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Abstract
BACKGROUND
Diabetic vitreous hemorrhage (DVH) is a common complication of diabetes. While the diagnostic methods nowadays only concentrate on the eye injury in DVH patients, whether DVH leads to abnormalities of other visual systems, including the eye, the visual cortex, and other brain regions, remains unknown.

AIM
To explore the potential changes of brain activity in DVH using regional homogeneity (ReHo) and their relationships with clinical features. 

METHODS
Thirty-one DVH patients and 31 matched healthy controls (HCs) were recruited. All subjects were examined by resting-state functional magnetic resonance imaging. The neural homogeneity in the brain region was estimated by ReHo method. Pearson correlation analysis was used to evaluate the relationships between average ReHo values and clinical manifestations in DVH patients.

RESULTS
Compared with HCs, the ReHo values in the bilateral cerebellar posterior lobes, right superior (RS)/middle occipital gyrus (MOG), and bilateral superior frontal gyrus were significantly increased. In contrast, in the right insula, bilateral medial frontal gyri, and right middle frontal gyrus, the ReHo values were significantly decreased. Furthermore, we found that best-corrected visual acuity of the contralateral eye in patients with DVH presented a positive correlation with the mean ReHo value of the RS/MOG. We also found that depression score of the DVH group presented a negative correlation with the mean ReHo values of the right insula, bilateral medial frontal gyrus, and right middle frontal gyrus. 

CONCLUSION
We found that DVH may cause dysfunction in multiple brain areas, which may benefit the exploration of pathologic mechanisms in DVH patients.
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Core Tip: We found that patients with diabetic vitreous hemorrhage (DVH) had abnormal spontaneous activity in many brain regions. The abnormalities of brain neural homogeneity may be associated with the altered best-corrected visual acuity of the contralateral eye and depression which occurred in DVH patients. These findings may provide important information for the understanding of neural changes in DVH patients and lay a foundation for further study.


INTRODUCTION
Diabetic vitreous hemorrhage (DVH) is a common complication of diabetes in which blood accumulates in or around the vitreous body. Vitreous hemorrhage (VH) can be associated with multiple symptoms, including visual losses, blurry vision, floaters, and photopsia[1]. The incidence of spontaneous VH is about 7 in 100000 cases[2]. Diabetes, proliferative diabetic retinopathy (DR), vitreous detachment, retinal vein occlusion (RVO), trauma, and retinal arterial aneurysms are the most common factors that lead to VH[3]. According to a survey in England, apart from diabetes mellitus, other risk factors are also present, such as hypertension and dyslipidemia[4,5]. The complications of persistent VHs are glaucoma and hemosiderosis bulbi. A mild VH may be re-absorbed spontaneously. However, in severe cases, laser photocoagulation, cryo-coagulation, and vitrectomy are the main treatments that are available[3].
Currently, computed tomography (CT) and B-scan ultrasonography are effective noninvasive technologies used to detect VH. Although information that is useful for diagnosis of VH can be provided by CT, it can only detect the integrity of the bulbus oculi, which means that it does not have a role in providing guidance for clinical treatment[4]. B-scan ultrasonography can not only be used to diagnose VH, but also identify retinal tears and retinal detachment in patients, which is of significance in planning therapeutic strategies for individuals with VH[2]. In addition, B-scan ultrasonography can be used to estimate the prognosis of VH. The diagnostic methods mentioned above only concentrate on the eye injury in VH patients. Visual systems include the visual cortex and the connecting pathways. Whether VH leads to alternations of other visual systems, including the eye and the connecting pathways through the visual cortex and other brain regions, remains unknown. 
Functional magnetic resonance imaging (fMRI), a functional brain imaging examination technique, is thought to be a widely used measurement. The regional homogeneity (ReHo) method, which can be used to assess the patterns of coherent fluctuations of the blood oxygen level dependent signal surrounding adjacent voxels of the entire brain during rest, is also able to detect spontaneous hemodynamic responses of fMRI sensitively and reliably. The ReHo method is used effectively to study the local synchronization of spontaneous fMRI signals and it is developed to estimate regional resting-state brain activity. The ReHo method has been successfully applied in our previous studies to estimate neurological conditions in certain ocular diseases such as comitant strabismus, late monocular blindness, and acute eye pain[6-8].
The present study is the first to assess the alternations in ReHo, which might help to evaluate the synchronous neural activity changes in the brains of DVH patients. We hypothesized that DVH might cause altered activity of the visual cortex.

MATERIALS AND METHODS
Participants
DVH patients (16 men and 15 women) were enlisted, among whom 15 (8 men and 7 women) had VH caused by DR, and 16 (8 men and 8 women) had VH caused by RVO. The inclusion criteria of the study were: (1) Diabetes; (2) normal vision in the affected eye before suffering sudden visual loss; (3) VH resulting from DR or RVO diagnosed by fundus camera (FC) and fluorescence fundus angiography (FFA) (in Figure 1, FC and FFA showed DR patients with scattered retinal hemorrhage and exudation around macula, and RVO patients with retinal hemorrhage, distorted retinal veins, and edema on optic disc and retina); and (4) bilateral eyes without any ocular diseases (strabismus, cataracts, retinal degeneration, amblyopia, glaucoma, optic neuritis, and so on). 
DVH patients with the following conditions were excluded: (1) A history of scleral buckle or vitreous surgery, uveitis, trauma, complicated cataracts, or glaucoma surgery; (2) VH due to ocular trauma; (3) systemic diseases, including heart disease and hypertension; (4) additions (drug, cigarette, alcohol, and so on); and (5) other disorders that would affect the ReHo measurement. 
Healthy controls (HCs) were recruited, included 16 men and 15 women matched for age, gender, and socioeconomic status with the subjects in the DVH group. All the HCs met the following criteria: (1) Diabetes without VH; (2) no abnormalities in brain parenchyma identified by the head magnetic resonance imaging (MRI); (3) no ocular diseases with best-corrected visual acuity (BCVA) >1.0; (4) no psychiatric disease; and (5) ability to be examined by MRI (no cardiac pacemaker, metallic false teeth, or implanted metal devices).
This study was approved by the Medical Ethics Committee of the First Affiliated Hospital of Nanchang University (ethical approval number: 2014022). All methods used followed the tenets of Declaration of Helsinki and complied with the principles of medical ethics. All volunteers participated in the study voluntarily, understood the purpose, methods, and potential risks, and provided written consent for the study.

Depression score assessment
Depression score (DS) assessment of all participants was performed with a questionnaire. The questionnaire used in this study was the Chinese translation of HADS which was designed by Zigmond AS and Snaith RP in 1983[9]. A higher DS means a higher level of depression.

MRI parameters
MRI scanning was carried out on a 3T MR scanner (Trio, Siemens, Munich, Germany). Whole-brain T1-weights were obtained with magnetization-prepared gradient echo images, using the following parameters: Repetition time = 1900 ms, echo time = 2.26 ms, thickness = 1.0 mm, gap = 0.5 mm, acquisition matrix = 256 × 256, field of view = 250 × 250 mm, and flip angle = 9°. Functional images with the parameters (repetition time = 2000 ms, echo time = 30 ms, thickness = 4.0 mm, gap = 1.2 mm, acquisition matrix = 64 × 64, flip angle = 90°, field of view = 220 × 220 mm, 29 axial) were corrected.

Processing of fMRI data 
The functional diagrams were analyzed as described above[6]. Briefly, the data were filtered by MRIcro (Nottingham University, Nottingham, United Kingdom), then the rest of the images were preprocessed using Statistical Parametric Mapping SPM8 (The MathWorks, Inc., Natick, MA, United States) and Data Processing Assistant for rs-fMRI DPARSFA (Institute of Psychology, CAS., Beijing, China) software. Since there was time for signals to reach equilibrium, the first ten volumes of each subject were discarded. Then, the data were processed by head motion correction and spatial smoothing. For the effects of low-frequency drift and physiological high-frequency respiratory and cardiac noise which should be lessened, the fMRI images were de-trended and band-pass filtered (0.01 – 0.08 Hz). Each voxel in the brain was calculated in a voxel-wise manner by applying a cluster size of 26 voxels based on Kendall’s coefficient of concordance (KCC). The global signal was not regressed out according to the protocol from a previous study[10]. Finally, the remaining data were flattened with a Gaussian kernel of 6 × 6 × 6 mm3 full-width at half-maximum.

ReHo statistical analysis 
ReHo computation was carried out with REST software (Institute of Psychology, CAS., Beijing, China). To estimate the consistency and comparability for individuals, ReHo analysis was carried out by counting the KCC of voxel time series for a given time series and its adjacent voxels in a voxel-wise analysis, assuming that a voxel in time is similar to its neighbors. 

Statistical analysis 
The cumulative clinical variables between patients and normal controls were analyzed using SPSS version 16.0 (SPSS Inc, Chicago, IL, United States) by an independent-sample t test. A P value < 0.05 was utilized as the cut-off for statistical significance.
A general linear model was used for statistical analysis with the SPM8 toolkit. ReHo maps were transformed to z-score maps. Areas with significant changes of frequency or overall ReHo were selected as regions of interest (ROIs). The two-sample t tests were used to examine the differences in ReHo at different frequency bands in these ROIs between the DVH groups and the HCs (P < 0.01) for multiple comparisons using Gaussian random field (GRF) theory (z > 2.3, P < 0.01, cluster > 40 voxels, AlphaSim corrected). Receiver operating characteristic (ROC) curves were used to analyze the average ReHo values in the various brain areas between the two groups. 

Brian-behavior correlation analysis 
Different brain areas between groups were classified as areas of interest using REST software according to the findings of ReHo. By calculating the average ReHo value of all voxels, the mean ReHo value for each area of interest was obtained. Pearson correlation was analyzed with GraphPad prism 7 (Graph Pad Software Inc., San Diego, CA, United States) to assess the correlations between the mean ReHo values in multiple brain areas in the DVH group and the associated behavioral performances (P < 0.05 indicates significant differences).

RESULTS
Demographics and visual measurements 
There were no significant differences in age (P = 0.967) or weight (P = 0.906), but the differences in best-corrected VA-right (P < 0.001) and best-corrected VA-left (P < 0.001) between patients with DVH and HCs were significant. Additionally, the average value of the duration of DVH was 24.15 ± 20.97 d (Table 1).

ReHo differences
Compared with HCs, patients with DVH had significantly higher ReHo values bilaterally in the posterior lobe of the cerebellum (CPL), in the right superior (RS)/middle occipital gyrus (MOG), and bilateral superior frontal gyrus (SFG) as shown in Figure 2A-C (red) and Table 2. Meanwhile, the ReHo values of the right insula, bilateral medial frontal gyrus (MFG), and right middle frontal gyrus in the DVH patient group were obviously lower than those in HCs as shown in Figure 2A and B (blue) and Table 2 (P < 0.01 for multiple comparisons using the GRF theory, z > 2.3, P < 0.01, cluster > 40 voxels, AlphaSim corrected). The means of the altered ReHo values between the two groups are presented in Figure 3. 

Correlation analysis
In the DVH group, BCVA of the contralateral eye showed a positive correlation with the mean ReHo signal value of the RS/MOG (r = 0.7313, P < 0.0001) (Figure 4A), while DS in the DVH group showed a negative correlation with the mean ReHo signal values of the right insula (r = -0.8297, P < 0.0001) (Figure 4B), bilateral MFG (r = -0.858, P < 0.0001) (Figure 4C), and right middle frontal gyrus (r = -0.6239, P = 0.0001) (Figure 4D).

ROC curve analysis
We hypothesized that the ReHo values of the altered brain regions in patients with DVH might be used as diagnostic markers for VH. The mean ReHo values in multiple brain regions were analyzed by ROC method. The area under the ROC curve stands for diagnostic rate. The areas under the ROC curves for ReHo values were as follows: Bilateral cerebellum posterior lobe 0.919; RS/MOG 0.868; bilateral SFG 0.851 (Figure 5A, DVHs > HCs); right insula 0.852; bilateral MFG 0.894; and right middle frontal gyrus 0.867 (Figure 5B, DVHs < HCs). 

DISCUSSION
VH, as an important ocular disease, raises much concern on its underlying pathogenesis and its relationship with brain function activities. A previous study reported that intracerebral hemorrhage might be responsible for VH[8]. The intracerebral hemorrhage which means the rupture of blood vessels in the brain and bleeding can be caused by traumatic brain injury, hypertension, and some other risk factors, and may lead to VH. In addition, the blood accumulated in the vitreous body can result in impaired visual function which may be involved in depression[11]. Therefore, brain regions that are associated with emotion processing may present abnormal neural activities (Figure 6).
fMRI has become widely used in clinical medicine. Compared with traditional MRI, fMRI can not only provide new insights into the pathophysiology of diseases (including anatomical structure and basic physiology) but also produce dynamic brain activation maps with a relatively high resolution in a fast and non-invasive way[12]. ReHo is an analytical method of resting state fMRI that can determine the local synchronization of spontaneous fMRI signals, as well as detect and quantitate activation sites in the brain. This method has been successfully applied in several ophthalmological diseases and is predicted to have huge prospects for further development in medicine (Table 3).
To our knowledge, this is the first study in which the ReHo technique was used to evaluate regional spontaneous neural activity changes in patients with DVH. Compared to the HCs, patients with DVH had significantly higher ReHo values in the bilateral posterior CPL, RS/MOG, and bilateral SFG. DVH patients also had lower ReHo values in the right insula, right middle frontal gyrus, and bilaterally in the MFG (Figure 7). Moreover, we found that in the DVH group, BCVA of the contralateral eye presented a positive correlation with the mean ReHo signal value of the RS/MOG (r = 0.7313, P < 0.0001). We also observed that DS of the DVH group presented a negative correlation with the mean ReHo signal values of the right insula (r = -0.8297, P < 0.0001), bilateral MFG (r = -0.858, P < 0.0001), and right middle frontal gyrus (r = -0.6239, P = 0.0001). And a higher DS means a higher level of depression. Thus, the depression level of DVH patients presented a negative correlation with the mean ReHo signal values of the three brain areas above. 
The cerebellum plays a key role in various central nervous system functions including sensorimotor control and language, spatial, and executive functions[12]. Previous studies have shown that the cerebellum may be involved in cognition, and that injuries in this region may cause cognitive dysfunction. The posterior lobe of the cerebellum is a part of the cerebellum beneath the primary fissure. Baumann et al[13] reported that inputs from the brainstem and cerebral cortex are received by the posterior CPL, and this activation is linked to happiness. Casual et al[14] found that the CPL is associated with motor control. Moreover, dysfunction of the CPL occurs in many diseases, such as comitant strabismus, primary angle closure glaucoma, and optic neuritis[6,15,16]. In our study, we found that patients with DVH showed increased ReHo values bilaterally in the CPL, which indicates dysfunctional brain activity in this structure.
Apart from the frontal eye field (FEF), the supplementary eye field (SEF) is another important brain region that is related to the oculomotor pathway of saccadic eye movements. The SEF lies in the superior area of the medial wall, the same area as the SFG. The SEF regulates saccades and the coordination of eye and hands in an indirect way. Min et al[17] demonstrated that strabismus patients with amblyopia had higher ALFF value in the right SFG. In our study, higher ReHo values were detected bilaterally in the SFG of DVH patients. We hypothesized that the hyperactivated neurons in the SFG might elicit SEF hyperfunction to compensate for the FEF hypofunction that occurs in DVH patients.
The occipital lobe is the anatomical region of the visual cortex that is closely related to visual processing. The occipital lobe contains the primary visual cortex (V1), and four other visual areas that are referred to as V2, V3, V4, and V5[18]. The primary visual cortex is a vital region that receives visual signals from the lateral geniculate nucleus. Reislev et al[19] performed diffusion tensor imaging and found that blindness is associated with decreased fractional anisotropy in the primary visual cortex. Hence, dysfunction of the occipital lobe may cause disorders of visual processing. The MOG is part of the dorsal visual stream (DVS) in the visual center which is located at the area V2[20]. The DVS is associated with spatial information analyses including motion, location, direction, and, action plans. Renier[21] et al demonstrated that the right MOG provides spatial processing of both auditory and tactile stimuli, and the activity of the MOG is associated with the performance of sound localization in humans. Thus, lesions in the MOG may affect the processing of spatial information. The superior occipital gyrus (SOG) is another region in the occipital lobe. Zhang et al[22] reported that compared with controls, female migraineurs without aura exhibited altered network properties, and that the nodal centralities in the SOG of migraine patients were significantly lower. Song et al[23] found that pituitary adenoma patients with visual impairment had significantly increased ReHo values in the left SOG. In our study, the ReHo value of the RS/MOG in patients with DVH was increased, reflecting abnormal synchronization of brain activity in the RS/MOG. In addition, we also observed that BCVA of the contralateral eye in DVH patients showed a positive correlation with the mean ReHo signal value of the RS/MOG (r = 0.7313, P < 0.0001). Thus, we inferred that DVH patients had hyperfunction of the brain involved in activities in the RS/MOG, which was related to the better BCVA of the contralateral eye. It might be explained by visual compensation of the contralateral eye after visual impairment in the eye with DVH. 
The insula lies in the lateral sulcus, and anatomically connects to the temporal, frontal, and parietal lobes[24]. Dysfunction of the insula has been found to be involved in negative emotional experiences and anxiety[25]. Moreover, abnormalities of the insula are also related to Alzheimer’s disease and epilepsy[26]. In our study, we found that DVH patients exhibited significantly lower ReHo values in the right insula, indicating that the insula was dysfunctional. Furthermore, we also observed that DS showed a negative correlation with the mean ReHo signal value of the right insula (r = -0.8297, P < 0.0001). It can be concluded that DVH patients with impaired insula function that was indicated by lower ReHo values also had a higher level of depression. Hence, we can speculate that DVH may lead to patients suffering depression and the insula that is involved in negative emotion regulation may present abnormal brain function activity. Thus, DVH severity may has a close relationship with insula function.
The MFG, including the FEF, lies in the middle of the frontal gyrus and is closely related to the empathy[27]. Additionally, the MFG is associated with negative emotion[28]. The dysfunction of the MFG is seen in plenty of psychiatric disorders. Myung et al[29] reported that reduced gray matter volume in the right MFG was observed in patients with adjustment disorder. Additionally, Gao et al[30] demonstrated that in patients with schizophrenia, ReHo of the left medial SFG was increased, which might indicate the altered local synchronization of spontaneous brain activity. In this study, we detected that DVH subjects had decreased ReHo values in the bilateral MFG, which reflected the impaired local synchronization of brain activities. Furthermore, we found that DS showed a negative correlation with the mean ReHo signal value of bilateral MFG (r = -0.858, P < 0.0001), indicating that DVH patients with lower ReHo values in the bilateral MFG may also suffer mental diseases, which is consistent with the findings of Myung et al[29]. DVH might therefore lead to depression and be associated with dysfunction of bilateral MFG.   
The middle frontal gyrus, which makes up about one-third of the frontal lobe, is located between the superior and inferior frontal sulci. It plays a vital role in cognitive function and attention[31]. Quinn et al[32] found that dysfunction of the middle frontal gyrus was associated with depression. Our previous studies reported that the middle frontal gyrus is involved in monocular blindness and acute eye pain[7,33]. In this study, we found that DVH was associated with significantly lower ReHo value in the right middle frontal gyrus, and thus can speculate that DVH may give rise to the dysfunction of the middle frontal gyrus. Moreover, we found that DS showed a negative correlation with the mean ReHo signal value of the right middle frontal gyrus (r = -0.6239, P = 0.0001), which was consistent with the findings of Quinn et al[32]. Therefore, our study suggested that DVH has a harmful influence on the right middle frontal gyrus, which might be related to depression. 

ARTICLE HIGHLIGHTS
Research background
Diabetic vitreous hemorrhage (DVH) is a common complication of diabetes. However, there are few studies that have focused on synchronous neural activities in DVH patients. Our study is the first to use the ReHo method to evaluate the synchronous neural activity changes in the brain of DVH patients.

Research motivation
The diagnostic methods nowadays only concentrate on the eye injury in vitreous hemorrhage (VH) patients, and whether VH 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 DVH and their relationship with clinical features. Our study may contribute to understanding altered neural mechanisms present in patients with DVH.

Research objectives
To investigate the underlying ReHo of brain-activity abnormalities in patients with DVH and their relationship with behavioral performance. Our findings might provide useful information for exploration of neural mechanisms in DVH patients.

Research methods
Thirty-one DVH patients and 31 matched healthy controls were recruited. All subjects were examined by resting-state functional magnetic resonance imaging. The neural homogeneity in the brain region was estimated by ReHo method. Pearson correlation analysis was used to evaluate the relationships between average ReHo values and clinical manifestations in DVH patients.

Research results
We found that DVH may cause dysfunction in multiple brain areas like bilateral cerebellar posterior lobes, right superior/middle occipital gyrus, bilateral superior frontal gyrus, right insula, bilateral medial frontal gyri, and right middle frontal gyrus. And DVH may be associated with depression that occurred in patients. There are some limitations to our study, such as the relatively small sample size. Moreover, for some subjects, the scan time was too long, so body movement could have affected the ReHo findings.

Research conclusions
We hypothesized that DVH might cause altered activity of visual cortex. Our results revealed that spontaneous activity in multiple regions of the brain changed in patients with DVH. The abnormalities of brain neural homogeneity may be associated with the altered best-corrected visual acuity of the contralateral eye and depression that occurred in DVH patients. These findings may point to altered neural mechanisms present in patients with DVH and lay a foundation for further study.

Research perspectives
We found that DVH may cause dysfunction in multiple brain areas, which may benefit the exploration of pathologic mechanisms in DVH patients. We included both right eye and left eye injury patients, which might affect the ReHo findings. Future studies should distinguish the difference and measure brain function activity changes more accurately.
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Figure Legends
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[bookmark: _Hlk49443898]Figure 1 Example of diabetic vitreous hemorrhage caused by diabetic retinopathy and retinal vein occlusion seen on fundus camera and fluorescence fundus angiography. DR: Diabetic retinopathy; RVO: Retinal vein occlusion; FC: Fundus camera; FFA: Fluorescence fundus angiography.
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[bookmark: _Hlk531436434]Figure 2 Spontaneous brain activity in patients with diabetic vitreous hemorrhage vs healthy controls. Significant activity differences were observed in the bilateral cerebellum posterior lobe, right superior/middle occipital gyrus, bilateral superior frontal gyrus, right insula, bilateral medial frontal gyrus, and right middle frontal gyrus. Red denotes higher regional homogeneity values and blue denotes lower regional homogeneity values. P < 0.001 for multiple comparisons using Gaussian random field theory (z > 2.3, P < 0.001, cluster > 40 voxels, AlphaSim corrected). R: Right; L: Left.
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[bookmark: _Hlk531436448][bookmark: _Hlk49444445][bookmark: _Hlk529054085]Figure 3 Mean regional homogeneity values between the diabetic vitreous hemorrhage and healthy control groups. ReHo: Regional homogeneity; VH: Vitreous hemorrhage; HC: Healthy control; BCPL: Bilateral cerebellum posterior lobe; RI: Right insula; BMFG: Bilateral medial frontal gyrus; RMFG: Right middle frontal gyrus; RS: Right superior; MOG: Middle occipital gyrus; BSFG: Bilateral superior frontal gyrus.
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[bookmark: _Hlk49445120][bookmark: _Hlk49445660]Figure 4 Correlations between mean regional homogeneity signal values of different areas and behavior performances. A: In diabetic vitreous hemorrhage (DVH) group, best-corrected visual acuity of the contralateral eye showed a positive correlation with the mean regional homogeneity (ReHo) signal value of the right superior/middle occipital gyrus (r = 0.7313, P < 0.0001); B: Depression score in DVH group showed a negative correlation with the mean ReHo signal value of the right insula (r = -0.8297, P < 0.0001); C: Bilateral medial frontal gyrus (r = -0.858, P < 0.0001); D: Right middle frontal gyrus (r = -0.6239, P = 0.0001). RS: Right superior; MOG: Middle occipital gyrus; BCVA: Best-corrected visual acuity; RI: Right insula; DS: Depression score; BMFG: Bilateral medial frontal gyrus; RMFG: Right middle frontal gyrus.
[bookmark: _Hlk529055127]
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[bookmark: _Hlk49445597]Figure 5 Receiver operating characteristic curve analysis of mean regional homogeneity values for altered brain regions. A: The areas under the receiver operating characteristic (ROC) curves were 0.919 [P < 0.001; 95% confidence interval (CI): 0.852-0.986] for bilateral cerebellum posterior lobe, 0.868 (P < 0.001; 95% CI: 0.777-0.959) for the right superior/middle occipital gyrus, and 0.851 (P < 0.001; 95%CI: 0.759-0.943) for bilateral superior frontal gyrus; B: The areas under the ROC curves were 0.852 (P < 0.001; 95%CI: 0.757-0.947) for the right insula, 0.894 (P < 0.001; 95%CI: 0.818-0.970) for bilateral medial frontal gyrus, and 0.867 (P < 0.001; 95%CI: 0.778-0.955) for right middle frontal gyrus. ROC: Receiver operating characteristic; AUC: Area under the curve; RI: Right insula; BMFG: Bilateral medial frontal gyrus; RMFG: Right middle frontal gyrus; BCPL: Bilateral cerebellum posterior lobe; RS: Right superior; MOG: Middle occipital gyrus; BSFG: Bilateral superior frontal gyrus.
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Figure 6 Relationship between magnetic resonance imaging images and diabetic vitreous hemorrhage. Intracerebral hemorrhage may lead to vitreous hemorrhage, and blood accumulated in vitreous body can result in impaired visual function that may be involved in depression. Brain regions that are associated with emotion processing may present abnormal neural activities.
[bookmark: _Hlk536464908]
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[bookmark: _Hlk531436479]Figure 7 Mean regional homogeneity values of altered brain regions in the diabetic vitreous hemorrhage group. Compared with the healthy controls, the regional homogeneity values of the following regions were increased to various extents: 1- cerebellum posterior lobe, bilateral (-, t = 5.9833); 2- superior/middle occipital gyrus, right (Brodmann area [BA] 19, t = 4.8595); and 3- superior frontal gyrus, bilateral (BA6, t = 5.0841), whereas the ReHo values of the following regions were decreased: 4- insula, right (BA47, t = -4.1671); 5- medial frontal gyrus, bilateral (BA10, t = -5.0857); and 6- middle frontal gyrus, right (BA9, t = -4.2382). The sizes of the spots denote the degree of quantitative changes. ReHo: Regional homogeneity.

Table 1 Demographics and clinical measurements by group
	Condition
	DVH
	HC
	t
	P valuea

	Male/female
	16/15
	16/15
	N/A
	> 0.99

	Age (yr)
	56.03 ± 4.61
	56.48 ± 4.29
	0.041
	0.967

	Weight (kg)
	60.48 ± 3.83
	61.10 ± 3.49
	0.118
	0.906

	Handedness
	31 R
	31 R
	N/A
	> 0.99

	Duration of DVH (d)
	24.15 ± 20.97
	N/A
	N/A
	N/A

	Best-corrected VA-right eye
	0.64 ± 0.05
	1.07 ± 0.03
	-7.771
	< 0.001

	Best-corrected VA-left eye
	0.66 ± 0.06
	1.06 ± 0.02
	-6.231
	< 0.001

	Duration of DM (yr)
	27.23 ± 19.89
	25.85 ± 18.28
	0.085
	0.915

	HgbA1c (%)
	5.3 ± 0.4
	4.8 ± 0.5
	0.051
	> 0.99


aP < 0.05, independent t-tests. Data shown are the mean ± SD. DVH: Diabetic vitreous hemorrhage; HC: Healthy control; N/A: Not applicable; R: Right; VA: Visual acuity; DM: Diabetes mellitus.


Table 2 Brain areas with significantly different regional homogeneity values between groups
	Brain region
	MNI coordinate
	BA
	Peak voxels
	t value

	
	X
	Y
	Z
	
	
	

	DVH > HCs
	
	
	
	
	
	

	BCPL
	-21
	-75
	-57
	/
	914
	5.9833

	RS/MOG
	30
	-78
	30
	19
	262
	4.8595

	BSFG
	-6
	-6
	78
	6
	345
	5.0841

	DVH < HCs
	
	
	
	
	
	

	RI
	33
	21
	-12
	47
	247
	-4.1671

	BMFG
	-3
	54
	15
	10
	1321
	-5.0857

	RMFG
	42
	42
	15
	9
	259
	-4.2382


The statistical threshold was set at the voxel level with P < 0.05 for multiple comparisons using Gaussian random field theory (z > 2.3, P < 0.01, cluster > 40 voxels, AlphaSim corrected). MNI: Montreal Neurological Institute; BA: Brodmann area; DVH: Diabetic vitreous hemorrhage; HCs: Healthy controls; BCPL: Bilateral cerebellum posterior lobe; RS: Right superior; MOG: Middle occipital gyrus; BSFG: Bilateral superior frontal gyrus; RI: Right insula; BMFG: Bilateral medial frontal gyrus; RMFG: Right middle frontal gyrus.


Table 3 Regional homogeneity method applied in ophthalmological diseases
	Author
	Year
	Disease
	Brain areas 

	
	
	
	UDs ＞ HCs          UDs ＜ HCs

	Song et al[11]
	2014
	Glaucoma
	RDACC; BMFG; RCAL 
	BC; BPG; BP/PG; LIPL; LCPL


	Cui et al[12]
	2014
	Diabetic retinopathy
	PLC; ACC; FL
	OL; PG

	Shao et al[6]
	2015
	Optic neuritis
	LFG; RIPL
	LCPL; LMTG; RI; RSTG; LMFG;
BACC; BMFG; L/RSFG; RPG 

	Huang et al[13]

Huang et al[14]
	2016

2016
	Comitant Strabismus 

Open-globe injury
	RITC/FG/CAL; RLG; BCG
RCPL/LG; LSTG/IFG; LIFG; LPCC/PCUN; LPrCO
	



	Huang, et al[15]
	2017
	Retinal detachment
	
	ROL; RSTG; BC; LMFG

	Tang et al[33]
	2018
	Acute eye pain
	LSFG; RIPL; LP
	LP/PG; RP/PG; LMFG

	Shao et al[34]
	2019
	Strabismus and amblyopia
	LLG; RMOG/P; BAC; LMOG; BPG
	LIFG

	Wen et al[35]
	2019
	Retinal vein occlusion
	RCPL; RFG; RITG
	RC

	Xu et al[36]
	2019
	Corneal ulcer
	RCPL; LCPL; LITG; RLG; LMFG; LAG; LCG; RAG; BSFG
	LPG; RAC


HCs: Healthy controls; RDACC: Right dorsal anterior cingulated cortex; BMFG: Bilateral medial frontal gyrus; RCAL: Right cerebellar anterior lobe; BC: Bilateral calcarine; BPG: Bilateral precuneus gyrus; BP/PG: Bilateral pre/postcentral gyrus; LIPL: Left inferior parietal lobule; LCPL: Left cerebellum posterior lobe; PLC: Posterior lobe of cerebellum; ACC: Anterior cingulate cortex; FL: Frontal lobe; OL: Occipital lobe; LFG: Left fusiform gyrus; RIPL: Right inferior parietal lobule; LMTG: Left middle temporal gyrus; RI: Right insula; RSTG: Right superior temporal gyrus; LMFG: Left middle frontal gyrus; BACC: Bilateral anterior cingulate cortex; L/RSFG: Left/right superior frontal gyrus; RPG: Right precentral gyrus; RITC/FG/CAL: Right inferior temporal cortex/fusiform gyrus/cerebellum anterior lobe; RLG: Right lingual gyrus; BCG: Bilateral cingulate gyrus; RCPL/LG: Right cerebellum posterior lobe/lingual gyrus; LSTG/IFG: Left superior temporal gyrus/inferior frontal gyrus; LIFG: Left inferior frontal gyrus; LPCC/PCUN: Left posterior cingulate cortex/precuneus; LPrCO: Left precentral operculum; ROL: Right occipital lobe; LSFG: Left superior frontal gyrus; LP: Left precuneus; RP: Right precentral; LLG: Left lingual gyrus; RMOG/P: Right Middle occipital gyrus/precuneus; BAC: Bilateral anterior cingulate; LMOG: Left middle occipital gyrus; RFG: Right fusiform gyrus; RITG: Right inferior temporal gyrus; RC: Right cuneus; LAG: Left angular gyrus; LCG: Left cingulate gyrus; RAG: Right angular gyrus; BSFG: Bilateral superior frontal gyrus; LPG: Left precentral gyrus; RAC: Right anterior cingulate. LITG: Left inferior temporal gyrus.
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