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Abstract

BACKGROUND

Diabetes is a common chronic disease. Given the increasing incidence of diabetes,
more individuals are affected by diabetic optic neuropathy (DON), which results
in decreased vision. Whether DON leads to abnormalities of other visual systems,
including the eye, the visual cortex, and other brain regions, remains unknown.

AIM
To investigate the local characteristics of spontaneous brain activity using regional
homogeneity (ReHo) in patients with DON.

METHODS

We matched 22 patients with DON with 22 healthy controls (HCs). All subjects
underwent resting-state functional magnetic resonance imaging. The ReHo
technique was used to record spontaneous changes in brain activity. Receiver
operating characteristic (ROC) curves were applied to differentiate between ReHo
values for patients with DON and HCs. We also assessed the correlation between
Hospital Anxiety and Depression Scale scores and ReHo values in DON patients
using Pearson correlation analysis.

RESULTS

ReHo values of the right middle frontal gyrus (RMFG), left anterior cingulate
(LAC), and superior frontal gyrus (SFG)/left frontal superior orbital gyrus (LFSO)
were significantly lower in DON patients compared to HCs. Among these, the
greatest difference was observed in the RMFG. The result of the ROC curves
suggest that ReHo values in altered brain regions may help diagnose DON, and
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the RMFG and LAC ReHo values are more clinically relevant than SFG/LFSO. We
also found that anxiety and depression scores of the DON group were extremely
negatively correlated with the LAC ReHo values (r = -0.9336, P < 0.0001 and r =
-0.8453, P < 0.0001, respectively).

CONCLUSION

Three different brain regions show ReHo changes in DON patients, and these
changes could serve as diagnostic and/or prognostic biomarkers to further guide
the prevention and treatment of DON patients.

Key Words: Diabetes; Diabetic optic neuropathy; Regional homogeneity; Resting state;
Functional magnetic resonance imaging; Brain activity

©The Author(s) 2021. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Through the analysis of resting state functional magnetic resonance imaging,
combined with the statistical calculation of all data, this study aimed to understand
altered spontaneous brain activity in patients with diabetic optic neuropathy, and find
out the differences of regional homogeneity values in different brain regions as well as
the correlation of other clinical related behaviors, so as to guide the diagnosis and
prevention of diabetes optic neuropathy.

Citation: Guo GY, Zhang LJ, Li B, Liang RB, Ge QM, Shu HY, Li QY, Pan YC, Pei CG, Shao
Y. Altered spontaneous brain activity in patients with diabetic optic neuropathy: A resting-state
functional magnetic resonance imaging study using regional homogeneity. World J Diabetes
2021; 12(3): 278-291

URL: https://www.wjgnet.com/1948-9358/full/v12/i3/278 . htm

DOI: https://dx.doi.org/10.4239/wjd.v12.i3.278

INTRODUCTION

Diabetes is a common chronic disease. Given the increasing incidence of diabetes,
more individuals are affected by diabetic optic neuropathy (DON)!. Diabetic
neuropathy is one of the three major chronic complications of diabetes and can affect
the central nervous system, peripheral nerves, and motor, sensory, and autonomic
nerves. In the visual system, the main manifestations are corneal hypoperception,
extraocular muscle paralysis, and DON. However, in clinical practice, the most
familiar ocular complications in patients with diabetes are diabetic retinopathy and
diabetic macular edema, so the prevalence of DON is often underestimated!”. Research
into related aspects is relatively extensive, but there are few studies of DON alone.
Moreover, there are multiple clinical manifestations of DON, which makes it difficult
to diagnose. Some of them can seriously threaten vision and affect patient quality of
life, underscoring the need to take them seriously. According to current studies, optic
neuropathy in diabetic patients includes optic disc neovascularization, anterior and
posterior ischemic optic neuropathy, diabetic papillopathy, and Wolfram's
syndromel”. The optic nerve is part of the central nervous system and comprises 1 to
1.2 million ganglion cell axons converging to form bundles of nerve fibers passing
through the ethmoid plate. Like brain tissue, this structure is particularly sensitive to
hypoxia, ischemia, and metabolic disorders. Hyperglycemia in diabetic patients leads
to abnormal angiogenesis in the entire body, resulting in decreased local tissue blood
flow that affects optic nerve metabolism!'. The main mechanisms proposed to be
associated with DON include chronic low-grade inflammation, abnormal activation of
inflammatory factors, and oxidative stress”. As the disease progresses over time, the
optic nerve irreversibly atrophies, eventually leading to blindness. Due to its
anatomical specificity, the inspection and diagnosis of conventional optic neuropathy
mainly rely on routine ophthalmic fundus examinations (Figure 1) such as fundus
fluorescein angiography (FFA), visual evoked potential (VEP), and clinical symptoms
and signs. However, some patients may have unclear optic disc boundaries, tortuous
veins, telangiectasia, malformations, clusters of high fluorescence around the optic
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disc, and fluorescent leakage staining during FAA examination. This assessment may
not be appropriate for all patients with diabetes if they have poor heart and kidney
function and depending whether the contrast agent is sensitized. These limitations
make it difficult to observe DON progression with FFA.

Functional magnetic resonance imaging (fMRI) is the main imaging modality
applied to detect brain dysfunction. The basis for brain fMRI is deoxyhemoglobin in
venous blood, which is an endogenous and noninvasive contrast agent. FMRI can
reveal the oxygenation state of hemoglobin in the vasculature. When brain activity is
high, there is an increase in local arterial oxygenated blood flow, which leads to a
relative decrease in deoxyhemoglobin. When these hemodynamics occur, neurons are
activated within a short period of time, even after a few seconds, and the generated
signal is called the blood oxygen level-dependent (BOLD) signal. In technical BOLD
studies, it was found to be useful for demonstrating abnormal cortical structure and
function in patients with nonarterial anterior ischemic optic neuropathy (NAION). In
addition to being noninvasive, fMRI also has advantages of high spatial resolution and
recognition of neuronal activity”. fMRI has been applied to study cortical
reorganization after NAION, and the results showed that neuronal activity in the
occipital visual area plays an vital role in visual acuity, while a complete visual
pathway depends on the normal activation of neurons in the visual cortex.

In recent years, resting-state fMRI (rs-fMRI) has been used to explore the
relationships between brain regions. Rs-fMRI is a relatively complex and diverse
analysis technique that involves a number of methods, among which regional
homogeneity (ReHo) is frequently employed. Notably, ReHo has been repeatedly
utilized to assess local synchronization of neighboring voxels in the whole brain in the
resting statel'’l. ReHo assumes that for brain regions with the same function, the
hemodynamics of each voxel are approximately the same, and the hemodynamics of
the brain regions may change as a result of changes in function or tasks. ReHo values
have been meaningfully applied to analyze many ophthalmologic diseases including
neuromyelitis optica"'], retinal detachment!"”, and glaucomal™, as well as neurogenic
diseases like sleep disorders!') and Parkinson's diseasel””l. The visual system is mainly
composed of the eyeball, ocular adnexal, visual transmission pathways, and the visual
center of the occipital lobe of the brain. External information is perceived by
photoreceptors, imaged on the retina, and transmitted to the visual center of the brain
through the optic nerve. Optic neuropathy can block visual information transmission
and cause abnormal brain activity, but few studies have investigated altered
spontaneous brain activity in DON patients. Consequently, we took advantage of
ReHo analysis to test our hypothesis that DON is associated with abnormal neuronal
activity in the visual cortex.

MATERIALS AND METHODS

Subjects
We enrolled 22 adult DON patients (11 males and 11 females) who had visited the
Department of Ophthalmology of the First Affiliated Hospital of Nanchang University
for the current study. According to Levin et all'’], the diagnostic criteria for DON were:
(1) Clear history of diabetes; (2) Optic disc edema (nonspecific congestive edema) or
ischemic optic neuropathy and optic nerve atrophy; (3) The degree of vision decline
was different, the basis of visual impairment was not clinically evident, and no typical
manifestations were seen on visual field examination, with some subjects having
enlarged physiological blind spots or only decreased visual acuity; (4) FFA showing
early lesions as partial or full optic papilla with obscure, leaky, or low fluorescence; (5)
No other diseases that can cause optic disc edema (e.g., optic nerve trauma and
systemic lesions); and (6) Optic disc edema was treated or recovered on its own after 6
mo (the recovered optic disc may appear pale).

We also recruited and enrolled 22 age- and sex-matched healthy controls (HCs) (11
males and 11 females) who met the following criteria: (1) No other eye diseases; (2) No
neurological or psychiatric disorders; and (3) Normal brain parenchyma on MRIL

Ethical considerations

This study is in line with the principles specified by the Declaration of Helsinki. Before
asking subjects to sign an informed consent form, we explained the purpose of the
study and the possible risks in detail. The protocol was approved by the Medical
Ethics Committee of the First Affiliated Hospital of Nanchang University (No.
2015029).
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Figure 1 Typical example of diabetic optic neuropathy seen on fundus camera and fluorescence fundus angiography. A: Fundus camera; B:

Fluorescence fundus angiography.

JBaishideng®

MRI parameters

A 3-Tesla magnetic resonance scanner (Trio; Siemens AG, Munich, Germany) was
used on all selected peoples. In order to reduce the error in the scanning process, the
patients were requested to try to stay awake, keep their eyes closed, and relax their
body until the end of the scan. Conventional T1 weighted image (T1IWI) scans were
gathered, and T2WI structural magnetic resonance database was used to rule out brain
dysfunction, 3D high-resolution TIWI volume image data and rs-fMRI data. Among
them, 176 3D high-resolution TIWI volume images were acquired by the T1-weighted
3D spoiled gradient sequence. The particular scanning parameters used are listed
below: Repetition time (TR), 1900 msec; echo time (TE), 2.26 msec; thickness, 1.0 mm;
gap, 0.5 mm; acquisition matrix, 256 x 256; flip angle, 9°; field-of-view (FOV), 250 mm
x 250 mm. What’s more, a total of 240 functional images were obtained using the
gradient-recalled echo-planar imaging sequence, based on the following particular
scanning parameters: TR, 2000 msec; TE, 30 msec; thickness, 4.0 mm; gap, 1.2 mm;
acquisition-matrix, 64 x 64; flip angle, 90°; and FOV, 220 mm x 220 mm. The scanning
times of the two sequences were 5 min and 10 min, respectively.

fMRI data preprocessing

MRI data of 22 healthy controls and 22 adult DON patients included in the study were
collected. MRIcro software was used to classify and filter the gained brain data. It must
ensure the stability of the scanning signal and eliminate the impact of collection time
on collected data. Hence, the first 15 scanned images were discarded without analysis.
Previous studies analyzed the functions of the brain in detail””. As mentioned earlier,
for the preprocessing of experimental data, the Data Processing Assistant for Resting-
State fMRI (DPARSFA 4.0, http:/ /rfmri.org/DPARSF) software and Statistical
Parametric Mapping software (http:/ /www.fil.ion.ucl.ac.uk/spm) can be used. The
main steps of preprocessing comprised slice timing, head motion correction, making
use of Friston six-head motion parameters to return head motion effects, spatial
normalization with standard echo planar image templates to achieve Montreal
Neurological institute standards, and ultimately smoothening with a Gaussian kernel
of 6 mm x 6 mm x 6 mm full-width at half-maximum, so as to heighten the signal-to-
noise ratio. REST software (http://sourceforge.net/ projects/testing-fmri, Institute of
Psychology, CAS) was used to calculate ReHo. The basic method of evaluation is
Kendall consistency coefficient!'"”), whose main significance is to calculate the time
series consistency of each voxel and its adjacent 26 voxels in the brain, to record the
activity level of local neurons finally.

Statistical analysis

SPSS version 20.0 (IBM Corporation, Armonk, NY, United States) statistical software
was used to perform calculations and analyses. To distinguish DON patients from
HCs and identify differences, we applied independent two-sample ¢-tests. General
linear model analysis was carried out using the SPM8 toolbox to study the differences
in ReHo values between groups. For multiple comparisons, we employed Gaussian
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random field theory (z > 2.3; P < 0.05; cluster > 40 voxels, AlphaSim corrected). Based
on the statistical results that ReHo values showed differences in identical brain
regions, we generated receiver operating characteristic (ROC) curves to intuitively
differentiate between DON patients and HCs. In all statistical analyses, P < 0.05 was
considered statistically significant.

Correlation analysis

Subjects in the DON group were required to accurately complete the Hospital Anxiety
and Depression Scale (HADS) as much as possible, and clinical behavior differences
were based on anxiety and depression scores. Pearson correlation was analyzed with
GraphPad Prism 8 software (GraphPad Inc., San Diego, CA, United States) to evaluate
and graph the linear correlation between HADS scores and ReHo values of the left
anterior cingulate (LAC).

RESULTS

Demographic and behavioral data

There were no significant differences in weight, age, handedness, or sex between the
two groups (P > 0.05). However, the DON group had significant differences from the
HC group in terms of best-corrected right and left eye visual acuities and bilateral VEP
latency (ms) and amplitude (mv) (P < 0.05). In the DON group, the mean duration of
disease was 56.76 + 5.26 d. Detailed data on clinical characteristics are shown in
Table 1.

ReHo differences

Compared with the HC group, ReHo values in the DON group were significantly (P <
0.05) decreased in specific brain areas including the right middle frontal gyrus
(RMFG), LAC, and superior frontal gyrus/left frontal superior orbital gyrus
(SFG/LFSO) (Figure 2 and Table 2). Figure 3 shows the mean ReHo values in brain
regions in both groups, with the greatest difference between groups for the RMFG.

ROC curve analysis

There were significant differences in ReHo values between the DON and HC groups.
We therefore assumed that the ReHo value could be applied to distinguish DON
patients from healthy subjects. To test this hypothesis, ROC curves were generated to
analyze mean ReHo values in distinct brain regions. The area under the ROC curve
(AUC) represents the diagnostic rate. Values of 0.5 to 0.7 indicate low accuracy, 0.7 to
0.9 are middle accuracy, and > 0.9 is high accuracy. The AUCs for ReHo values were as
follows: RMFG 0.984, LAC 0.984, and SFG/LFS 0.929 (P < 0.001; Figure 4). Collectively,
these results demonstrate that ReHo values in altered brain regions may help diagnose
DON. Moreover, the ROC curves suggest that the RMFG and LAC ReHo values were
more clinically relevant than SFG/LFSO.

Correlation analysis

There were highly significant negative correlations between anxiety and depression
scores and LAC ReHo values in the DON group (r = -0.9336, P < 0.0001 and r = -0.8453,
P <0.0001, respectively; Figure 5).

DISCUSSION

Rs-fMRI signals are related to resting-state networks and used to evaluate individual’s
cognitive, emotional, and executive function!”. Different signals are thought to reflect
spontaneous neural activity in the brainl. Changes in cortical signals can be used to
locate the central cortical functional area and further study other brain functions.
ReHo is a method for processing fMRI results, and Zang et al'”! found a noteworthy
correlation between ReHo abnormalities and changes of neuronal activity in local
functional brain regions. In other words, ReHo abnormalities indicate that the
synchronous activity of local neurons has changed. To our knowledge, this is the first
study to measure synchronous neural activity in DON patients using the ReHo
method. This approach has been applied in patients with a variety of ophthalmic and
neurogenic diseases (Table 3). It is a crucial and valuable method to research
functional changes in brain regions and investigate the underlying pathophysiological
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Table 1 Basic information of participants in the study

Condition DON HCs t P value'
Male/female 10/12 10/12 N/A >0.99
Age (years) 54.74 +5.98 53.02+5.12 0.274 0.914
Weight (kg) 65.32 £7.52 6212 +8.57 0.197 0.943
Handedness 22R 22R N/A >0.99
Duration of DON (days) 56.76 £ 5.26 N/A N/A N/A
Best-corrected VA-left eye 0.35+0.22 1.05+0.25 -3.581 0.014
Best-corrected VA-right eye 0.26 +0.19 1.05+0.15 -3.127 0.011
Latency (ms)-right of the VEP 121.01 +10.64 101.23 £5.42 3.291 0.002
Amplitude (UV)-right of the VEP 6.96 +2.15 13.29+1.84 -8.021 0.003
Latency (ms)-left of the VEP 110.42 +7.48 100.76 +3.29 5.597 0.012
Amplitude (UV)-left of the VEP 10.26 +£3.34 16.24 +2.65 -3.018 0.005

'Independent t-tests (P < 0.05). DON: Diabetic optic neuropathy; HCs: Healthy controls; N/A: Not applicable; VA: Visual acuity; VEP: Visual evoked

potential.

Table 2 Brain regions with significant differences in regional homogeneity between the healthy control and diabetic optic neuropathy

groups

DON group and HCs MNI coordinates
ReHo -

Brain areas BA Peak t-values Voxels X Y Y4
DON < HCs
1 RMFG 45 4.4606 185 39 36 9
2 LAC 32 4.6582 195 9 30 24
3 SFG/LFSO 48 4.0066 214 -30 36 15

Statistical threshold set at voxels with P < 0.05 for multiple comparisons using Gaussian random-field theory (z > 2.3, P < 0.05, cluster size, > 40, AlphaSim-
corrected). ReHo: Regional homogeneity; DON: Diabetic optic neuropathy; HCs: Healthy controls; BA: Brodmann area; MNI: Montreal Neurological

Institute; RMFG: Right middle frontal gyrus; LAC: Left anterior cingulate; SFG: Superior frontal gyrus; LFSO: Left frontal superior orbital gyrus.
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mechanisms of DON. In contrast to the HC group, ReHo values obviously decreased
in the RMFG, LAC, and SFG/LFSO (Figure 6), suggesting that these areas may be
dysfunctional in patients with DON. It is noteworthy that DON can lead to visual
impairment that affects normal life and easily cause emotional changes in patients,
such as anxiety and depression. Therefore, abnormal neural activity may also occur in
brain regions related to emotional processing (Figure 7).

Diabetes can damage multiple organs throughout the body. Large fluctuations in
blood sugar and long disease duration can also cause significant deterioration in brain
function and structure, eventually leading to dysfunction and cognitive decrements
associated with alterations in resting state neural connectivity?”l. When retinopathy
causes optic nerve ischemia, the nerve fibers undergo axon demyelination and
degeneration, which damage their integrity”l. One study reported that that nerve
conduction defects are obviously related to hyperglycemia™. The primary causes of
optic neuropathology in diabetic retinopathy were decreased optic nerve blood flow
and increased optic nerve microvascular permeability™, which led to decreased
numbers and diameters of distal optic axons and myelin sheath abnormalities.

In this study, almost all patients in the DON group cannot control blood sugar well,
and DON patients with poor glycemic control may experience optic disc inflammation
and edema, resulting in delayed VEP latency and decreased amplitude. VEP values
demonstrate the mechanism of optic nerve axon damage and retinal ganglion cell
apoptosis; they also intuitively show the extent of the optic nerve damage!*). VEP
examination can fully reflect the transmission function and shape information from the
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Table 3 Application of regional homogeneity method in ophthalmologic and neurogenic diseases

Ref. Year Disease
Ophthalmologic diseases Song et all’! 2014 Glaucoma

Chen et al**] 2017 Primary angle-closure glaucomas

Huang et all'”! 2017 Retinal detachment

Guo et all'!! 2019 Neuromyelitis optica

Wang et all*’] 2019 High-tension glaucoma

Shi et all*"! 2019 Constant exotropia

Yang et all'’] 2019 Strabismus amblyopia

Liao et al*!] 2019 Diabetic retinopathy

Lu et al*? 2020 Anisometropic amblyopia

Guo et al’l 2020 Nonarteritic anterior ischemic optic neuropathy
Neurogenic diseases Dai et all"*] 2012 Sleep disorders

Li et all"”! 2016 Parkinson disease

Russo et all*’] 2020 Bipolar mania and depression

Jaishideng®

retinal ganglion cells to the brain’s visual center, but this method has nonspecific
characteristics. It is common knowledge that VEP waves represent transmission to
subcortical nuclei and visual cortices. The visual pathway conveys information from
retinal photoreceptors to the visual center of the occipital lobe. Damage to this lobe can
cause visual impairment, as well as memory deficits and poor motor perception.

The functions of the brain regions of interest in this study are shown in Table 4, and
they are closely related to the formation of vision. The frontal lobe includes the head-
eye movement area and can regulate optic nerve function. When this area is damaged,
the patient may have enlarged eyelids, dilated pupils, and vision impairment. The
middle frontal gyrus belongs to the prefrontal cortex and participates in various
advanced cognitive functions including contingency awareness and executive
attention!>”l. A case report, based on rs-fMRI results, suggests that the right middle
frontal gyrus plays a role in reorienting of attention™!. The orbitofrontal cortex is the
portion of the prefrontal cortex located at the anterior and lower part of the frontal
lobe. It receives direct input from multiple brain regions including the amygdala,
dorsolateral thalamus, temporal lobe, ventral tegmental area, and olfactory system. Its
efferent nerves project to the amygdala, lateral hypothalamus, hippocampus, cingulate
gyrus, and temporal lobe. The orbitofrontal cortex participates in many types of
information transmission such as taste, smell, and vision, and it controls behaviors
related to rewards and punishments and is also involved in emotion™!. Animal and
human MRI studies have demonstrated how the orbitofrontal cortex works in concert
with other brain regions”-l. Orbitofrontal gyrus fiber bundles merge into the anterior
medial part of the thalamus tract through the lateral caudate nucleus, which plays a
significant part in visual perception. The cingulate gyrus! is part of the limbic system
and consists of anterior and posterior regions with different functions and
morphological structures. The anterior cingulate gyrus is associated with afferent
fibers from dorsolateral frontal, orbitofrontal, and insular areas and thalamic nuclei”,
while the right dorsal anterior cingulate gyrus has vital roles in visual function!™!.
Clinical and experimental results suggested that the anterior cingulate primarily
performs cognitive functions and regulates emotional changel”. One study of patients
with poor emotional control and anxiety and depression reported improvements after
they underwent anterior cingulotomy™. According to recent functional imaging
studies, the prefrontal cortex and the adjacent anterior cingulate gyrus are now
considered to play a central role in emotion regulation™. In addition, the patients with
anterior cingulate gyrus lesions also have significant changes in subjective emotional
state and social behavior, and are prone to show anxiety and depression™. The DON
group had significantly decreased ReHo values in the LAC, and correlation analysis
with HADS findings showed that anxiety and depression scores were negatively
correlated with LAC ReHo values (Figure 5). Therefore, our study suggests that the
lesions of anterior cingulate gyrus may be related to the anxiety and depression of
DON patients.
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Table 4 Brain region alternation and its potential impact

Brain region Experimental result Brain function Anticipated results

Middle frontal gyrus DONs < HCs Contingency awareness and executive Dysfunction of cognitive
attention activities

Anterior cingulate DONSs < HCs Cognition and emotion Depression and anxiety

Superior frontal gyrus/frontal superior orbital DONs < HCs Visual transmission and emotional Impaired visual function

gyrus expression

DON:s: Diabetic optic neuropathy patients; HCs: Healthy controls.

—j?mr:\\\/ l‘ \?T(}

\/\/\/

'3?” =\ ’LO/"”T\ fwﬁ\ /’E,k ,

Figure 2 Spontaneous brain activity in patients with diabetic optic neuropathy. Blue regions (right middle frontal gyrus, left anterior cingulate, and

superior frontal gyrus/left frontal superior orbital gyrus) indicate lower regional homogeneity values (z > 2.3, P < 0.05, cluster size, > 40, AlphaSim-corrected). R:
Right; L: Left.

Figure 3 shows that compared with the HC group, ReHo values in the RMFG, LAC,
and SFG/LFSO were significantly lower in the DON group. The ROC curves
demonstrate the clinical diagnostic utilities of these three regions (Figure 4). They also
show that the different signal values of these brain regions demonstrate acceptable
sensitivity and excellent specificity to help distinguish between the groups. The AUC
is often used to assess diagnostic value. We calculated the average ReHo values of the
altered regions and created ROC curves (Figure 4) to evaluate their accuracy for
diagnosing DON. The results showed that the diagnostic accuracies of the RMFG and
LAC were higher than that of the SFG/LFSO. This supports our hypothesis that the
ReHo method can be used to diagnose DON. Besides, many brain regions in patients
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Figure 3 Means of altered regional homogeneity between the diabetic optic neuropathy group and healthy controls. ReHo: Regional
homogeneity; DON: Diabetic optic neuropathy; HC: Healthy control; RMFG: Right middle frontal gyrus; LAC: Left anterior cingulate; SFG: Superior frontal gyrus;

LFSO: Left frontal superior orbital gyrus.
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Figure 4 Receiver operating characteristic curve analysis of the mean regional homogeneity values for altered brain regions. The area
under the receiver operating characteristic curve was 0.984, (P < 0.001; 95%Cl: 0.945-1.000) for the right middle frontal gyrus; 0.984 (P < 0.001; 95%Cl: 0.948-1.000)
for the left anterior cingulate; and 0.929 (P < 0.001; 95%Cl: 0.832-1.000) for the superior frontal gyrus/left frontal superior orbital gyrus. ROC: Receiver operating
characteristic; RMFG: Right middle frontal gyrus; LAC: Left anterior cingulate; SFG: Superior frontal gyrus; LFSO: Left frontal superior orbital gyrus; AUC: Area under

the ROC curve.
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with DON exhibited abnormal spontaneous activities that might indicate altered
synchronous neural activity in the visual cortex and other vision-related brain regions.
Our findings should be considered in the context of the study’s limitations. First, we
included a relatively small sample size, and there were differences between different
samples. In addition, some subjects may have made small body movements that
affected the rs-fMRI results. Finally, these results do not explain the specific
pathogenesis of DON. In the future, we plan to study the mechanism of nerve damage
and subsequent changes in brain activity.

CONCLUSION

In summary, we have identified three different regions of brain dysfunction in DON
patients, including the RMFG, LAC, and SFG/LFSO. The RMFG brain region has the
most significant decrease and the highest diagnostic value. It could be used to study
how optic neuropathy develops in patients with diabetes, and further guide the
prevention and treatment of DON patients.
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Figure 5 Correlations between the mean regional homogeneity values of the left anterior cingulate and the clinical behaviors. A: The
anxiety scores showed a negative correlation with the regional homogeneity (ReHo) values of the left anterior cingulate (LAC) (r = -0.9336, P < 0.001); B: The
depression scores showed a negative correlation with the ReHo values of the LAC (r = -0.8453, P < 0.001). ReHo: Regional homogeneity; AS: Anxiety scores; DS:

Depression scores.
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Figure 6 Regional homogeneity results of brain activity in the diabetic optic neuropathy group. Compared with the healthy controls, the regional
homogeneity values of regions 1-3 in diabetic optic neuropathy patients were decreased to various extents; region 1 refers to the superior frontal gyrus/left frontal
superior orbital gyrus [Brodmann area (BA) 48; t = 4.0066], region 2 to the right middle frontal gyrus (BA 45; t = 4.4606), and region 3 to the left anterior cingulate (BA
32; t = 4.6582). ReHo: Regional homogeneity; 1: Superior frontal gyrus/left frontal superior orbital gyrus; 2: Right middle frontal gyrus; 3: Left anterior cingulate.
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Optic neuropathy
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Figure 7 Relationship between regional homogeneity values of the left anterior cingulate and emotional state. Compared with healthy controls,
the regional homogeneity values of the left anterior cingulate were decreased and diabetic optic neuropathy patients are more likely to have anxiety and depression.
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ARTICLE HIGHLIGHTS

Research background

Diabetes is a common chronic disease. Given the increasing incidence of diabetes,
more individuals are affected by diabetic optic neuropathy (DON), resulting in
decreased vision. Whether DON leads to abnormalities of other visual systems,
including the eye, the visual cortex, and other brain regions, remains unknown.

Research motivation

We are more concerned about the damage of DON to the optic disc and vision
nowadays, and whether DON leads to abnormalities of other visual systems, including
the eye, the visual cortex, and other brain regions remains unknown. In this study, we
investigated the underlying regional homogeneity (ReHo) of brain-activity
abnormalities in patients with DON and their relationship with clinical features. Our
study may contribute to understanding altered neural mechanisms present in patients
with DON.

Research objectives
The aim of the current study was to use ReHo to investigate the local characteristics of
spontaneous brain activity in patients with diabetic optic neuropathy and brain

activity deficits and to identify the underlying pathophysiological mechanisms of
DON.

Research methods

We matched 22 patients with DON with 22 healthy controls (HCs). All subjects
underwent resting-state functional magnetic resonance imaging. The ReHo technique
was used to record spontaneous changes in brain activity. Receiver operating
characteristic (ROC) curves were applied to differentiate between ReHo values for
patients with DON and HCs. We also assessed the correlation between Hospital
Anxiety and Depression Scale scores and ReHo values in DON patients using Pearson
correlation analysis.

Research results
ReHo values of the right middle frontal gyrus (RMFG), left anterior cingulate (LAC),
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and superior frontal gyrus (SFG)/left frontal superior orbital gyrus (LFSO) were
significantly lower in DON patients compared to HCs. Among these, the greatest
difference was observed in the RMFG. The result of the ROC curves suggest that ReHo
values in altered brain regions may help diagnose DON, and the RMFG and LAC
ReHo values are more clinically relevant than SFG/LFSO. We also found that anxiety
and depression scores of the DON group were extremely negatively correlated with
the LAC ReHo values (r =-0.9336, P < 0.0001 and r = -0.8453, P < 0.0001, respectively).

Research conclusions

Three different brain regions show ReHo changes in DON patients, and these changes
could serve as diagnostic and/or prognostic biomarkers for patients with DON. They
could also guide the development of new measures to prevent and treat optic
neuropathy.

Research perspectives

We have identified three different regions of brain dysfunction in DON patients,
including the RMFG, LAC, and SFG/LFSO. The RMFG brain region has the most
significant decrease and the highest diagnostic value, suggesting that it could be used
to study how optic neuropathy develops in patients with diabetes. Changes of
spontaneous brain activity in different brain regions show different ReHo values, thus
revealing brain activity in DON patients.
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