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Short Communication
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This research investigates the characteristics of spontaneous brain
activity in dysthyroid optic neuropathy patients using the regional
homogeneity technique. Sixteen patients with dysthyroid optic neu-
ropathy and 16 thyroid-associated ophthalmopathy patients with-
out dysthyroid optic neuropathy were recruited, matched for weight,
height, age, sex, and educational level. All participants underwent
resting-state functional nuclear resonance imaging, and the charac-
teristics of spontaneous brain activity were evaluated using the re-
gional homogeneity technique. Each participant in the dysthyroid
optic neuropathy group also completed the Hospital Anxiety and De-
pression scale. Receiver operating characteristic curves were used to
compare brain activity between the two groups. Pearson correlation
analysis evaluated the relationship between regional homogeneity
and clinical manifestations in dysthyroid optic neuropathy patients.
In addition, we analyzed the correlation between Hospital Anxiety
and Depression scale and regional homogeneity. We found that
the regional homogeneity values at the corpus callosum/cingulate
gyrus and parietal lobe/middle frontal gyrus significantly decreased
in dysthyroid optic neuropathy patients. Regional homogeneity val-
ues at the corpus callosum/cingulate gyrus and parietal lobe/middle
frontal gyrus were negatively correlated with Hospital Anxiety and
Depression scale and disease duration. It was found that the regional
homogeneity signal values were significantly lower than in thyroid-
associated ophthalmopathy without in dysthyroid optic neuropathy,
which may indicate a risk of regional brain dysfunction in dysthyroid
optic neuropathy. The results show that regional homogeneity has
the potential for early diagnosis and prevent dysthyroid optic neu-
ropathy. In addition, the findings suggest possible mechanisms of
dysthyroid optic neuropathy optic nerve injury. They may provide a
valuable basis for further research on the pathological mechanisms
of dysthyroid optic neuropathy.
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1. Introduction
Thyroid-associated ophthalmopathy (TAO) is a common

extrathyroid autoimmune disease involving orbital tissue. In
severe cases, irreversible visual impairment can be caused by
corneal ulcers and optic neuropathy [1]. Dysthyroid optic
neuropathy (DON) is the most severe complication, with an
incidence of 4%–8% [2] in TAO patients. The early symp-
toms of TAO are subtle and can gradually develop into vision
loss, visual field defect, color vision abnormality, and even
blindness [3].

The pathophysiological mechanism of DON may be as
follows: (1) The most widely accepted view is that the re-
lated immune-mediated inflammatory response activates and
releases a large number of inflammatory mediators, secret-
ing hydrophilic glycosaminoglycans and causing extraocular
muscle swelling which directly compresses the optic nerve at
the orbital apex [4]; (2) Retinal ganglion cell (RGC) damage
may be caused by high intraocular pressure [5]; (3) Excessive
orbital content may cause stretching and injury of the optic
nerve [6]; (4) Optic nerve fiber compression and obstructed
circulation may result in denervated atrophy [7]. The visual
pathway leads from RGC axons to the occipital lobe of the
visual cortex. It is composed of the optic nerve, optic chiasm,
optic tract and optic radiations. Lesions in different parts of
the pathway can lead to different degrees of visual impair-
ment [8].

Thyroid hormones play essential roles in neuron differen-
tiation, neuron formation, myelination and synaptic produc-
tion [9]. In rats, a decrease in serum thyroid hormone level
has been found to decrease myelin basic protein expression
and number of oligodendrocytes, leading to abnormal op-
tic nerve function [10]. Thyroid disease patients commonly
have visual dysfunction, with the abnormality of correspond-
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ing brain regions [11]. Thus, visual pathway anomalies in
DON may be accompanied by visual dysfunction, and early
detection is vital for timely diagnosis and treatment of DON.

Magnetic resonance imaging (MRI) is a standard technol-
ogy in clinical diagnosis and biological research. It has grad-
ually become the most widely used imaging method with an
annual growth rate of 12% and has begun to replace inva-
sive biopsy as a diagnostic method [12]. In addition, MRI has
been widely used in the study of brain structure and func-
tion. Functionalmagnetic resonance imaging (fMRI) is based
on the blood oxygen level-dependent (BOLD) effect, reflect-
ing regional brain neural activity under different conditions,
and achieving the goal of non-invasive specific observation
of brain function in vivo [13]. The use of this approach to
analyze the visual pathway and related brain regions may be
helpful in the study of pathogenesis and pathophysiology of
eye disease.

In an active brain region, the responses within voxels are
consistent in time series. Regional homogeneity (ReHo) re-
flects the degree of synchronization of neuronal activities in
the brain region by calculating the temporal consistency of
each voxel with its adjacent voxels. An increase in ReHo
value indicates the more homogeneous activity of functional
neurons in the local brain region, while reduced ReHo points
to more disordered activity. ReHo accurately and reliably re-
flects visual information processing and can study brain ac-
tivity in eye disease. Our previous research has successfully
used the ReHomethod to evaluate the internal ulcer [14], di-
abetic retinopathy [15], late monocular blindness [16], clas-
sic trigeminal neuralgia [17], acute eye pain [18], retinal de-
tachment [19], universal acute open-globe injury [20], dia-
betic vitreous pathogenesis [21], optical neuritis [22], comi-
tant strabismus [23], and strabismus with amblyopia [24].
Therefore, ReHo is of great significance in evaluating spon-
taneous brain activity.

2. Materials andmethods
2.1 Subjects

From October 2016 to October 2019, 16 DON patients
and 16 TAO patients without DON were recruited (all pa-
tients were diagnosed by doctors with the title of attending
doctor or above in the Ophthalmology and Endocrinology
Department). Six males and ten females were included in
each group, and the two groups were matched in age, height
and education level. The hospital ethics committee approved
the study and in accordance with the Helsinki declaration.
After being informed about the trial and its potential risks,
each participant signed a declaration of informed consent.

Selection criteria for all participants were as follows: (1)
Age 20–70 years; (2) Meeting the classic TAO diagnostic cri-
teria established by Bartley in 1995 (exophthalmos with pro-
trusion ≥19 mm and interocular difference >2 mm, or ex-
traocular muscle involvement with hypertrophy and limited
eye movement), specifically thyroid dysfunction with eyelid
retraction or without eyelid retraction but with abnormal

exophthalmos, optic nerve dysfunction or extraocular mus-
cle involvement. Patients with similar signs caused by other
eye diseases were excluded; (3) No previous eye surgery,
hormone, radiotherapy, or immunosuppressive treatment.
The diagnostic criteria for DON patients, based on clini-
cal records, were as follows: TAO patients with visual im-
pairment and having at least one of the following criteria:
(i) Best-corrected visual acuity <0.8; (ii) Visual mean defect
(MD) <-5 dB; (iii) Significant abnormality in visual evoked
potential (VEP); (iv) Abnormal pupil light reflex; (v) Color
vision abnormality. Fundus lesions caused by DON can be
seen in Fig. 1.

Participants with TAO and without DON had no symp-
toms indicative of DON.

Patients with the following conditions were excluded
from either group: (1) Ocular symptoms or visual abnormal-
ities caused by eye pain, retinal disease, cataract, glaucoma or
other conditions; (2) Corneal ulcer caused by the incomplete
eyelid closure characteristic of TAO; (3) Systemic disease in-
cluding hypertension, heart disease, diabetes, cerebrovascu-
lar disease, or brain trauma; (4) Psychiatric or neurological
disease; (5) Patients with drug addiction.

2.2 MRI parameters
DON patients were diagnosed as DON by ophthalmolo-

gists and endocrinologists and underwent MRI examination
after hospitalization. A trio 3-Tesla MRI scanner (Siemens
Healtineers) was used for MRI recording, with the partic-
ipant in an awake, quiet state with eyes closed. The dura-
tion of the scanning sequence was 15 min and it included 176
structural images and 240 functional images. The specific pa-
rameters are shown in Table 1.

2.3 Functional magnetic resonance imaging data analysis
MRIcro software (www.mricro.com) was used to clas-

sify the data and to exclude incomplete data. To maintain
the magnetization balance, the first 15 time points were dis-
carded. Using the advanced version of rs-fMRI data pro-
cessing assistant (DPARSFA4.0, http://rfmri.org/DPARSF),
head movement was corrected, and the spatial position and
slice timing were normalizedthe form conversion of medical
digital imaging communication (DICM) was completed. The
full-width smoothing was performed using the rs-fMRI data
analysis tool (REST) and statistical parameter mapping soft-
ware (SPM8), using a Gaussian kernel function at six× six×
six mm3. Data with displacement of at least 1.5 mm along the
x, y or z axis or angular displacement were excluded from the
analysis. Head motion artifacts were removed using the six-
motion parameter technique. The standard echo plane image
template was used to ensure data met the spatial standard of
the Montreal Neurological Institute (MNI). Images were de-
trended and bandpass-filtered (0.01–0.08 Hz) to improve ac-
curacy and reduce bias caused by respiratory or cardiac noise.

2.4 Correlation analysis
All patients completed the Hospital Anxiety and Depres-

sion Scale (HADS). Graphpad prism 8 (GraphPad Software
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Fig. 1. Example of dysthyroid optic neuropathy seen on fundus camera and fluorescence fundus angiography. Fundus color images (A) showed
optic papillomedema with ill-defined boundaries and no significant change in FFA (B).

Table 1. Information AboutMRI Parameters.
Data acquisition Scanning parameters of structural images Scanning parameters of functional images

Patient
Sex

Male 6 6
Female 10 10
Age, average range 54.85± 5.02 53.09± 5.16

Scan parameters
Repetition time/echo time 1900/2.26 ms 2000/30 ms
Thickness/gap 1.0/0.5 mm 4.0/1.2 mm
Acquisition matrix 256 × 256 64 × 64
Field of view 250 × 250 mm 220 × 220 mm
Flip angle 90° 90°

Abbreviations: MRI, magnetic resonance imaging.

Inc., San Diego, CA, USA) was used to analyze the re-
lationship between HADS and ReHo in the corpus callo-
sum/cingulate gyrus and parietal lobe/middle frontal gyrus
using a criterion P-value of< 0.001.

2.5 Statistical analysis

SPSS version 24.0 (SPSS Inc, Chicago, IL, USA) software
was used to compare demographic and clinical data. P values
less than 0.05 were considered statistically significant. Voxel
activity was compared between the two groups using the
REST software (http://www.restfmri.net). When perform-
ing multiple comparison corrections, the statistical thresh-
old of voxel-level was 0.05. Receiver operating characteris-
tic (ROC) curves were used to analyze changes in the ReHo
values of DON patients. In addition, the Pearson correlation
analysismethodwas used to explore the linear correlation be-
tween ReHo values and HADS in specific brain regions.

2.6 Ethical approval

All research methods were in accordance with the 1964
Helsinki declaration and its later amendments or comparable
ethical standards.

3. Results

3.1 Demographics and visual measurements

No significant difference between the groups in terms of
gender, age, weight or handedness. However, there were dif-
ferences between the two groups in BCVA-right (P < 0.05)
and BCVA-left (P < 0.05). See Table 2 for details.

3.2 ReHo differences

ReHo values at the corpus callosum/cingulate gyrus and
the parietal lobe/middle frontal gyrus were significantly
lower in the DON group than the TAO group (see Fig. 2 and
Table 3 for details).

3.3 Correlation analysis

In the DON group, the ReHo values at the corpus cal-
losum/cingulate gyrus and the parietal lobe/middle frontal
gyrus were negatively correlated with HADS scores (r = –
0.931 and –0.894 respectively; P < 0.001) and with dura-
tion of DON (r = –0.883 and –0.865 respectively; P < 0.001)
(Fig. 3).

3.4 ROC curve

We speculated that the ReHo value could potentially be
used as an index to distinguish the DON group from other
TAO participants. To test this hypothesis, brain region-
specific ReHo values of recordings from DON participants
were plotted using ROC curves.
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Table 2. Basic information of participants.
Condition DON TAO without DON t P-value*

Male/female 6/10 6/10 N/A >0.99
Age (years) 54.85± 5.02 53.09± 5.16 0.218 0.714
Weight (kg) 64.12± 7.16 59.16± 7.06 0.125 0.902
Handedness 16R 16R N/A >0.99
Duration of DON (ws) 3.81± 1.94 N/A N/A N/A
Best-corrected VA-left eye 0.35± 0.20 1.05± 0.10 −3.137 0.012
Best-corrected VA-right eye 0.55± 0.25 1.05± 0.10 −3.783 0.021
Latency (ms)-right of the VEP 123.12± 10.04 103.04± 5.26 3.731 0.007
Amplitudes(uv)-right of the VEP 6.61± 2.32 14.19± 1.67 −7.542 0.004
Latency (ms)-left of the VEP 119.12± 8.32 101.12± 3.61 5.395 0.011
Amplitudes (uv)-left of the VEP 11.09± 3.17 15.12± 2.52 −4.135 0.011

Notes: Independent t-tests comparing two groups (P < 0.05).
Abbreviations: DON, dysthyroid optic neuropathy; TAO, thyroid-associated ophthalmopathy; HCs, healthy
controls; N/A, not applicable; VA, visual acuity; VEP, visual evoked potential; R, right.

Fig. 2. Spontaneous brain activity in DON and TAO groups. (A) Blue shadow represents the strength of the signals. The corpus callosum/cingulate
gyrus and parietal lobe/middle frontal gyrus exhibit lower signals (P < 0.005 for multiple comparisons using Gaussian random field theory, cluster >99
voxels, AlphaSim corrected). (B) The mean ReHo signal value between the two groups. ReHo values at the corpus callosum/cingulate gyrus and the parietal
lobe/middle frontal gyrus were significantly lower in the DON group than in the TAO group.
Abbreviations: DON, dysthyroid optic neuropathy; TAO, thyroid-associated ophthalmopathy; ReHo, Regional Homogeneity.

As shown in Fig. 4, the areas under the ROC curves were
0.933 (P < 0.0001; 95% CI: 0.821–1.000) for the corpus callo-
sum/cingulate gyrus and 0.938 (P < 0.0001; 95% CI: 0.826–
1.000) for parietal lobe/middle frontal gyrus.

4. Discussion

The purpose was to investigate whether there are differ-
ences in the ReHo values of the brain regions of TAOpatients
with and without DON. The research results may provide a
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Table 3. Brain areas with significantly different ReHo values between the DON and TAOwithout DON.

Brain areas
MNI coordinates

Number of voxels t value
X Y Z

DON< TAO without DON
Corpus callosum/cingulate gyrus −21 −21 24 621 −5.3864
Parietal lobe/middle frontal gyrus 21 0 30 638 −5.3204

Notes: The statistical threshold was set at a voxel level with P < 0.005 for multiple compar-
isons using Gaussian random field theory (AlphaSim corrected at cluster >99 voxels, P <

0.05).
Abbreviations: ReHo, Regional Homogeneity; TAO, thyroid-associated ophthalmopathy;
MNI, Montreal Neurological Institute; DON, dysthyroid optic neuropathy.

Fig. 3. The correlations of HADS scores and signal values in different brain regions. (A) The ReHo values at the corpus callosum/cingulate gyrus were
negatively correlated with HADS scores. (B) The ReHo values at the parietal lobe/middle frontal gyrus were negatively correlated with HADS scores. (C) The
ReHo values at the corpus callosum/cingulate gyrus were negatively correlated with duration of DON. (D) The ReHo values at the parietal lobe/middle frontal
gyrus were negatively correlated with duration of DON.
Abbreviations: HADS, Hospital Anxiety and Depression Scale; ReHo, Regional Homogeneity; DON, dysthyroid optic neuropathy.

basis for the early diagnosis of DON in TAO patients, allow-
ing timely intervention to halt or slow disease progression.
The ReHo method was also used in our previous studies on
anomalies in neural brain function (Table 4, Ref. [14–24]).

As shown in Fig. 5, the ReHo values at the corpus callo-
sum/cingulate gyrus and parietal lobe/middle frontal gyrus
were significantly decreased in DON patients. The corpus
callosum is a bundle of fibers connecting the left and right
cerebral hemispheres. Its pathological changes can cause in-
tellectual disability, disturbance of consciousness, psychiatric

and behavioral abnormalities [25]. The cingulate gyrus, lo-
cated between the cingulate sulcus and the corpus callosum
sulcus, is the cortical component of the limbic system [26].
However, the functions of the anterior and posterior cingu-
late gyri are not the same. The anterior cingulate gyrus is re-
lated to many complex physical and visceral motor functions
and pain responses.

In contrast, the posterior cingulate gyrus is involved in
monitoring of sensory, stereotactic, and memory functions
[27]. In addition, the posterior cingulate gyrus plays a vital
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Fig. 4. ROC curve analysis of the mean ReHo values for altered brain
regions. The area under the ROC curve were 0.933 (P < 0.0001; 95% CI:
0.821–1.000) for Corpus Callosum/Cingulate Gyrus, and 0.938 (P < 0.0001;
95% CI: 0.826–1.000) for the Parietal Lobe/Middle Frontal Gyrus.

role in eye movement and visuospatial processing [28]. The
cingulate cortex is composed of different anatomical fields.
Neuroimaging studies have shown that different cingulate
cortex areas have mutual sensory, social, and goal-directed
information processing activities [29]. Studies of mild cog-
nitive impairment in Parkinson’s disease have found that the
thickness of the anterior cingulate cortex (ACC) and poste-
rior cingulate cortex (PCC) is reduced, and regional cere-
bral blood flow changes in the PCC and anterior and mid-
dle cingulate cortex are associated with levels of language
intelligence quotient and ACC executive function. In addi-
tion, the cingulate cortex is associated with apathy and visual
hallucination [30], with the neural projection from ACC to
ventral hippocampus controlling the expression of contex-
tual fear generalization [31]. A functional connectivity anal-
ysis showed that traumatic exposure might lead to abnormal
local and network connectivity in individuals with or with-
out post-traumatic stress disorder, with reduced connectiv-
ity between the dorsal anterior cingulate cortex and the right
hippocampus [32]. According to the “emotion theory”, sig-
nals related to emotion travel via the hippocampus, fornix,
papillary body and anterior thalamic nucleus to the cingulate
gyrus known as the ‘emotional cortex’. Stereotactic lesions of
the bilateral anterior cingulate gyrus have been found to treat
refractory mental disorders [33].

We observed that the ReHo values at the corpus callo-
sum/cingulate gyrus were significantly reduced in DON, in-
dicating that the neural activity in this area was decreased.
We speculate that this is due to the abnormal visual pathway

Table 4. Regional Homogeneity method applied in
ophthalmological diseases.

Author Year Disease

Xu MW et al. [14] 2019 corneal ulcer
Liao XL et al. [15] 2019 diabetic retinopathy
Huang X et al. [16] 2017 late monocular blindness
Xiang CQ et al. [17] 2019 classic trigeminal neuralgia
Tang LY et al. [18] 2018 acute eye pain
Huang X et al. [19] 2017 retinal detachment
Huang X et al. [20] 2016 universal acute open-globe injury
Zhang YQ et al. [21] 2020 diabetic vital pathogenesis
Shao Y et al. [22] 2015 optical neuritis
Huang X et al. [23] 2016 comitant strabismus
Shao Y et al. [24] 2019 strabismus and amblyopia

caused by optic neuropathy, consistent with the abnormal vi-
sual function found inDONpatients. In addition, correlation
analysis showed that weak corpus callosum/cingulate gyrus
activity occurred in participants with higher levels of anxi-
ety and depression and longer duration of DON, which may
indicate that DON patients aremore prone to anxiety and de-
pression.

The parietal lobe is located behind the central sulcus. The
transverse parietal sulcus divides the parietal lobe into supe-
rior and inferior parietal lobules. This lobe supports the ad-
vanced cognitive functions of human beings. Its size is related
to mathematical and logical abilities; in particular, the size of
the posterior parietal lobe is positively correlated with these
functions [34]. Studies have shown that the parietal lobe
plays a vital role in language processing. It integrates sensory
and motor information, a function closely related to trans-
forming voice-based expression into instructions to drive ac-
tion [35]. The sensory information of the primary and sec-
ondary somatosensory areas reaches the lower parietal lobe
through the upper parietal lobe. Visual sensory information
is processed by the dorsal visual pathway and reaches the in-
ferior parietal lobule, the inner parietal sulcus and the pre-
cuneus lobe.

In contrast, auditory information is transmitted from the
posterior parietal lobe. The inferior parietal lobe and the in-
ner parietal sulcus are related to upper limb movement and
memory, suggesting somatic, audiovisual and vestibular sen-
sory information processing, and even an essential role in
cognition and movement [36]. It should be noted that the
cortex of the posterior parietal lobe is the critical node in
the anatomical network connecting the visual and (anterior)
frontal cortex, temporal lobe and part of the frontal cor-
tex. The upper longitudinal tract and its components work
together with the arcuate and middle longitudinal tracts to
transmit visual function [37]. Since the middle frontal gyrus
mediates the interaction between dorsal and ventral atten-
tion networks (VANs) and is connected with the two net-
works, attentional control plays an essential role[38]. Tran-
scranial stimulation of the middle frontal gyrus affects the
critical nodes of the time-varying brain network, resulting
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Fig. 5. The mean ReHo values of altered brain regions. Compared with the TAO, the ReHo values of the following regions were decreased to various
extents: 1—Corpus Callosum/Cingulate Gyrus (t = –5.3864), 2—Parietal Lobe/Middle Frontal Gyrus (t = –5.3204).
Abbreviations: DON, dysthyroid optic neuropathy; TAO, thyroid-associated ophthalmopathy; ReHo, Regional Homogeneity.

Table 5. Brain region alternation and its potential impact.
Brain regions Experimental result Brain function Anticipated results

Corpus callo-
sum/Cingulate
gyrus

DON < TAO without
DON

Advanced neurological, physical, mental and
visceral activity, pain response, sensory mon-
itoring and stereotactic, and memory

Emotional and memory disorders, behavioral ab-
normalities, hallucinations, slow reaction and
other mental disorders, hunger, thirst, sexual be-
havior abnormalities, gastrointestinal peristalsis
and other visceral dysfunction symptoms

Left inferior
temporal gyrus

DON < TAO without
DON

High cognitive function, vision, language un-
derstanding and emotion regulation

Cognitive impairment, facial agnosia, semantic de-
mentia and emotional disorder

Abbreviations: DON, dysthyroid optic neuropathy; TAO, thyroid-associated ophthalmopathy.

in the reorganization of the brain network module [39]. In
addition, studies have shown that the middle frontal gyrus
is associated with memory storage, executive and decision-
making abilities and depression [40].

Reduced parietal lobe/middle frontal gyrus ReHo values
in the DON group may indicate decreased neural activity in
this region. The HADS score was negatively correlated with
the ReHo value of parietal lobe/middle frontal gyrus (r = –
0.894; P < 0.001), indicating that the decrease of ReHo score
inDON is accompanied by an increasedHADS score and sug-
gesting that DON patients are more prone to anxiety and de-
pression than TAO patients without DON. In addition, the
duration of DON was negatively correlated with the ReHo
value at the parietal lobe/middle frontal gyrus, suggesting a
reduced function in this region with prolongation and pro-
gression of the disease. This may reflect changes to brain net-
work nodes in this region, resulting in the impairment of re-
lated brain functions, and suggests a pathological mechanism
of DON.

5. Conclusions
The ReHo method was used to investigate the changes

in neural activity and brain function in DON patients. It
was found that the ReHo signal values of the cortex callo-

sum/cingulate gyrus and parietal lobe/middle frontal gyrus
in DONwere significantly lower than in TAOwithout DON,
which may indicate a risk of regional brain dysfunction in
DON (Table 5). Once DON occurs, it can cause severe symp-
toms such as eye pain, diplopia, blurred vision, and even
blindness. The results demonstrate that ReHo has potential
as a method of early diagnosis and prevention of DON. In
addition, the findings suggest possible mechanisms of DON
optic nerve injury, which have been poorly understood, and
may provide a valuable basis for further work on the patho-
logicalmechanisms of DON.However, it is worth noting that
there are still some limitations in our work, such as small
sample size, may lead to biased results, samples from the same
hospital may have regional bias, the MRI scanning process
may have artifacts due to patient uncertainty, etc. In our fu-
ture research, we will modify and improve the above aspects
to make the research results more reliable.

Abbreviations
DON, dysthyroid optic neuropathy; ReHo, Regional Ho-

mogeneity; TAO, thyroid-associated ophthalmopathy; rs-
fMRI, resting-state functional nuclear resonance imaging;
HADS, Hospital Anxiety and Depression; ROC, Receiver op-
erating characteristic; AUC, area under the curve.
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