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Abstract
● AIM: To analyze changes in amplitude of low-frequency 
fluctuations (ALFFs) and default mode network (DMN) 
connectivity in the brain, using resting-state functional 
magnetic resonance imaging (rs-fMRI), in high myopia (HM) 
patients.
● METHODS: Eleven patients with HM (HM group) and 
15 age- and sex-matched non-HM controls (non-HM group) 
were recruited. ALFFs were calculated and compared 
between HM group and non-HM group. Independent 
component analysis (ICA) was conducted to identify DMN, 
and comparisons between DMNs of two groups were 
performed. Region-of-interest (ROI)-based analysis was 
performed to explore functional connectivity (FC) between 
DMN regions.
● RESULTS: Significantly increased ALFFs in left inferior 
temporal gyrus (ITG), bilateral rectus gyrus (REC), bilateral 
middle temporal gyrus (MTG), left superior temporal gyrus 
(STG), and left angular gyrus (ANG) were detected in HM 
group compared with non-HM group (all P<0.01). HM group 
showed increased FC in the posterior cingulate gyrus (PCC)/
precuneus (preCUN) and decreased FC in the left medial 
prefrontal cortex (mPFG) within DMN compared with non-

HM group (all P<0.01). Compared with non-HM group, HM 
group showed higher FC between mPFG and bilateral middle 
frontal gyrus (MFG), ANG, and MTG (all P<0.01). In addition, 
HM patients showed higher FC between PCC/(preCUN) 
and the right cerebellum, superior frontal gyrus (SFG), left 
preCUN, superior frontal gyrus (SFG), and medial orbital of 
the superior frontal gyrus (ORB supmed; all P<0.01).
● CONCLUSION: HM patients show different ALFFs and 
DMNs compared with non-HM subjects, which may imply 
the cognitive alterations related to HM.
● KEYWORDS: functional magnetic resonance imaging; 
high myopia; default mode network; amplitude of low-
frequency fluctuation 
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INTRODUCTION

T he prevalence of high myopia (HM), a common eye 
disorder, has increased dramatically in the past decades, 

worldwide, especially in Asia[1-2]. HM represents a refractive 
error below -6 diopter (D), and predisposes the eye to various 
pathologic changes involving the sclera, choroid, and retina, 
which can result in visual impairment and blindness[3-4]. 
Recently, functional connectivity density (FCD) mapping 
and seed-based correlation analyses showed that HM causes 
FCD and morphological changes in the brain[5-6], implying a 
link between HM and cognitive dysfunction[7-9]. In addition, a 
public health study involving more than a million adolescents 
suggested that cognitive function is highly correlated with 
HM[10]. However, the neural characteristics, especially the 
cognitive alterations, associated with HM patients have not 
been clarified. 
Resting-state functional magnetic resonance imaging (rs-
fMRI), which measures brain activity by detecting changes 
in blood flow during activity compared with the resting state, 
has been widely used to explore cognitive characteristics[11-12]. 
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One valuable index that can be measured during rs-fMRI 
is the amplitude of low-frequency fluctuations (ALFFs), 
which reflect spontaneous neural activity[13-14]. In addition, the 
default mode network (DMN), which comprises the posterior 
cingulate cortex (PCC), medial prefrontal cortex (mPFC), 
and bilateral parietal cortices, has been found to be altered 
during cognitive impairment and neurodegeneration[15-16]. To 
date, neuroimaging studies examining the spontaneous neural 
activity and functional cognitive changes that occur in HM 
patients have been inadequate.
The purpose of this study was two-fold: first, to analyze the 
ALFFs and DMN connectivity in HM patient brain using rs-
fMRI; and second, to explore the distribution of anomalous 
regional intrinsic activities in the HM brain by performing 
independent component analysis (ICA) and region-of-interest 
(ROI) analyses, to evaluate the inter-regional functional 
connectivity (FC) among DMN regions. We hypothesized 
that HM patients may have different ALFFs and DMNs than 
non-HM subjects, which may be associated with cognitive 
alterations caused by HM. 
SUBJECTS AND METHODS
Ethical Approval  All protocols were approved by a local 
ethics committee and were performed in accordance with the 
Declaration of Helsinki, and full written consent was obtained 
from all participants.
Subjects  Unrelated Chinese patients, either with or without 
HM, were recruited from the Department of Ophthalmology, 
Peking Union Medical College Hospital. 
Eleven patients with HM (HM group), who had spherical 
equivalents (SEs) of at least -6.00 D in both eyes and 
appropriately corrected by wearing glasses, were recruited, 
and 15 emmetropic age- and sex-matched individuals (non-
HM group), with SEs within ±1.0 D in both eyes, served as 
the control group for this study (Table 1). Participants were 
excluded from the current study for diagnoses of ocular 
disorders other than HM, medical, neurological, or psychiatric 
illnesses, use of alcohol, caffeine, or nicotine within the 
last 3mo, and any magnetic resonance imaging (MRI) 
contraindications.
Magnetic Resonance Imaging Data Acquisition  All images 
were acquired with a 3-T MRI scanner (MAGNETOM Skyra, 
Siemens, Erlangen, Germany). We obtained 200 fuctional 

images using the echo-planar imaging sequence with the 
following parameters, repetition time (TR)=2510ms, echo 
time (TE)=3ms, slice thickness=3 mm, gap=0 mm, field of 
view (FOV)=240×240 mm2, acquisition matrix=80×80, flip 
angle=90°. In addition, T1-weighted high-resolution structural 
images were obtained using the gradient-echo sequence with the 
following parameters, TR=2300ms, TE=3.17ms, TI=900ms, 
slice thickness=1 mm, gap=0 mm, FOV=256×256 mm2, 
acquisition matrix=256×256, flip angle=8°. Earphones and 
earplugs were used to reduce acoustic noise. For the resting 
state scan, all subjects were required to remain still with their 
closed eyes, and instructed not to think about anything special 
or fall sleep.
Funct ional  Magnet ic  Resonance  Imaging  Data 
Preprocessing  All rs-fMRI and strutural data preprocessing 
was achieved by Data Processing Assistant for Resting-
State fMRI (DPARSF) based on some functions in Statistical 
Parametric Mapping (SPM8, http://www.fil.ion.ucl.ac.uk/spm/
software/spm8/) and Resting-State fMRI Data Analysis Toolkit 
1.8 (REST). Preprocessing includes the following steps, 1) the 
first 10 points of the rs-fMRI for every subjects were discarded 
to maintain data stabilization; 2) slice-timing correction, head-
motion correction, and nuisance covariate removal were 
performed. During the preprocessing, if the subjects’ head 
motions indicated rotations exceeding 2.5° or 2.5 mm in the 
X-, Y-, or Z-axis, the subjects were excluded. No participants 
in this study were excluded due to head motion; 3) rs-fMRI 
datas were normalized to the Montreal Neurological Institute 
(MNI) space by the method of unified segmentation on the 
T1-weighted image, and resampled to a 3-mm3 cube voxel; 
4) these images were smoothed with the Gaussian smoothing 
kernel of 6×6×6 mm3. After smoothing, linear detrending, 
temporally band-pass filtering (typical band: 0.01-0.08 Hz), 
and the removal of nuisance covariates were performed. 
The Amplitude of Low-Frequency Fluctuation Analysis  
The ALFF value was obtained by using the DPARSF software 
with the following steps. The power spectrum was obtained 
by using a fast Fourier transform, which converted the time 
series of each voxel into a frequency domain. The square root 
of the power spectrum (typical band: 0.01 to 0.08 Hz) was 
called ALFF. Then, the global mean ALFF was used for further 
analysis.

Table 1 Subjects’ characteristics

Characteristics HM group (n=11) Non-HM group (n=15) t/χ2 test P
Age, mean±SD 50.2±13.7 48.2±12.2 0.3897 0.7002
Sex, M/F 3/8 5/10 0.1094 0.7408
Handedness, R/L 10/1 14/1 0.0525 0.8187
Mean SE, R/L -13.98/-12.08 0.21/0.20 10.51/10.96 <0.0001/<0.0001

SE: Spherical equivalent; R: Right; L: Left. t-test for comparing age and SE of two groups; χ2 test for comparing sex and Handedness of two groups.

ALFF and DMN in high myopia
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Independent Component Analysis  We performed the 
Subject Order Independent Group ICA (SOI-GICA)[17], which 
was based on the group ICA (GICA) function of the functional 
magnetic resonance imaging (fMRI) toolbox (Stable and 
Consistent Group ICA of the fMRI Toolbox, version 1.2; 
http://www.nitrc.org/projects/cogicat/). SOI-GICA includes 
the following three advantages, which were multiple times, 
randomized initial values and different subject orders. We 
performed SOI-GICA with the following major parameters 
(GICA 100 times and 20 independent components). Eight 
significant components were identified as resting-state 
networks (RSNs) by visual observation. The individual-level 
components were acquired and transformed into z-scores, 
which belong to Gaussian distributions.
Independent component patterns representing RSNs were 
analyzed by using a one-sample Student’s t-test (t>15) to 
better display each brain network. A two-sample Student’s 
t-test was used to compare the differences within DMNs 
between HM patients and non-HM controls. AlphaSim correction 
was conducted to result in a corrected threshold of P<0.01 
[AlphaSim program in REST software, Major parameters: single 
voxel P=0.01, 1000 simulations, full-width at half maximum 
(FWHM)=6 mm, cluster connectivity criterion =5 mm].
Default Mode Network Connectivity Analysis  FC between 
ROIs, based on the ICA findings within voxels of the whole 
brain, was calculated. The time courses of ROIs in both groups 
were extracted. Pearson correlation analysis between the time 
course of ROIs and that of every voxel in the whole brain 
was computed to obtain a map of correlation coefficients. 
The resultant values were converted to a map of Gaussian 
distributed values, using Fisher’s z-transformation, resulting 
in z-FC maps. One-sample Student’s t-tests were performed 
on the non-HM group’s z-FC maps to identify the normal 
network. Two sample Student’s t-tests were then performed 
to compare the z-FC maps between HM patients and healthy 
controls. Corrected cluster thresholds were determined by 
using Monte Carlo simulations (AlphaSim program in REST 
software). A cluster connection radius of 5 mm, FWHM=6 mm, and 
a height threshold of P<0.01 were achieved for FC analyses. 
Brain regions with altered FC were projected onto a three-
dimensional ICBM152 smoothed-brain, using BrainNet 
Viewer software.
Statistical Analysis  Group comparisons of data were 
achieved by using a χ2 test, for categorical variables, and 
Student’s t-tests, for continuous variables, using the Statistical 
Package for the Social Sciences version 19.0 (SPSS, Chicago, 
IL, USA). After preprocessing, the functional data were all in 
accordance with normal distribution through Fourier transform. 
P<0.01 was considered statistically significant.

RESULTS
Amplitude of Low-Frequency Fluctuation Differences 
Between HM Group and Non-HM Group  The ALFFs of all 
participants during the resting state were analyzed. Compared 
with the non-HM group, the ALFF values in the HM group 
increased in the left inferior temporal gyrus (ITG), bilateral 
rectus gyrus (REC), right middle temporal gyrus (MTG), left 
superior temporal gyrus (STG), and left angular gyrus (ANG) 
(two-sample Student’s t-test, AlphaSim corrected, P<0.001, 13 
voxels; Table 2, Figure 1).
Functional Connectivity Differences in the Default Mode 
Networks Between the HM Group and the Non-HM Group
The DMNs were extracted from each subject by manual 
operation. FC data was based on the correlations between a 
seed region and voxels within the brain. In this study, the HM 
group showed increased FC in the PCC/precuneus (preCUN) 
and decreased FC in the left mPFC compared with the non-
HM group (two-sample Student’s t-test, P<0.01; Table 3, 
Figure 2).
ICA and DMN Connectivity Analysis  The PCC/preCUN 
and medial prefrontal gyrus (mPFG), determined by ICA 
findings, were extracted as ROIs, using the rs-fMRI Data 
Analysis Toolkit (REST). Significant differences were noted 
in the Z-FC maps for the resting state between the HM group 
and the non-HM group (two-sample Student’s t-test, P<0.01, 

Table 2 Regions showing ALFF differences between HM group 
and non-HM group

Brain
areas BA Voxels

MNI coordinates, mm t value for 
peak voxelsx y z

L ITG 20 36 -42 -27 -27 6.2864
R REC 11 18 3 24 -24 4.8824
L REC 11 45 -3 57 -21 5.5339
R MTG 21 13 69 -21 -6 4.7061
R MTG 21 21 54 -39 0 5.1903
L STG 22 14 -60 -27 12 5.2146
L ANG 39 31 -45 -51 27 6.7717

ITG: Inferior temporal gyrus; REC: Rectus gyrus; MTG: Middle 
temporal gyrus; STG: Superior temporal gyrus; ANG: Angular gyrus; 
R: Right; L: Left; BA: Brodmann area; MNI: Montreal Neurological 
Institute.

Table 3 Differences in the DMN between HM group and non-HM 
group

Brain areas BA Voxels
MNI coordinates, mm t value 

for peak 
voxelsx y z

L mPFG 9 83 -3 42 36 -4.7479
R PCC/preCUN 23 35 15 -48 36 4.5272

mPFG: Medial prefrontal gyrus; PCC: Posterior cingulate cortex; 
preCUN: Precuneus; R: Right; L: Left; BA: Brodmann area; MNI: 
Montreal Neurological Institute.
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Figure 1 ALFF differences between HM patients (HM group) and non-HM control subjects (non-HM group)  Compared with the values 
in the non-HM group, the ALFF values in HM patients increased in the left ITG, bilateral REC, right MTG, left STG, and left ANG (marked 
with red dots). The threshold was set at P<0.001 (AlphaSim corrected, P<0.001, 13 voxels).

Figure 2 FC differences in DMNs between HM patients (HM group) and non-HM control subjects (non-HM group)  The HM group 
showed increased FC in the PCC/preCUN (marked with red dots) and decreased FC in the left mPFG compared with the values for the non-HM 
group (marked with blue dots). The threshold was set at P<0.01 (AlphaSim corrected, P<0.01, 30 voxels).

ALFF and DMN in high myopia
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AlphaSim corrected; Figures 3 and 4). Compared with the 
non-HM group, the HM group showed higher FC between the 
mPFG and the right middle frontal gyrus (MFG), left MFG, 
ANG, and MTG (P<0.01; Figure 3, Table 4). In addition, the 
HM group showed increased FC between the PCC/preCUN 
and the right cerebellum (CRBL) and superior frontal gyrus 
(SFG), left preCUN, SFG, and medial orbital of the superior 
frontal gyrus (ORB supmed) and decreased FC between the 
PCC/preCUN and the right MFG compared with the non-HM 
group (P<0.01; Figure 4, Table 5). 
DISCUSSION
In our study, HM patients showed altered ALFFs and DMNs 
compared with non-HM subjects, which may imply cognitive 

alterations associated with HM. Different from previous fMRI 
studies which applied voxel-based analysis, such as ALFF[18-19],
degree centrality[20] and FCD[5], we combined voxel-based 
analysis with ICA to detect changes of spontaneous brain 
activity and alternations of DMN in HM group from the view 
of cerebral functional dissociation and integration.
ALFF values, which represent spontaneous neural activity, were 
significantly increased in the left ITG, left STG, left ANG, 
right MTG, and bilateral REC of the HM group compared 
with those of the non-HM group, in our study. As part of the 
ventral stream, the ALFFs in the ITG may reveal visual stimuli 
processing, object identification, and memory recall and can be 
modulated by attention to stimuli[21-22]. Decreased ALFF values 

Figure 3 A 3D map displaying the increased and decreased FC of ROIs between HM patients (HM group) and non-HM controls (non-
HM group)  All of the regions with increased FC for ROIs between the two groups were connected by red lines (right MFG, left MFG, ANG, 
and MTG), whereas all of the regions with decreased FC for ROIs between the two groups were connected by blue lines (None). 

Figure 4 FC for regions-of-interest (ROIs) between HM patients (HM group) and non-HM controls (non-HM group)  All of the regions 
with increased FC for ROIs between the two groups were connected by red lines (right CRBL and SFG, left preCUN, SFG, and ORB supmed), 
whereas all of the regions with decreased FC for ROIs between the two groups were connected by blue lines (right MFG). 

Table 4 Altered FC of ROIs between HM group and non-HM group

Brain areas BA Voxels
MNI coordinates, mm

t value for peak voxels
x y z

L MTG 21 59 -60 -36 -9 5.6144
L ANG 39 67 -42 -51 30 5.5303
R MFG 46 62 30 18 36 5.0265
L MFG 46 75 -36 21 42 4.471

MTG: Middle temporal gyrus; MFG: Middle frontal gyrus; ANG: Angular gyrus; R: Right; L: Left; MNI: 
Montreal Neurological Institute; BA: Brodmann area.
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in the ITG were observed in amblyopia patients[23]. In humans, 
the STG is involved in emotion and sound processing[24]. 
Therefore, the observed increased ALFF values for the HM 
group in the left ITG and left STG may imply cognitive 
compensations with regards to vision, emotion, and sound 
processing, due to HM. In this study, significantly increased 
ALFF values in the HM group were detected in the left ANG. 
Evidence has shown that the ANG is activated when the mind 
is at a resting state and is deactivated when the mind is engaged 
in cognitively demanding tasks[25-26]. The ANG is involved in 
a number of processes related to language abilities, number 
processing, spatial cognition, memory retrieval, attention, 
and the theory of the mind[27-28]. A recent study suggests that 
adolescents who have higher cognitive function scores (CFS) 
also have higher odds of having HM, especially for the verbal 
components of the cognitive function[10]. Our results on ANG 
activation potentially support the finding regarding the verbal 
components of the cognitive function, however, it still needs to 
be confirmed by the subjective cognitive assessment.
Huang et al[18] reported that significantly decreased ALFFs were 
found in the bilateral MTG, whereas we found significantly 
increased ALFFs in the right MTG. Compared to their study, 
we had a higher diopter of myopia, so we speculated that MTG 
may be impaired in HM with SE of -6.00 to -7.00 D, while in 
HM with higher diopter, MTG may undergo brain functional 
reorganization. Another functional study revealed decreased 
ALFFs in the bilateral REC of patients with low/moderate 
myopia[19], whereas our results showed increased ALFFs in the 
bilateral REC of HM, we surmised that these changes might be 
associated with abnormal cognitive function due to HM.
DMN is considered as an important brain network closely 
related to advanced cognitive activities[29]. Our study 
demonstrated that, compared with the non-HM group, the HM 
group showed greater FC in the PCC/preCUN and decreased 
FC in the mPFC. In general, the PCC/preCUN and mPFC are 
two important functional hubs in the DMN and are thought to 
be associated with emotional processing, such as attention and 

the identification and regulation of emotion[30-31]. Furthermore, 
the PCC/preCUN is considered to play an important role 
in the integration of visual information with spontaneous 
cognition[32-33]. Based on the existing evidence, our findings 
suggest alterations in the emotional processing and visual 
integration among HM patients, which may further alter 
cognitive function.
ROI analyses revealed increased FC in the right PCC/preCUN 
in the HM group. Moreover, HM patients showed increased 
FC between the PCC/preCUN and the right CRBL and SFG, 
left preCUN, SFG, and ORB supmed and decreased FC in the 
right MFG. As a cognitive control, the PCC/preCun plays a 
crucial role in monitoring the efficient allocation of attention 
to spatial behavior[32,34], the SFG has been found to be involved 
in self-awareness and coordinating the activity of the sensory 
system[35], and the MFG is involved in managing cognitive 
loads[36]. Thus, the changes observed in the ROI analyses 
further revealed cognitive modifications among HM patients. 
In our study, no abnormal functional changes in visual 
pathways were found. It may have something to do with 
the fact that we chose a more rigorous multiple comparison 
correction in ALFF. For the routine MRI examinations, there 
were a little spotted high intensity in the bilateral frontal white 
matter on the T2 weighted images for three patients of HM 
group, which were considered as non-characteristic changes, 
and the others of HM group and non-HM group were normal.  
The primary limitations of our study are as follows: 1) 
The sample size for each diagnostic group was relatively 
small. There were following two reasons, one was patient 
recruitment, to avoid the potential effects due to different 
status of refractive correction, we only included HM patients 
with appropriate correction by wearing glasses, and excluded 
those with over or under refractive correction more than ±1 D or 
wearing contact lens and receiving refractive surgery. The 
other is that MRI examinations in our study were time-
consuming, so we excluded the patients who cannot complete 
the full examination. Studies with larger sample sizes are 

Table 5 Altered FC of ROIs between HM group and non-HM group

Brain areas BA Voxels
MNI coordinates, mm

t value for peak voxels
x y z

R CRBL - 47 36 -66 -45 3.4625
ORB supmed 10 197 -3 51 -6 4.2194
R MFG 10 44 36 63 12 -5.2574
L preCUN 30 87 -6 -54 9 3.7329
L preCUN - 83 -3 -63 36 4.2158
L SFG 32 44 -18 36 36 3.386
R SFG 32 54 15 39 39 4.521

CRBL: Cerebellum; ORB supmed: Superior frontal gyrus, medial orbital; SFG: Superior medial frontal gyrus; preCUN: 
Precuneus; MFG: Middle frontal gyrus; R: Right; L: Left; MNI: Montreal Neurological Institute; BA: Brodmann area.

ALFF and DMN in high myopia
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necessary to verify and improve our results. 2) Although we 
found multiple characteristic changes among HM patients, 
which imply cognitive alterations due to HM, there is still a 
lack of correlation analysis between current results and CFS. 
Considering the complex networks among regions of the 
DMN, further investigation must be conducted to confirm 
our findings and determine corresponding clinical cognitive 
alterations through performing cognitive assessment. Currently, 
there are three cognitive assessment tests used for myopia, 
including Abbreviated Mental test[7-8], Tower of London test[9] 
and CFS[10], however, the most valuable test for patients with 
HM needs further evaluation.
In summary, our data showed that neuroimaging alterations 
can be observed among HM patients compared with non-HM 
controls, supporting our hypothesis that HM patients have 
different ALFFs and DMNs which may result in cognitive 
alterations due to HM. However, because this is a preliminary 
study and phenomenological description, some of these results 
cannot be explained and great efforts must be made to achieve 
more comprehensive findings and to generate neuroimaging 
maps that can describe the full-scale cognitive characteristics 
associated with HM. 
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