
Molecular Medicine REPORTS  22:  2291-2299,  2020

Abstract. The aim of the present study was to assess the local 
character of spontaneous brain activity in type‑2 diabetic 
patients with vitreous hemorrhage (VH) and its relationship 
with clinical features via the amplitude of low‑frequency fluc-
tuations (ALFF) method. A total of 31 subjects (15 females 
and 16 males) with type‑2 diabetic VH and 31  normal 
controls  (NCs) with similar characteristics (sex, age and 
educational level) were recruited in the present study. All 
subjects underwent resting‑state functional magnetic reso-
nance imaging scans. The local character of spontaneous brain 
activity was assessed using the ALFF method. The difference 
between the type‑2 diabetic patients with VH and NCs was 
determined using receiver operating characteristic curves. 
Pearson's correlation analysis was applied to evaluate the 
relationship between the mean ALFF values of specific brain 
areas and related clinical manifestations in type‑2 diabetic 
patients with VH. The ALFF values of type‑2 diabetic patients 
with VH were significantly increased in the right and left 
cerebellum posterior lobes, left cerebellum posterior lobe/left 
lingual gyrus and bilateral superior frontal gyrus/left postcen-
tral gyrus, compared with those obtained for NCs (P<0.05). By 
contrast, these values were significantly decreased in the left 
and right middle frontal gyri, right medial frontal gyrus/left 
anterior cingulate, right inferior frontal gyrus, right superior 

frontal gyrus, right middle frontal gyrus, right superior frontal 
gyrus/middle frontal gyrus and left middle frontal gyrus of the 
former group compared with the NCs (P<0.05). Nevertheless, 
there was no significant association between the mean ALFF 
values and clinical characteristics in different brain areas. 
Unusual spontaneous activity occurred in multiple brain 
areas, which may suggest the neuropathological mechanisms 
of visual impairment in type‑2 diabetic patients with VH.

Introduction

Diabetes mellitus is a common chronic metabolic disease 
with increasing prevalence worldwide (1). Diabetes mellitus 
may lead to eye disease and visual impairment as a result of 
abnormal blood vessels supplying oxygen and nutrients to the 
retina (2) Patients with diabetes occasionally develop fragile 
blood vessels in the retina that hemorrhage into the vitreous 
cavity of the orbit; a process termed vitreous hemorrhage 
(VH), which may lead to sudden severe loss of vision (3). VH 
is a sign of advanced diabetic eye disease (1); the incidence of 
VH is ~7 cases per 100,000 individuals worldwide and is one 
of the most common causes for the development of subacute or 
acute visual disorders (3). VH usually occurs suddenly without 
any pain and although the symptoms vary, they usually include 
sudden appearance of spots, sudden blurring of vision or even 
blindness (4). Mild VH can resolve spontaneously, whereas 
severe VH is treated through vitrectomy (5).

Since its development in the 1970s and 1980s, magnetic 
resonance imaging (MRI) has proven to be a useful non‑inva-
sive technique in diagnostic medicine and biomedical research, 
especially for evaluating the structure, function and neuro-
chemical properties of the brain (6). Functional MRI (fMRI) 
detects brain activity by measuring changes related to blood 
flow (7). Researchers can analyze cerebral blood flow and 
metabolism to explore the activation of specific regions of the 
brain, such as the visual pathways from the retina to the cortex 
and the spatial organization of the brain, and these analyses 
can assist in elucidating the pathogenesis of eye diseases (8,9).
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The amplitude of low‑frequency fluctuations (ALFF) is 
an indicator of regional spontaneous neuronal activity in 
blood oxygenation level‑dependent signals at low frequencies, 
based on the square root integral of the power spectrum (10). 
ALFF is widely regarded as a highly accurate and sensitive 
measurement method that provides an index for evaluating 
spontaneous neural activity (10). Previous studies have success-
fully used ALFF to assess the neurological status of retinal 
detachment (11), acute eye pain (12), primary angle‑closure 
glaucoma (13) and strabismus with amblyopia (9). To the best 
of our knowledge, the present study is the first to assess the 
intrinsic brain activity in type‑2 diabetic patients with VH and 
normal controls (NCs), as well as the correlation between the 
intrinsic brain activity and clinical manifestations, using the 
ALFF method. In the present study, it was hypothesized that 
VH in patients with type‑2 diabetes may induce abnormal 
activity in the visual cortex.

Materials and methods

Subjects. A total of 31 type‑2 diabetic patients with VH (sex, 
16 males and 15 females; mean age, 56.03 years; age range, 
56.03±4.61 years) were recruited from June 2017 to September 
2018 in the present study. Of these patients, 15 (eight males 
and seven females) cases were caused by type‑2 diabetic 
retinopathy and 16 (eight males and eight females) cases 
were caused retinal vein occlusion. The inclusion criteria for 
subjects were: i) Diabetes; ii) VH caused by type‑2 diabetic 
retinopathy or retinal vein occlusion (Fig. 1); iii) absence of 
bilateral ocular diseases (for example, retinal degeneration, 
optic neuritis, strabismus, amblyopia, cataracts and glaucoma); 
and (4) normal vision in the affected eyes prior to sudden 
loss of vision. The exclusion criteria for the subjects were: 
i) History of ophthalmic surgery (for example, scleral buckle 
or vitreous and glaucoma surgery); ii) VH with ocular trauma; 
and iii) history of systemic diseases (for example, heart disease, 
hypertension and psychiatric diseases.

An equal number of NCs (sex, 16 males and 15 females; 
total of 31; mean age, 56.48 years; age range, 56.48±4.29 years) 
with similar characteristics (for example, educational level, sex 
and age) to patients of the VH group were recruited from June 
2017 to September 2018 to the present study. The inclusion 
criteria were: i) Absence of brain parenchymal malformation 
reported through MRI; ii) best corrected visual acuity (BCVA) 
≥1.0, without ocular diseases; iii) absence of serious diseases 
(for example, heart disease, hypertension and psychiatric 
diseases), except type‑2 diabetes; iv) ability to undergo MRI 
examination; and v) presence of diabetes without VH.

The Ethics Committee of the First Affiliated Hospital 
of Nanchang University approved the present study. All 
methods complied with the Declaration of Helsinki. Each 
subject provided written informed consent and voluntarily 
participated after being informed of the purpose, content and 
potential risks of the present study.

Anxiety and depression score assessment. The scores for 
anxiety and depression were obtained via questionnaires using 
the self‑rating depression scale  (14) and Hamilton anxiety 
scale (15), respectively. Higher scores on these scales indicated 
a higher level of anxiety or depression (16).

MRI parameters. MRI scanning was conducted using a 3‑Tesla 
MRI scanner (Trio; Siemens Healthineers). The whole‑brain 
T1‑weights were obtained via magnetization‑prepared 
gradient echo images using parameters described in a previous 
study (13). The duration of the entire scanning sequence was 
15 min.

fMRI data analysis. The functional diagrams were analyzed 
as previously described (9). Briefly, the data were initially 
filtered through MRIcro software (www.mricro.com) (17) and 
subsequently the rest of the images were pre‑processed using 
Statistical Parametric Mapping (SPM; http://www.fil.ion.ucl.
ac.uk/spm; The MathWorks, Inc.) and the Data Processing 
Assistant for rs‑fMRI software (DPARSFA; version  4.0; 
http://rfmri.org/DPARSF; Institute of Psychology, Chinese 
Academy of Sciences). The first ten volumes from each subject 
were discarded due to the signal reaching equilibrium and 
the participants' adaptation to the scanning noise. After that, 
the head motion artifacts were corrected, and the interference 
effect was eliminated using linear regression. Finally, the data 
were standardized to meet the space criteria defined by the 
Montreal Neurological Institute (18).

ALFF analysis. The RESTing‑state fMRI data analysis Toolkit 
(REST) toolkit  (19) was applied to divide the brain areas 
with varying ALFF values of type‑2 diabetic patients with 
VH and NCs into regions of interest (ROI). The mean ALFF 
value of each ROI was obtained by averaging each primitive 
ALFF value on all voxels. A linear correlation analysis was 
performed to assess the association between the mean ALFF 
values of each ROI and the behavioral performance in type‑2 
diabetic patients with VH.

Statistical analysis. SPSS software (version 22.0; IBM Corp.) 
was used to analyze the cumulative clinical variables between 
the NC and VH groups by performing χ2 tests for categorical 
data and independent Student's t‑tests for continuous data. 
P<0.05 was considered to indicate a statistically significant 
difference. Data are presented as the mean ± SEM.

The difference in the voxel level between the two groups 
was studied using the REST toolkit with a two‑sample t‑test. 
The statistical threshold for the voxel level was set to P<0.05 
using Gaussian random field theory for multiple comparisons. 
AlphaSim was calibrated with P<0.01 and a cluster size >0.40 
voxels.

The mean ALFF values in various brain areas of type‑2 
diabetic patients with VH and NCs were classified using 
receiver operating characteristic (ROC) curves, which were 
performed using SPSS software (version 22.0; IBM Corp.).

Pearson's correlation analysis was performed using 
GraphPad Prism (version 7.0; GraphPad Software, Inc.) to 
assess the association between the mean ALFF values of 
multiple brain regions and related behavioral performances in 
the VH group.

Results

Demographics and measurements of vision. The VH and 
NC groups did not demonstrate significant differences in 
terms of age (P=0.967) and body weight (P=0.906). However, 
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a significant difference was observed between the VH 
and NC groups for BCVA‑right (P<0.001) and BCVA‑left 
(P<0.001). In addition, the mean duration of VH was 
24.15±20.97 days (Table I).

Differences in ALFF. The ALFF values in the VH group were 
significantly higher in the bilateral cerebellum posterior lobe 
(CPL), left CPL/left lingual gyrus (LG) and bilateral superior 
frontal gyrus (SFG)/left postcentral gyrus (PG) compared with 
those obtained for the NC group (P<0.05; Fig. 2 and Table II). 
Additionally, certain brain areas in the VH group displayed 
notably lower ALFF values, including the right middle frontal 
gyrus (MFG), right inferior frontal gyrus (IFG), right MFG/left 
anterior cingulate (AC), left MFG‑1, right SFG, right MFG, 
right SFG/MFG and left MFG‑2 (Fig. 2 and Table II). Changes 
in the mean ALFF values between the VH and NC groups are 
presented in Fig. 3. Nevertheless, no correlation was observed 
between the ALFF values of different brain areas and their 
manifestations in type‑2 diabetic patients with VH (P>0.05).

Correlation analysis. In the VH group, the mean ALFF signal 
values of the right MFG/left AC were negatively correlated 
with the anxiety score (r=‑0.906; P<0.0001) and depression 
score (r=‑0.854; P<0.0001; Fig. 4A and B). Notably, in the VH 

group, BCVA of the contralateral eye was positively correlated 
with the mean ALFF signal values of the left MFG (r=0.634; 
P<0.0001) and right MFG (r=0.494; P=0.004; Fig. 4C and D).

ROC curves. It was hypothesized that the difference in ALFF 
values may serve as a potential diagnostic marker for differen-
tiating type‑2 diabetic patients with VH from NCs. To verify 
this hypothesis, a ROC curve was constructed by collecting the 
mean ALFF values of various brain areas in type‑2 diabetic 
patients with VH. An area under the curve (AUC) value of 
0.5‑0.7 and 0.7‑0.9 represented lower and higher accuracy, 
respectively, of the ALFF value in the different areas of the 
brain as diagnostic markers. The AUC values of the ALFF 
values in each area were calculated. The areas of the brain 
with ALFF values that displayed high accuracy as diagnostic 
markers (VHs > NCs) were as follows: Right CPL (0.893; 
P<0.001), left CPL (0.823; P<0.001), left CPL/left LG (0.856; 
P<0.001) and bilateral SFG/left PG (0.839; P<0.001; Fig. 5A). 
Contrastingly, the areas of the brain with ALFF values that 
displayed lower accuracy as diagnostic markers (VHs < NCs) 
were as follows: Right MFG‑1 (0.847; P<0.001), right IFG 
(0.837; P<0.001), right MFG/left AC (0.890; P<0.001), left 
MFG‑1 (0.868; P<0.001), right SFG (0.864; P<0.001), right 
MFG‑2 (0.832; P<0.001), right SFG/MFG (0.781; P<0.001) and 
left MFG‑2 (0.850; P<0.001; Fig. 5B).

Relationship between MRI and VH. Based on the results of the 
present study, the hypothesized mechanism by which intrace-
rebral hemorrhage may cause VH was that the brain regions 
associated with the processing of emotions may promote 
abnormal neural activities. Subsequently, the abnormal 
neural activities may lead to cerebral hemorrhage, thus 
promoting VH, impaired visual function and mood swings, 
initiating a vicious circle (Fig. 6).

Schematic diagram of the mean ALFF values of altered brain 
regions in the VH group. ALFF values of the following regions 
in diabetic patients with VH were increased to various extents 
compared with those obtained for NCs: (1) Cerebellum poste-
rior lobe. L/lingual gyrus. L (BA 6; t=7.0388), (3) cerebellum 
posterior lobe. L (t=5.7220), (5) cerebellum posterior lobe. 
R  (t=5.1342), and (6) cerebellum posterior lobe. L/lingual 
gyrus. L (BA 18; t=5.0742). By contrast, the ALFF values 
of the following regions were decreased: (2) Middle frontal 

Figure 1. Example of vitreous hemorrhage caused by PDR and RVO observed 
using a FC and FFA. PDR, proliferative diabetic retinopathy; RVO, retinal 
vein occlusion; FC, fundus camera; FFA, fluorescence fundus angiography.

Table I. Demographics and clinical measurements by group.

Condition	 VH	NC	  t‑value	 P‑value

Male/female	 16/15	 16/15	 N/A	 >0.990
Age (years)	 56.030±4.610	 56.480±4.290	 0.041	 0.967
Weight (kg)	 60.480±3.830	 61.100±3.490	 0.118	 0.906
Handedness	 31R	 31R	 N/A	 >0.990
Duration of VH (days)	 24.150±20.970	N /A	N /A	N /A
Best‑corrected VA‑right eye	 0.640±0.050	 1.070±0.030	‑ 7.771	 <0.001
Best‑corrected VA‑left eye	 0.660±0.060	 1.06±0.020	‑ 6.231	 <0.001

Data are presented as mean ± SEM. VH, vitreous hemorrhage; NC, normal control; N/A, not applicable; R, right; VA, visual acuity.

https://www.spandidos-publications.com/10.3892/mmr.2020.11294
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gyrus. L (BA 10; t=‑6.5002), (4) medial frontal gyrus. R (BA 9; 
t=‑5.2619), (7) middle frontal gyrus. L (BA 10; t=‑4.6431), 
(8) superior frontal gyrus. R (BA 6; t=‑4.5000), (9) middle 
frontal gyrus. R (BA 10; t=‑4.4753), (10)  superior frontal 
gyrus. R/middle frontal gyrus (BA 10; t=‑3.8568), (11) middle 
frontal gyrus. R (BA 10; t=‑3.8469) and (12) inferior frontal 
gyrus. R (BA 45; t=‑3.5367) (Fig. 7).

Discussion

VH is def﻿﻿ined as the presence of extravasated blood in the 
vitreous humor (3). Cerebral hemorrhages, such as aneurysmal 

subarachnoid hemorrhages, may cause VH (20). In addition, 
these hemorrhagic brain regions are associated with emotional 
processing, which may lead to abnormal neurological activity.

fMRI is a technique for measuring brain activity by 
detecting blood flow‑related changes, that has been increas-
ingly used in research to improve understanding of the 
function of the healthy brain and the disruption of normal 
cerebral function by disease (21). The ALFF method is used in 
resting‑state fMRI to detect and quantify the activation sites 
in the brain, as well as to determine the local synchronization 
of spontaneous fMRI signals (22). Alterations in the mean 
ALLF values have been found in a variety of ophthalmic 

Figure 2. Spontaneous brain activity in diabetic patients with VH vs. NCs. (A) Different ALFF regions between the VH and NC groups. (B) Differences of 
brain activity in the cerebrum. (C) Differences of brain activity in the cerebellum. Compared with HC, red represents the brain areas with increased ALFF, and 
blue represents the brain areas with decreased ALFF in patients with VH. P<0.01 for multiple comparisons using Gaussian Random Field theory (AlphaSim 
corrected; cluster >40 voxels; P<0.01). ALFF, amplitude of low‑frequency fluctuation; VH, vitreous hemorrhage; NCs, normal controls; R, right; L, left.

Figure 3. Mean ALFF values between the VH and NC groups in the different regions of the brain. ALFF, amplitude of low‑frequency fluctuation; VH, vitreous 
hemorrhage; NC, normal control; RCPL, right cerebellum posterior lobe; LCPL, left cerebellum posterior lobe; LLG, left lingual gyrus; RMFG, right 
middle frontal gyrus; RIFG, right inferior frontal gyrus; LAC, left anterior cingulate; LMFG, left middle frontal gyrus; RSFG, right superior frontal gyrus; 
MFG, middle frontal gyrus; BSFG/LPG, bilateral superior frontal gyrus/left postcentral gyrus.
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diseases (13,23), suggesting that this method may be helpful in 
the diagnosis and treatment of such diseases (Table III).

To the best of our knowledge, the present study is the 
first to assess alterations in the inherent activity patterns in 
different regions of the brain of type‑2 diabetic patients with 
VH vs. NCs, via the ALFF method (Fig. 7). The ALFF values 
of the bilateral CPL, left CPL/left LG and bilateral SFG/left 
PG were significantly higher in type‑2 diabetic patients with 
VH vs. NCs (P<0.05). By contrast, the ALFF values of the right 
MFG‑1, right IFG, right MFG/left AC, left MFG‑1, right SFG, 
right MFG‑2, right SFG/MFG and left MFG‑2 were notably 
lower in the VH group compared to the NC group (P<0.05).

The CPL, also termed the new cerebellum, is the part 
below the primary fissure of the cerebellum (24,25). This 
region receives input from the brain stem and cortex and plays 
a vital role in fine motor coordination (26), happiness‑related 
activation (27,28) and saccadic eye movements (29). In addi-
tion, dysfunction of the CPL is linked to amblyopia with 
strabismus (9), congenital comitant strabismus (30) and optic 
neuritis (31). The present study suggested that type‑2 diabetic 
patients with VH have elevated ALFF values in the bilateral 
CPL, indicating abnormal brain activity in this region of the 
brain. Therefore, it can be speculated that type‑2 diabetic VH 

may result in motor control dysfunction and depression in 
patients.

The LG, also termed the occipitotemporal gyrus, is 
related to visual processing, analysis of logical conditions and 
encoding of visual memory (32,33). In a previous study, patients 
with primary open‑angle glaucoma exhibited decreased ALFF 
values in the right LG compared with NCs (34). However, in 
the present study it was revealed that the ALFF values in the 
left CPL/left LG of type‑2 diabetic patients with VH increased, 
indicating that VH may disrupt vision, logical analysis and 
visual memory function in the brain.

The PG is located in the lateral parietal lobe of the brain 
and plays a key role in sensory function  (35). In previous 
studies, the ALFF values in patients with primary open‑angle 
glaucoma decreased, whereas those of patients with acute 
eye pain increased (12,34). The results of the present study 
suggested that ALFF values increased in the bilateral SFG/left 
PG of type‑2 diabetic patients with VH, suggesting that VH 
may affect the sensory functions of such patients.

The medial frontal gyrus (MFG) lies in the middle of 
the frontal gyrus, along with the frontal eye fields, playing a 
vital role in the regulation of eye movement (36,37). Previous 
studies have shown that ocular muscle dysfunction may occur 

Table II. Brain areas with significantly different amplitude of low‑frequency fluctuations values between VH and NC groups.

A, VHs > NCs

	 MNI coordinates
	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Brain regions	 X	 Y	 Z	 BA	 Peak voxels	 t‑value

RCPL	 27	‑ 66	‑ 57	 /	 446	 5.1342
LCPL	‑ 42	‑ 54	‑ 57	 /	 185	 5.7220
RCPL/LCPL	‑ 54	‑ 51	‑ 30	 18	 244	 5.0742
BSFG/LPG	‑ 3	‑ 9	 78	 6	 340	 7.0388

B, VHs < NCs

	 MNI coordinates
	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Brain regions	 X	 Y	 Z	 BA	 Peak voxels	 t‑value

RMFG	 39	 42	 18	 10	 213	‑ 4.4753
RIFG	 33	 27	 0	 45	 92	‑ 3.5367
RMFG/LAC	 3	 51	 15	 9/32	 610	‑ 5.2619
LMGF	‑ 51	 9	 21	 10	 283	‑ 6.5002
RSFG	 24	 30	 51	 6	 156	‑ 4.5000
RMFG	 48	 6	 54	 10	 117	‑ 3.8469
RSFG/MFG	 6	‑ 3	 60	 10	 97	‑ 3.8568
LMFG	‑ 27	‑ 6	 51	 10	 94	‑ 4.6431

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). VH, vitreous hemorrhage; NC, normal control; MNI, Montreal Neurological Institute; BA, Brodmann 
Area; RCPL, right cerebellum posterior lobe; LCPL, left cerebellum posterior lobe; RCPL/LCPL, right cerebellum posterior lobe/left cere-
bellum posterior lobe; BSFG/LPG, bilateral superior frontal gyrus/left postcentral gyrus; RMFG, right middle frontal gyrus; RIFG/LAC, right 
inferior frontal gyrus/left anterior cingulate; LMFG, left middle frontal gyrus; RSFG, right superior frontal gyrus; RMFG, right middle frontal 
gyrus; RSFG/MFG, right superior frontal gyrus/middle frontal gyrus; LMFG, left middle frontal gyrus.

https://www.spandidos-publications.com/10.3892/mmr.2020.11294
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in ocular diseases; for example, Kang et al (11) reported that 
patients with retinal detachment had decreased ALFF values 
in the right MFG. Tan et al (30) reported that patients with 
congenital concomitant strabismus had significantly lower 
ALFF values in the bilateral MFG. Huang et al (17) demon-
strated that individuals with optic neuritis had decreased ALFF 

values in the left MFG. Similar to these findings, the data 
from the present study suggested that the ALFF value of the 
bilateral MFG was decreased in type‑2 diabetic patients with 
VH, suggesting that VH may lead to impairment of the local 
synchronization of brain activity, which may subsequently 
lead to visually‑related motor dysfunction.

Figure 5. ROC curve analysis of the mean ALFF values of the altered brain regions in VH. (A) The areas under the ROC curve were: RCPL 0.893, (P<0.001; 
95% CI, 0.814‑0.972), LCPL 0.823 (P<0.001; 95% CI, 0.723‑0.923), LCPL/LLG 0.856 (P<0.001; 95% CI, 0.761‑0.951) and BSFG/LPG 0.839 (P<0.001; 95% CI, 
0.732‑0.945). (B) The areas under the ROC curve were: RMFG‑1 0.847 (P<0.001; 95% CI, 0.748‑0.946), RIFG 0.837 (P<0.001; 95% CI, 0.739‑0.934), RMFG/LAC 
0.890 (P<0.001; 95% CI, 0.807‑0.972), LMFG‑1 0.868 (P<0.001; 95% CI, 0.782‑0.954), RSFG 0.864 (P<0.001; 95% CI, 0.773‑0.954), RMFG‑2 0.832 (P<0.001; 
95% CI, 0.724‑0.941), RSFG/MFG 0.781 (P<0.001; 95% CI, 0.666‑0.897) and LMFG‑2 0.850 (P<0.001; 95% CI, 0.754‑0.947). ROC, receiver operating character-
istic; ALFF, amplitude of low‑frequency fluctuation; RCPL, right cerebellum posterior lobe; CI, confidence interval; LCPL, left cerebellum posterior lobe; LLG, 
left lingual gyrus; BSFG/LPG, bilateral superior frontal gyrus/left postcentral gyrus; RMFG, right middle frontal gyrus; RIFG, right inferior frontal gyrus; LAC, 
left anterior cingulate; LMFG, left middle frontal gyrus; RSFG, right superior frontal gyrus; MFG, middle frontal gyrus; AUC, area under the curve.

Figure 4. Correlations between the mean ALFF value and behavioral performances in the different areas of the brain. (A) AS in the VH group displayed a nega-
tive correlation with the mean ALFF value of the RMFG/LAC (r=‑0.906; P<0.0001). (B) DS in the VH group displayed a negative correlation with the mean 
ALFF value of the RMFG/LAC (r=‑0.852; P<0.0001). In the VH group, BCVA of the contralateral eye displayed a positive correlation with the mean ALFF 
value of (C) the LMFG (r=0.634; P<0.0001) and (D) the RMFG (r=0.494; P=0.004). r, Pearson's correlation coefficient; ALFF, amplitude of low‑frequency 
fluctuation; AS, anxiety score; RMFG, right middle frontal gyrus; LAC, left anterior cingulate; DS, depression score; BCVA, best‑corrected visual acuity; 
LMFG, left middle frontal gyrus.
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The IFG located in Broca's area of the brain partici-
pates in language processing and speech production  (38). 

Figure 7. Mean ALFF values of altered brain regions in the VH group. ALFF 
values of the following regions in diabetic patients with VH were increased 
to various extents compared with those obtained for NCs: (1) Cerebellum 
posterior lobe. L/lingual gyrus. L (BA 6; t=7.0388), (3) cerebellum posterior 
lobe. L (t=5.7220), (5) cerebellum posterior lobe. R (t=5.1342), and (6) cere-
bellum posterior lobe. L/lingual gyrus. L (BA 18; t=5.0742). By contrast, the 
ALFF values of the following regions were decreased: (2) Middle frontal 
gyrus. L (BA 10; t=‑6.5002), (4) medial frontal gyrus. R (BA 9; t=‑5.2619), 
(7) middle frontal gyrus. L (BA 10; t=‑4.6431), (8) superior frontal gyrus. 
R  (BA  6; t=‑4.5000), (9)  middle frontal gyrus. R (BA 10; t=‑4.4753), 
(10) superior frontal gyrus. R /middle frontal gyrus (BA 10; t=‑3.8568), 
(11) middle frontal gyrus. R (BA 10; t=‑3.8469) and (12) inferior frontal 
gyrus. R (BA 45; t=‑3.5367). The sizes of the spots denote the degree of 
quantitative changes in the ALFF values between the VH and NC groups. 
ALFF, amplitude of low‑frequency fluctuations; VH, vitreous hemorrhage; 
NCs, normal controls; R, right; L, left; BA, Brodmann's area.

Figure 6. Relationship between magnetic resonance imaging and VH. 
Intracerebral hemorrhage may cause VH. Once VH occurs, it may affect the 
function of vision and lead to abnormal nerve activity in areas of the brain 
that are related to emotional processing. VH, vitreous hemorrhage.

Table III. Amplitude of low‑frequency fluctuations method applied in ophthalmological diseases.

	 Brain areas
	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Author, year	 Disease	 UDs > NCs	 UDs < NCs	 (Refs.)

Huang et al, 2015	O ptic neuritis	LC PL, RCPL, RITG, LPG, 	RC PL, RCAL, RP, RIFG, 	 (17)
		RI  T/FG, LFG, LCF, LIPL, 	RI , LMFG, LSTG, RSG,
		LC	   BAC/MFG, BP, RSG, RIPL
Huang et al, 2015	 Primary angle‑closure glaucoma	R PG	R MFG, LMFG, RSFG, RP, 	 (13)
			L   PG, RAG, LSFG
Li et al, 2014	 Primary open‑angle glaucoma	R MFG, RSMA	RL G, RITG, LPCG	 (34)
Tan et al, 2016	C ongenital comitant strabismus	 BCPL, LAG	 BMFG	 (30)
Tan et al, 2016	U nilateral acute open globe injury	LC , LMCC, BP	N o brain region	 (45)
Li et al, 2016	L ate monocular blindness	R MFG, LMFG, LSG	LCAL , RPG, RC, LPG/PL	 (23)
Pan et al, 2018	A cute eye pain	R PG, LPG, LC	L P/PG, RP/PG, LP	 (12)
Min et al, 2018	 Strabismus with amblyopia	R SFG, RP, LC, BPG	LC PL, LT, RT, LMFG	 (9)
Kang et al, 2019	R etinal detachment	 FSO, ITG	OL , MFG	 (11)

UD, unusual disease; NCs, normal controls; LCPL, left cerebellum posterior lobe; RCPL, right cerebellum posterior lobe; RITG, right inferior 
temporal gyrus; LPG, left parahippocampal gyrus; RIT/FG, right inferior temporal/fusiform gyrus; LFG, left fusiform gyrus; LCF, left calcarine 
fissure; LIPL, left inferior parietal lobule; LC, left cuneus; RCAL, right cerebellum anterior lobe; RP, right putamen; RIFG, right inferior frontal 
gyrus; RI, right insula; LMFG, left medial frontal gyrus; LSTG, left superior temporal gyrus; RSG, right supramarginal gyrus; BAC/MFG, 
bilateral anterior cingulate/medial frontal gyrus; BP, bilateral precuneus; RSG, right supramarginal gyrus; RIPL, right inferior parietal lobule; 
RPG, right precentral gyrus; RMFG, right middle frontal gyrus; RSFG, right superior frontal gyrus; RP, right precuneus; RAG, right angular 
gyrus; LSFG, left superior frontal gyrus; RSMA, right supplementary motor area; RLG, Right lingual gyrus; LPCG, left postcentral gyrus; 
BCPL, bilateral cerebellum posterior lobe; LAG, left angular gyrus; BMFG, bilateral medial frontal gyrus; LMCC, left middle cingulum 
cortex; BP, bilateral precuneus; LSG, let supramarginal gyrus; LCAL, left cerebellum anterior lobe; RPG, right parahippocampal gyrus; 
RC, right cuneus; LPG/PL, left precentral gyrus/paracentral lobule; LC, left caudate; LP/PG, left precentral/postcentral gyrus; RP/PG, right 
precentral/postcentral gyrus; LP, left precuneus; BPG, bilateral precentral gyrus; LT, left thalamus; RT, left thalamus; FSO, frontal superior 
orbital; ITG, inferior temporal gyrus; OL, occipital lobe; MFG, medial frontal gyrus.
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Huang et al (17) observed decreased ALFF values in the IFG 
of patients with optic neuritis. In the present study, a notable 
decline in ALFF values in the right IFG of type‑2 diabetic 
patients with VH was observed, suggesting that VH may cause 
impairment of language function in this setting.

The SFG is the marginal gyrus, accounting for approxi-
mately one‑third of the human frontal lobe (39). Using fMRI 
experiments, Goldberg et al (40) demonstrated that the SFG 
was related to self‑consciousness and coordinated with the 
movement of the sensory system. It has been previously 
reported that the ALFF value of the right SFG in strabismus 
patients with amblyopia is higher than that obtained in NCs (9). 
By contrast, the present study revealed that the ALFF values 
in the right SFG were lower in type‑2 diabetic patients with 
VH than in NCs. This finding suggested that VH may have 
negative effects on self‑consciousness and the sensory system.

The AC cortex is located on the anterior part of the cingulate 
cortex and plays a vital role in various functions, such as the 
autonomic function of regulation of blood pressure and heart 
rate, attention and emotional control (41‑43). Huang et al (17) 
revealed that lower ALFF values occurred in the left MFG, 
left superior temporal gyrus, right inferior parietal lobule and 
bilateral AC/MFG of patients with optic neuritis. In the present 
study, type‑2 diabetic patients with VH displayed lower ALFF 
values in the right MFG/left AC, indicating that VH may cause 
fluctuations in blood pressure, heart rate, attention and mood.

The main treatment options for severe cases of VH in patients 
with diabetes are laser photocoagulation, cryo‑coagulation and 
vitrectomy (44). In the future, fMRI may become a widely used 
method to observe the treatment of diabetic patients with VH via 
the detection of brain activity by measuring changes related to the 
flow of blood. However, the present study did not compare brain 
activity in type‑2 diabetic patients with VH prior to and after 
treatment. The present study reported changes in different brain 
areas of type‑2 diabetic patients with VH and therefore provides 
insight for further exploration into the pathogenesis of VH.

The present study revealed changes in spontaneous activity 
in multiple areas of the brain of type‑2 diabetic patients with 
VH. These findings may point to altered neural mechanisms 
present in type‑2 diabetic patients with VH and provide a 
foundation for conducting further research studies.
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