enable necessary preventive measures.

Table 5 Significant Differences in FC Values of the Right Hippocampus Between HM Patients 
and HCs

Brain Region MNI Coordinates (X,Y,Z) Peak t-score Cluster Size (Voxels)

L-TPOsup −27 3 −21 −3.8358 97

L-Cbe6 −9 −54 −27 −3.9695 148

L-FG 39 −33 −18 −3.5767 60
R-ORBmid 21 30 −9 −4.1049 49

L-MTG −39 −39 0 −4.3205 65

R-THA 12 −12 15 −3.8003 47

Abbreviations: FC, functional connectivity; HM, high myopia; HCs, healthy controls; L-TPOsup, left temporal pole- 
superior temporal gyrus; L-Cbe6, left cerebellum superior; L-FG, left fusiform gyrus; R-ORBmid, right orbital part of 
middle frontal gyrus; L-MTG, left middle temporal gyrus; R-THA, right thalamus; MNI, Montreal Neurological Institute.

Table 6 Use of Seed-Based FC Technique for Analysis of 
Individuals with Ophthalmic or Other Systemic Diseases

References Disease

JI et al (2023)10 High myopia
Landelle et al (2023)18 Parkinson’s disease

Kroemer et al (2022)19 Major depressive disorder

Xia et al (2022)20 Insomnia disorder
Qi et al (2021)21 Diabetic retinopathy

Yu et al (2020)22 Proliferative diabetic retinopathy

Han et al (2018)23 Subjective tinnitus

Abbreviation: FC, functional connectivity.
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Prospect
Recently, static and dynamic fMRI studies have consistently shown that high myopia and associated eye diseases can 
result in abnormalities in the brain areas involved in visual information processing, spatial vision, emotion, and cognitive 
processing. These abnormalities primarily manifest as decreased performance in the relevant brain areas along with 
compensatory functional mechanisms. These specific functional abnormalities, as well as the compensatory mechanisms 
in the corresponding brain areas, are expected to be significant focal points for future studies on high myopia.
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