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Objective: This study used the regional homogeneity (ReHo) technique to explore
whether spontaneous brain activity is altered in patients with iridocyclitis.

Methods: Twenty-six patients with iridocyclitis (14 men and 12 women) and 26
healthy volunteers (15 men and 11 women) matched for sex and age were enrolled
in this study. The ReHo technique was used to comprehensively assess changes in
whole-brain synchronous neuronal activity. The diagnostic ability of the ReHo method
was evaluated by means of receive operating characteristic (ROC) curve analysis.
Moreover, associations of average ReHo values in different brain areas and clinical
characteristics were analyzed using correlation analysis.

Result: Compared with healthy volunteers, reduced ReHo values were observed in
patients with iridocyclitis in the following brain regions: the right inferior occipital gyrus,
bilateral calcarine, right middle temporal gyrus, right postcentral gyrus, left superior
occipital gyrus, and left precuneus. In contrast, ReHo values were significantly enhanced
in the right cerebellum, left putamen, left supplementary motor area, and left inferior frontal
gyrus in patients with iridocyclitis, compared with healthy volunteers (false discovery rate
correction, P < 0.05).

Conclusion: Patients with iridocyclitis exhibited disturbed synchronous neural activities
in specific brain areas, including the visual, motor, and somatosensory regions, as well as
the default mode network. These findings offer a novel image-guided research strategy
that might aid in exploration of neuropathological or compensatory mechanisms in
patients with iridocyclitis.
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INTRODUCTION

Uveitis is the most common type of inflammatory
ophthalmological disease and has been estimated to cause
up to 10% of legal blindness in the USA (1). Iridocyclitis is
an acute inflammation of the iris and ciliary body; this is the
most common pattern of uveitis, which is present in 85% of
affected patients. Typical clinical features of iridocyclitis include
eye redness, pain, blurred vision, photophobia, and miosis (2).
HLA-B27 is a common risk factor for anterior uveitis, which has
been found in ~40-70% of patients with uveitis (3). A range
of complications such as secondary glaucoma, high intraocular
pressure, cystoid macular edema, and posterior synechiae often
occur, especially in patients with HLA-B27 (4). Subsequently,
visual acuity can decrease temporarily or permanently because
of the underlying inflammatory process or ocular complications
of iridocyclitis. Moreover, a variety of patients with non-
infectious iridocyclitis exhibit immune-mediated diseases (5),
such as ankylosing spondylitis (AS), interstitial nephritis, and
sarcoidosis. Elucidation of the underlying etiology may be
challenging, because there is considerable variability in these
mechanisms (e.g., from infectious to autoimmune diseases);
however, this elucidation remains important, especially for
patients with recurrent iridocyclitis.

Over the past few years, extensive neuroimaging researches
have been conducted to evaluate cortical structural abnormalities
in patients with iridocyclitis. Multiple studies have recorded
ocular morphologic alterations affected by uveitis, including
alterations in peripapillary retinal nerve fiber layer thickness,
macular volume, and retinal thickness (6-8). Both cellular and
humoral responses to a series of retinal antigens and their
epitopes are known to occur in patients with iridocyclitis (9).
Thus, even mild ocular inflammation can affect the ocular
posterior segment, potentially leading to retinal and brain
neurodegeneration through the visual pathway (10). Moreover,
the retinal vessels have the same physiological, anatomical,
and embryological characteristics with cerebral vessels; various
quantitative and qualitative alterations involving the retinal
capillary plexuses or choriocapillaris have been observed in
patients with uveitis by means of optical coherence tomography
angiography (11, 12). In addition, patients with iridocyclitis
were shown to have a greater risk of depression and tend to
adopt negative coping strategies (13, 14). In a pilot clinical
study, Maca et al. pointed out that patients with iridocyclitis
showed symptoms of cognition impairment including cognitive
avoidance, distraction, and self-revalorization deficit through
standardized psychological questionnaires (15). However, the
abovementioned studies were limited to analyses of neuronal
morphological changes and structural abnormalities in patients
with iridocyclitis. To our knowledge, there is a lack of direct
evidence regarding altered brain function in patients with
iridocyclitis. Here, we hypothesized that iridocyclitis would
influence the functions of certain brain areas, which might
facilitate identification of the underlying neural mechanism.

Resting-state functional magnetic resonance imaging (fMRI)
permits visualization of functional changes in the whole brain
in vivo; it has the advantage of non-invasiveness, accurate

positioning, and no ionizing radiation (16). Synchronous
neuronal activity has been shown to occur in the normal
human brain, particularly during memory and learning, in
previous fMRI and electroencephalographic studies (17, 18).
Moreover, transmission of synchronous neuronal activity is
known to be involved in neuronal information processing (19).
Regional homogeneity (ReHo) is a highly reliable fMRI index
for evaluation of local synchronous neural activity patterns
at rest; it measures the coherence of the blood oxygen level-
dependent signal between the time series of a given cluster and its
nearest neighbors by using Kendall’s coefficient of concordance
(20). The principle of the blood oxygen level-dependent signal
is based on the inconsistencies in the local hemodynamics of
neurons following excitation, in order to reveal spontaneous
neuronal activity by quantifying alterations in blood oxygen
level signals (21). Areas with higher ReHo signals imply that
those brain regions have similar activities, compared with their
neighbors. In contrast to conventional seed-based functional
connectivity technique, ReHo provides the possibility to search
for abnormalities in the entire brain functional connectome
without pre-definition the region of interests. Besides, it is
more stable than amplitude of low-frequency fluctuation method
and less affected by global nuisances in the retest analysis
(22). Most previous researches have proven that the ReHo
technique is a reliable technique for application in various neuro-
ophthalmological assessments; it has been widely used to reveal
the mechanisms of ophthalmologic diseases including diabetic
retinopathy (23), optic neuritis (24), amblyopia (25), and retinal
detachment (26).

Iridocyclitis can induce both structural and functional
alterations to the retina and its vessels, thereby affecting
visual function. fMRI can be used to visualize alterations in
regional neuronal activity and serve as a valuable monitoring
modality, thereby improving disease management. Thus far,
the spontaneous brain activity patterns of patients with
iridocyclitis has been unclear. This study applied the ReHo
technique to investigate spontaneous neuronal activity in patients
with iridocyclitis.

METHODS

Participants

The study followed the tenets of the Declaration of Helsinki
and was approved by the institutional review board of the Eye
Center, Renmin Hospital of Wuhan University. Each participant
provided signed informed consent to participate in our study.
This study enrolled 26 patients with iridocyclitis (mean age
45.15 £ 14.95) and 26 healthy volunteers (mean age 45.30
+ 13.87) who were matched on the basis of sex, age, and
education. Patients with iridocyclitis enrolled in the study met
the inclusion criteria as follows: [1] diagnosis of iridocyclitis,
based on the Standardization of Uveitis Nomenclature Working
Group classification (27); [2] ability to undergo magnetic
resonance imaging scanning; [3] right-handed preference; and
[4] no history of psychotropic drug use or psychiatric diseases.
The exclusion criteria for patients with iridocyclitis were as
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follows: [1] presence of other ocular diseases (e.g., age-related
macular degeneration, high myopia, epiretinal membrane, and
glaucoma); [2] history of refractive/vitreoretinal surgery or ocular
trauma; and/or [3] systemic diseases.

Inclusion criteria for healthy volunteers were as follows: [1]
no retinal diseases such as diabetic retinopathy, cataract, or
macular edema; [2] no psychiatric or neurological disorders;
[3] no contraindications for magnetic resonance imaging
scanning; [4] right-handed preference; and [5] binocular
visual acuity > 1.0. All participants underwent a complete
ophthalmic assessment (biomicroscopy, slit-lamp examination,
best-corrected visual acuity measurement, fundus examination,
indirect ophthalmoscopy, and fluorescein angiography).

MRI Parameters

Both whole-brain functional and T1-weighted MRI scans were
carried out on a 3.0T GE MR750W scanner (GE Healthcare)
with a standard head coil. Each participant was instructed to
stay awake with eyes closed and relax their minds until the
examination was over (28, 29). The whole-brain anatomical T1-
weighted images were collected with a three-dimensional spoiled
gradient-recalled echo sequence with following parameters:
repetition time (TR)/echo time (TE), 8.5 ms/3.3 ms; gap, 0 mm;
field of view (FOV), 240 x 240 mm?; acquisition matrix, 256 x
256; thickness, 1.0 mm; and flip angle, 12°.

The whole-brain fMRI data was recorded by applying
gradient-recalled echo-planar imaging sequence with parameters
as follows: TR/TE, 2,000 ms/25ms; gap, 1.2mm, thickness,
3.0mm; FOV, 240 x 240 mm?; acquisition matrix, 64 x 64;
35 axial slices; and flip angle, 90°. The whole scanning time
was ~15min, and a total of 240 volumes of functional images
were acquired.

fMRI Data Preprocessing

Initially, functional images were checked by the MRIcro
software (http://www.MRIcro.com) to exclude unqualified data.
All preprocessing was performed using the Data Processing
& Analysis of Brain Imaging (DPARSFA4.3, Institute of
Psychology, Beijing) and the Statistical Parametric Mapping
12 (The MathWorks, Inc.) software running on Matlab 2014b
(MathWorks, Natick, MA, USA) (30). [1] Original DICOM files
were converted into NIFTTI files. [2] The first 10 volumes of each
functional time series were discarded to maintain magnetization
equilibrium. [3] The remaining 230 volumes of functional images
were modified for slice timing effects, motion corrected, and
realigned. Data from subjects whose head motion with maximum
displacement in any axis of >2.0mm or head rotation of
>1.5° were excluded. [3] Individual T1-weighted images were
registered to the mean fMRI data, and then, the resulting aligned
T1-weighted images were segmented using the Diffeomorphic
Anatomical Registration Through Exponentiated Lie Algebra
toolbox for improving spatial precision in the normalization
of fMRI data (31). All the data were ultimately normalized to
the standard Montreal Neurological Institute (MNI) space. [4]
Detrend of the time course was performed. [5] Linear regression
analysis was used to remove nuisance covariates (such as white
matter signal, six head motion parameters, and cerebrospinal

fluid signal); [5] After that, the fMRI images were band pass-
filtered (0.01-0.08 Hz) to reduce the effects of low-frequency drift
and high-frequency signals (32).

ReHo Calculation

Calculation of ReHo values for fMRI data was conducted using
REST (http://www.restfmri.net) toolbox. ReHo reflects the local
synchronization between the spontaneous activity of a given
voxel and its nearest neighboring voxels (20). ReHo is calculated
by Kendall’s coeficient of concordance with the formula below,
where W represents the Kendall’s coefficient of concordance
among given voxels; R; represents the sum rank of the time point;
n represents the number of ranks; K =27;and R=(n+ 1) K/ 2
represents the mean of the R;s. To reduce the impact of individual
variability, the ReHo index was divided by the global the mean
ReHo value. Finally, the fMRI data were smoothed with a 4 x 4
x 4 mm? full-width at half-maximum Gaussian kernel.

Y (R)? — n(R)

W= %KZ(M—n)

Statistical Analysis

Differences between participants demographic and clinical
variables were analyzed by independent sample ¢-tests or the
chi-square test using SPSS software (SPSS version 20.0, IBM
Corporation, Armonk, NY, USA). P < 0.05 was considered to
imply statistical significance. Besides, values are displayed as the
mean = standard deviation. Multiple comparison correction was
conducted using the false discovery rate (FDR) method, and the
statistical threshold for significance was set at P < 0.05. All ReHo
maps were z-transformed with Fisher’ r-to-z transformation to
reduce the impacts of individual variations for group statistical
comparisons. One-sample ¢-tests were performed to evaluate
patterns of z-value ReHo maps, and two-sample t-tests were
performed to investigate differences in ReHo values between
patients with iridocyclitis and the healthy volunteers using SPM
8 software. The specific anatomical locations of all statistically
significant results were presented as an image by BrainNet Viewer
software (https://www.nitrc.org/projects/bnv/).

Pearson’s correlation coeflicients were calculated to investigate
possible relationships between the average z ReHo of different
brain areas and clinical characteristics of patients with
iridocyclitis using SPSS software. In addition, brain areas
with a distinctly different mean ReHo values between patients
with iridocyclitis and healthy volunteers were analyzed using
the receiver operating characteristic (ROC) curve method (SPSS
version 20.0).

RESULTS

Demographics and Clinical Data

The typical anterior segment photograph of iridocyclitis is
displayed in Figure 1. There were no significant differences in
age (P = 0.97), sex (P = 0.780), and educational status (P =
0.871) between the iridocyclitis group and healthy volunteer
group. By contrast, the notable differences were observed in the
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FIGURE 1 | Typical anterior segment photograph of iridocyclitis.

best-corrected visual acuity-left and best-corrected visual acuity-
right (P < 0.001) between the two groups. More participants’
demographic data are presented in Table 1.

ReHo Differences

Figure 2 shows the spatial distributions of ReHo values of the
patients with iridocyclitis and healthy volunteers. Compared
with healthy volunteers, significantly decreased ReHo value was
observed in the patients of iridocyclitis in the following brain
regions: the right inferior occipital gyrus, the right middle
temporal gyrus, the bilateral calcarine, the right postcentral
gyrus, the left superior occipital gyrus, and the left precuneus
[FDR correction, P < 0.05; Figure 3 (blue)]. In contrast, it was
observed that the ReHo value was significantly enhanced in
the right cerebellum, the left putamen, the left supplementary
motor area, and the left inferior frontal gyrus in patients with
iridocyclitis compared with healthy volunteers [FDR correction,
P < 0.05; Figure 3 (red)]. Table 2 exhibited the altered brain
areas and corresponding information between iridocyclitis group
and healthy volunteer group (FDR correction, P < 0.05). The
average values of alterations in ReHo between the two groups
are displayed as a histogram (Figure 4). Nevertheless, no notable
correlation was observed between average ReHo values in altered
brain areas and patients’ clinical features (P > 0.05).

ROC Curve

To explore whether the distinctive ReHo signal values obtained
from the two groups could be a useful diagnostic marker to
distinguish patients with iridocyclitis from healthy volunteers,
ROC curve analysis was conducted. The areas under the ROC
curve (AUCs) were as follows: right inferior occipital gyrus
[0.815; P < 0.001; 95% confidence interval (CI), 0.693-0.937];
right middle temporal gyrus (0.815; P < 0.001; 95% CI, 0.695-
0.936), right calcarine (0.834; P < 0.001; 95% CI, 0.726-0.942),
left calcarine (0.806; P < 0.001; 95% CI, 0.683-0.930), right
postcentral gyrus (0.926; P < 0.001; 95% CI, 0.854-0.998), left
superior occipital gyrus (0.845; P < 0.001; 95% CI, 0.738-0.952),
and left precuneus (0.843; P < 0.001; 95% CI, 0.733-0.954)
(Table 3 and Figure 5A, iridocyclitis < healthy volunteers); right
cerebellum (0.833; P < 0.001; 95% CI, 0.719-0.947); left putamen
(0.891; P < 0.001; 95% CI, 0.802-0.979); left inferior frontal gyrus
(0.916; P < 0.001; 95% CI, 0.844-0.987); and left supplementary
motor area (0.879; P < 0.001; 95% CI, 0.788-0.969) (Table 3
and Figure 5B).

TABLE 1 | General clinical information of patients with iridocyclitis and healthy
volunteers.

Iridocyclitis HC group T-values P-values
group

Sex (male/ female) 14/12 15/11 N/A 0.780
Mean age (years) 45154+ 14.95 45.30 + 13.87 —0.038 0.970
Education (years) 10.96 + 3.73 11.12 +2.86 —-0.164 0.871
BCVA-OD 0.44 £ 0.27 1.16 £0.16 —11.474 <0.001*
BCVA-OS 0.43 +0.37 1.19+£0.16 —9.352 <0.001*
Handedness 26 R 26 R N/A N/A
Diagnosis of 11/15 N/A N/A N/A
iridocyclitis (right
eye/left eye)

Chi-square test for sex. Independent t-test was used for other normally distributed
continuous data. Data are presented as mean =+ standard deviation. Abbreviations:
HC, healthy control; BCVA, best-corrected visual acuity; OD, oculus dexter; OS, oculus
sinister; N/A, not applicable; R, right. *indicates statistically significant.

DISCUSSION

ReHo values represent the local spontaneous coherence of neural
activity and have been widely applied for analysis of multiple
ophthalmologic diseases (23, 26, 33), such that this technique
has considerable potential (Table 4). To our knowledge, it is the
first study in which the ReHo technique has been applied to
evaluate the effect of iridocyclitis on resting-state synchronous
brain activity. The results of this study exhibited that, compared
with healthy volunteers, patients with iridocyclitis had reduced
ReHo in the right inferior occipital gyrus, bilateral calcarine,
right middle temporal gyrus, left superior occipital gyrus, right
postcentral gyrus, and left precuneus. They also had enhanced
ReHo in the right cerebellum, left putamen, left inferior frontal
gyrus, and left supplementary motor area (Figure 6).

We found that patients with iridocyclitis generally exhibited
significant reduction of ReHo values in portions of vision-related
regions. The occipital lobe is a crucial anatomical area for visual
information processing. It also controls pupil accommodation
reflex activities and eye movements related to vision (38).
The calcarine sulcus is located in the medial surface of the
occipital lobe, within the primary visual cortex (V1). Retinal
photoreceptors take a core role in visual function. They convert
light signals to nerve impulses and transmit these impulses to
retinal ganglion cells. Numerous studies have shown that through
the visual pathway, visual signals are projected to the visual cortex
(39). Although iridocyclitis is defined as inflammation of the
iris and ciliary body, recent studies have demonstrated retinal
involvement (8, 40, 41). These findings imply that simultaneous
fluid accumulation in the retina and choroid during acute
inflammation, combined with deprivation of retinal input, might
lead to functional alterations within the visual cortex. Thus, we
presume that visual information processing in the brain might
have deteriorated in patients with iridocyclitis because of this
vision loss.

The main clusters with decreased ReHo values were observed
in the right postcentral gyrus. Anatomically, the postcentral
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-47.03 2253 -47.03 2253

FDR correction, P<0.05 FDR correction, P<0.05

FIGURE 2 | Distribution patterns of the ReHo value at the group level in iridocyclitis patients and healthy volunteers. One-sample t-test result of ReHo maps within the
iridocyclitis (A) and healthy volunteers (B). The color bar represents the t-values (FDR correction, P < 0.05). Abbreviations: L, left; R, right; FDR, false discovery rate

correction.

Comparision of different ReHo between two groups

FDR correction, P<0.05

FIGURE 3 | The comparison of different ReHo between the patients of iridocyclitis and healthy volunteers. The iridocyclitis patients displayed significantly reduced
ReHo values in the right inferior occipital gyrus, the right middle temporal gyrus, the bilateral calcarine, the right postcentral gyrus, the left superior occipital gyrus, and
the left precuneus and displayed enhanced ReHo values in the right cerebellum, the left putamen, the left supplementary motor area, and the left inferior frontal gyrus
compared with healthy volunteers (FDR correction, P < 0.05). Abbreviations: L, left; R, right; FDR, false discovery rate correction.

Frontiers in Neurology | www.frontiersin.org 5 February 2021 | Volume 12 | Article 609929


https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://www.frontiersin.org/journals/neurology#articles

Tong et al.

ReHo Study in Iridocyclitis Individuals

TABLE 2 | Brain regions with significantly different ReHo signal values between the iridocyclitis patients and healthy volunteers.

Conditions Brain regions Cluster size MNI coordinates t-score of peak voxel
X Y z
IC < HCs Right inferior occipital gyrus 37 27 —-87 -3 —3.8763
IC < HCs Right middle temporal gyrus 64 45 —69 —6 —4.0949
IC < HCs Right calcarine 268 24 —57 9 —5.2475
IC < HCs Left calcarine 30 -12 —63 18 —4.2266
IC < HCs Right postcentral gyrus 1,234 30 —66 42 —7.0129
IC < HCs Left superior occipital gyrus 88 —21 —-87 18 —4.5975
IC < HCs Left precuneus 118 —12 —42 57 —4.5016
IC > HCs Right cerebellum 157 18 —42 -39 5.1730
IC > HCs Left putamen 54 —-12 3 -9 4.9854
IC > HCs Left inferior frontal gyrus 96 —45 27 9 5.3275
IC > HCs Left supplementary motor area 58 -9 6 63 4.2742

X, ¥, and z are the locations of the peak voxels in standard MNI coordinates. The statistical threshold was set at P < 0.05 after FDR correction. Abbreviations: IC, iridocyclitis; MNI,

Montreal Neurological Institute.

15

1.04
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Mean ReHo signal values
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FIGURE 4 | The average values of changed ReHo signal values between the
iridocyclitis patients and healthy volunteers.

gyrus belongs to the primary somatosensory cortex (S1), which
receives somatosensory input from the thalamocortical systems
and sends these inputs to other parts of the somatosensory
cortex (42). The postcentral gyrus participates in various sensory

TABLE 3 | ROC curves for the mean ReHo of changed brain areas.

Conditions Brain regions AUC P values 95% ClI

IC < Healthy volunteers  Right inferior 0.815 <0.001 0.693-0.937
occipital gyrus

IC < Healthy volunteers  Right middle 0.815 <0.001 0.695-0.936
temporal gyrus

IC < Healthy volunteers  Right calcarine 0.834 <0.001 0.726-0.942

IC < Healthy volunteers  Left calcarine 0.806 <0.001 0.683-0.930

IC < Healthy volunteers  Right 0.926 <0.001 0.854-0.998
postcentral
gyrus

IC < Healthy volunteers  Left superior 0.845 <0.001 0.738-0.952
occipital gyrus

IC < Healthy volunteers  Left precuneus 0.843 <0.001 0.733-0.954

IC > Healthy volunteers  Right 0.833 <0.001 0.719-0.947
cerebellum

IC > Healthy volunteers  Left putamen 0.891 <0.001 0.802-0.979

IC > Healthy volunteers  Left inferior 0.916 <0.001 0.844-0.987
frontal gyrus

IC > Healthy volunteers  Left 0.879 <0.001 0.788-0.969
supplementary
motor area

Abbreviations: IC, iridocyclitis; AUC, area under the ROC curve; Cl, confidence interval.

perceptions (such as the temperature and position perceptions)
and is also involved in the central processing of the pain,
tactile stimuli, and sense of touch (43, 44). Some neuroimaging
researches have reported that multiple pain-related diseases are
related to S1 dysfunction, including acute eye pain and low
back pain (33, 45). Consistent with those findings, the reduced
ReHo values observed in our study indicate that patients with
iridocyclitis may exhibit abnormal local synchronization in the
postcentral gyrus due to clinical symptoms of chronic recurrent
eye pain. Furthermore, the postcentral gyrus is reportedly
strongly associated with spontaneous activity in the primary
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FIGURE 5 | ROC curve analysis of the average ReHo of altered brain areas. ROC curve in ReHo values: (A) iridocyclitis < healthy volunteers: right inferior occipital
gyrus [0.815; P < 0.001; 95% confidence interval (Cl), 0.693-0.937], right middle temporal gyrus (0.815; P < 0.001; 95% Cl, 0.695-0.936), right calcarine (0.834; P
< 0.001; 95% Cl, 0.726-0.942), left calcarine (0.806; P < 0.001; 95% Cl, 0.683-0.930), right postcentral gyrus (0.926; P < 0.001; 95% Cl, 0.854-0.998), left
superior occipital gyrus (0.845; P < 0.001; 95% Cl, 0.738-0.952), and left precuneus (0.843; P < 0.001; 95% Cl, 0.733-0.954); (B) iridocyclitis > healthy volunteers:
right cerebellum (0.833; P < 0.001; 95% CI, 0.719-0.947), left putamen (0.891; P < 0.001; 95% ClI, 0.802-0.979), left inferior frontal gyrus (0.916; P < 0.001; 95%

Cl, 0.844-0.987), and left supplementary motor area (0.879; P < 0.001; 95% ClI, 0.788-0.969). Abbreviations: IC, iridocyclitis; AUC, area under the ROC curve.

TABLE 4 | Regional homogeneity method applied in ophthalmological diseases.

First author Year Disease References
Chen et al. 2017 Glaucoma (34)
Dan et al. 2019 Retinitis pigmentosa (29)
Shao et al. 2015 Optic neuritis (35)
Huang et al. 2017 Retinal detachment (26)
Huang et al. 2016 Concomitant strabismus (24)
Huang et al. 2017 Late monocular blindness (36)
Yang et al. 2019 Amblyopia 37)
Liao et al. 2018 Diabetic retinopathy (23)
Tang et al. 2018 Eye pain (39)

visual areas and is jointly activated with the occipital visual areas
during visual imagery tasks (46). In support of these findings, we
found patients with iridocyclitis showed lower ReHo area in the
right postcentral gyrus compared to healthy volunteers, which
may suggest a harmful effect on the postcentral gyrus.

The functions of the middle temporal gyrus are complex
and diverse. It participates in the composition of the visual
ventral processing stream and primary auditory projection, as
well as in brain functional activities such as visual memory and
semantic processing (47). The results of the present study showed
that iridocyclitis may influence the visual memory functions
of affected patients. In addition, the middle temporal gyrus is
a critical component of the default mode network, which is
primarily activated in the resting state and exhibits reduced

® Decreased ReHo

Increased ReHo

FDR correction, P<0.05

FIGURE 6 | ReHo results of spontaneous neuronal activity in the iridocyclitis
group. Compared to the healthy volunteers, the ReHo value of iridocyclitis
patients in regions 1-6 was decreased to various extents, while the value of
regions 7—10 was increased: [1] right inferior occipital gyrus (t = —3.8763), [2]
right middle temporal gyrus (t = —4.0949), [3] right calcarine (t = —5.2475), [3]
left calcarine (t = —4.2266), [4] right postcentral gyrus (t = —7.0129), [5] left
superior occipital gyrus (t = —4.5975), [6] left precuneus (t = —4.5016), [7]
right cerebellum (t = 5.1730), [8] left putamen (t = 4.9854), [9] left inferior
frontal gyrus (t = 5.3275), and [10] left supplementary motor area (t = 4.2742).
Note: Spot sizes indicate degrees of quantitative changes. Abbreviations:
ReHo, regional homogeneity; FDR, false discovery rate correction.

activity in the task-based state. The default mode network is
related to cognition, emotional processing, self-reflection, and
memory; its dysfunction has been observed in many diseases,
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such as depression and Alzheimer’s disease (48, 49). Thus far,
several studies have explored vision-related quality of life and
mental health status in patients with uveitis (13, 14). Qian et al.
found that depression is a major comorbidity in patients with
ocular inflammatory disease, while Hoeksema et al. reported
that patients with HLA-B27-anterior uveitis exhibited more
depressive symptoms and negative coping strategies, compared
with controls (15, 50). In this study, the results displayed reduced
ReHo values in the middle temporal gyrus in patients with
iridocyclitis, compared with healthy volunteers, suggesting that
patients with iridocyclitis might exhibit dysfunction in terms of
cognition and emotion regulation.

As a component of the superior parietal lobule and the core
of the frontoparietal central-executive network, the precuneus
connects with the adjacent visual cortical regions and with
visual areas in the cuneus (51). Utevsky et al. demonstrated
that the precuneus also serves as a critical component of the
default mode network (52). Functionally, the precuneus has a
key part in various highly integrated tasks, such as visuomotor
coordination, episodic memory retrieval, visuospatial imagery, as
well as working memory (53, 54). Thus, the reduction of ReHo
signal values in the precuneus might reflect impaired precuneus
function in the iridocyclitis group.

Notably, we observed that patients with iridocyclitis displayed
enhanced ReHo values in regions of the right cerebellum.
This brain area participates in multiple functions, especially
motor control. Damage to the cerebellum may result in
dysfunctions of movement, affective regulation, and visuomotor
coordination (55, 56). Iridocyclitis is known to be the foremost
clinical characteristic of ankylosing spondylitis in a subset of
patients. Li et al. found that patients with ankylosing spondylitis
exhibited enhanced activation in the cerebellum anterior lobe
on fMRI (57). Consistent with those findings, we also observed
patients with iridocyclitis exhibited increased ReHo values in
the cerebellum. Therefore, we hypothesize iridocyclitis may
contribute to compensatory motor function enhancement in
the cerebellum.

The putamen is a large nucleus of the basal ganglia that
participates in motor control and constitutes a core component
of the basal ganglia network (58). Furthermore, the putamen is
closely associated with learning (59). We observed that patients
with iridocyclitis exhibited enhanced ReHo values in the left
putamen. Therefore, we speculate iridocyclitis might contribute
to functional alteration of the putamen. The finding of enhanced
spontaneous neuronal activity in the left supplementary motor
area further indicates the potential compensatory mechanism of
the motor function in the patients of iridocyclitis.

The ROC curve indicates the reliability of the results. AUC
values of 0.7-0.9 are presumed to indicate perfect accuracy,
values of 0.5-0.7 are considered moderate accuracy, and values
<0.5 are considered low accuracy. The ROC curve analysis in
our study revealed that AUCs in each brain area exceeded 0.8,
which suggested that those specific ReHo differences had high
diagnostic accuracy in identification of iridocyclitis. In summary,
our results indicate that the ReHo method might constitute a
sensitive fMRI measurement for the future diagnosis of patients
with iridocyclitis.

There were several limitations in this study. First, the impacts
of physiological noise (e.g., respiratory fluctuations, head motion,
and cardiac fluctuation) were not completely eliminated and
might reduce the specificity of the results. To improve the
reliability of ReHo, careful optimization and preprocessing of
the data (such as linear regression analysis) can be performed.
Second, relatively minimal data were included in the analysis,
which may have restricted the generalizability of the results
and the corresponding statistical power. In a future study,
we will include additional data and conduct a multicenter
investigation to verify the current findings. Further parameters,
including comprehensive clinical assessments and the duration
of iridocyclitis in affected patients, will also be included in the
correlation analysis. Third, in addition to spontaneous neural
activity in the brain measured by ReHo, multimodal MRI
imaging technologies should be applied to further investigate the
brain function alterations in individuals with iridocyclitis.

CONCLUSION

Our study demonstrated that patients with iridocyclitis exhibited
disturbed synchronous neural activities in specific brain areas,
including the visual, motor, and somatosensory regions, as
well as the default mode network, compared with healthy
volunteers. These results might offer valuable information for
use in investigation of the neuropathological or compensatory
mechanisms in patients with iridocyclitis and suggest a potential
approach for further treatment development.
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