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ABSTRACT

This study investigated functional alterations in the cerebral network of patients with hypertensive retinopathy
(HR) by resting-state functional magnetic resonance imaging (rs-fMRI) and degree centrality (DC) methods. 31
patients with HR along with 31 healthy controls (HC) closely matched in gender and age were enrolled for the
research. All participants were examined by rs-fMRI, and the DC method was applied to evaluate alterations in
spontaneous cerebral activity between the 2 groups. We used the independent samples t test to evaluate
demographic and general information differences between HR patients and HCs. The 2-sample t test was used
to compare the DC values of different cerebral regions between the 2 groups. The accuracy of differential
diagnostic HR was analyzed by receiver operating characteristic (ROC) curve method for rs-fMRI DC values
changes. Pearson’s correlation coefficient was applied to determine the correlation between differences in DC
in specific cerebral areas and clinical manifestation. Results showed that DC values were higher in the left
cerebellum posterior lobe (LCPL), left medial occipital gyrus (LMOG), and bilateral precuneus (BP) of HR
patients compared to HCs. Mean DC values were lower in the right medial frontal gyrus/bilateral anterior
cingulate cortex of HR patients. Anxiety and depression scores were positively correlated with DC values of
LMOG and LCPL, respectively. Bilateral best-corrected visual acuity in HR patients was negatively correlated
with the DC value of BP. Hence, changes in DC in specific cerebral areas of patients with HR reflect functional
alterations that provide insight into the pathophysiologic mechanisms of HR.

INTRODUCTION Hypertension can damage the retina, choroid, and optic

nerve circulation, thereby affecting the anatomic and
Hypertensive retinopathy (HR) is a systemic physiologic functions of the eye including vision, [2, 3]
manifestation of hypertension (Figure 1). The fundus of and causing secondary morbidities such as ischemic
the eye is the only part of the body where blood vessels optic neuropathy and retinal vascular occlusion that
and any changes thereof can be directly observed, may lead to loss of vision [1]. HR is detected in 2%—
which can reveal vascular diseases in other areas [1]. 14% of nondiabetic people aged >40 years [4].
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Common signs of retinopathy in patients with
hypertension include microaneurysms, cotton spots,
hard exudation, and bleeding, among others. HR can be
divided into vasoconstriction, hardening, and exudation
stages [5]. Up to now, the main treatment modality for
HR patients has been systemic antihypertensive therapy
based on the severity of the disease [6].

The retina develops as part of the brain, [7] which is one
of the most severely affected areas in people with
hypertension [8]. The retinal artery and the cerebral
microcirculation share common embryologic, anatomic,
and physiologic characteristics [9]. HR patients are at
risk of death from cardiovascular and cerebrovascular
diseases [10]. The risk of stroke is nearly 3 times higher
in patients with moderate or severe retinopathy as
compared to healthy subjects. Retinal signs of HR and
retinopathy are related to the slow progression of brain
white matter and cerebral microvascular disease.
Changes in white matter are visible as hyperintense
signals by magnetic resonance imaging (MRI) [11].
Subtle changes in retinal blood vessels have been linked
to subclinical cerebrovascular diseases such as stroke
diagnosed by MRI and symptomatic or asymptomatic
lacunar infarction in healthy individuals [12-14]. Thus,

HR is not only associated with abnormalities in blood
vessels and retina but also involves alterations in
cerebral activity, although this has not been extensively
studied.

Resting-state functional (rs-fMRI) is a noninvasive
imaging technique that reveals large fluctuations in
spontaneous low-frequency (<0.1 Hz) signals in
functionally related cerebral areas, which is widely
utilized for cerebral functional connectivity (FC)
studies. Rs-fMRI detects spontaneous neuronal activity
in the resting state of human brain, [15, 16] and has the
advantages of simplicity and ease of application, which
is useful when examining patients with reduced
coordination and cerebral diseases such as Alzheimer
disease, [17] multiple sclerosis, [18] and stroke. Brain
MRI has revealed subclinical brain damage in
asymptomatic hypertensive patients, [19] while a rs-
fMRI study showed that changes in cerebral structure
including gray matter abnormalities were detectable in
hypertensive patients [20].

Recently, network analysis based on graph theory has
been applied to investigations of brain FC. Degree
centrality (DC) is a functional connection algorithm

Figure 1. Examples of retinal fundus photography (above) and fluorescence fundus angiography (below) in the HR patients
and HC group. Notes: (A) shows the left retinal fundus photos of patients with hypertensive retinopathy and (B) shows the left retinal
fundus photos of normal people. (C) shows left fluorescence fundus angiography in patients with hypertensive retinopathy, and (D) shows
corresponding fluorescence fundus angiography in normal subjects. (A, C) Correspond to the same person, and (B, D) correspond to another

person.
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based on graph theory that is a useful adjunct to MRI [21,
22]. DC considers each voxel as a node and calculates the
number of functional connections between each node and
other nodes, which indirectly reflects the status of a
specific brain area FC. Up to now, DC has been used to
analyze neural networks in patients with type 2 diabetes
and severe obstructive sleep apnea as well as ophthalmic
diseases including angle-closure glaucoma, high myopia,
advanced monocular blindness, open eyeball injury, and
comitant exotropia strabismus [23-27] (Table 1). At
present, the diagnosis of HR is mainly limited to fundus
examination, and there is still a lack of relevant research
on the effect of HR-induced cerebral functional activities.
Severe HR patients may experience headache and
significant loss of vision [28]. As DC is an important
method to study the changes of cerebral functional
activity, it has the advantages of non-invasiveness and
convenience, and it is one of the important technologies
to apply DC method to study the changes of cerebral
functional activity in HR patients. However, it has not
been previously applied to investigations of HR.
Moreover, clinical data for cerebral activity in HR are
scarce. In order to solve the above problems, we studied
the changes of cerebral FC in patients with HR by rs-
fMRI and DC analysis methods.

MATERIALS AND METHODS
Participants

Our study was approved by the Medical Ethics
Committee of the First Affiliated Hospital of Nanchang
University, and all subjects signed the informed consent.
In addition, all the research process was conducted in
accordance with the Declaration of Helsinki.

A total of 31 HR patients (16 males and 15 females)
were recruited at the ophthalmology department of the
hospital from August 2018 to October 2019. The
criteria for diagnosing HR were as follows: 1) fundus
examination performed based on a systematic diagnosis
of stage 2 or above hypertension (systolic blood
pressure > 140mmHg or diastolic blood pressure >
90mmHg); [29] and 2) a record of microaneurysms,
retinal hemorrhage, cotton thread spots, exudate,
arteriovenous  crossing, arteriolar  stenosis, and
papilledema, which were used to classify retinopathy.

Retinopathy was graded according to the Keith-\Wagener
classification as follows: [30] Grade I, mild retinal artery
stenosis or sclerosis; Grade Il, moderate arterial stenosis
with arteriovenous crossing; Grade Ill, arterial stenosis
and large arteriovenous crossover changes accompanied
by bleeding, exudates, and cotton spots; and Grade 1V,
severe grade Il with papilledema. Subject exclusion
criteria were as follows: 1) history of eye surgery,

diabetes, and/or nervous system disease; 2) unable to
undergo MRI scanning for subjective and objective
reasons; 3) alcohol intake >30 g/day; and 4) old or
multiple cerebral infarctions in the MRI scan. We also
recruited 31 healthy volunteers (16 males and 15
females) from various communities in Nanchang City,
Jiangxi Province, China as the healthy control (HC)
group, which was matched in terms of age and sex ratio
to the HR group. All HCs were accorded with the
following conditions: 1) no ophthalmic or neurologic
diseases; 2) head MRI scan showing normal brain
parenchyma; and 3) no contraindications for MRI.

Correlation analysis

All participants were evaluated with the best corrected
visual acuity (BCVA) test and Hospital Anxiety and
Depression Scale (HADS). We used Prism 8 software
(GraphPad Inc, La Jolla, CA, USA) to analyze the
linear correlations between DC values of bilateral
precuneus (BP) and BCVA of bilateral eyes; of the
left cerebellum posterior lobe (LCPL) and depression
score (DS); and of the left medial occipital gyrus
(LMOG) and anxiety score (AS).

Brain MRI and data processing

We have used an 8-channel head coil 3-T MR scanner
(Trio; Siemens, Munich, Germany) to obtain T1-
weighted images. MRIcro (https://www.MRIcro.com)
was used to prefilter all functional data and DPARSF
(https://www.rfmri.org/DPARSF)  was  used  for
preprocessing, with the first 10 volumes discarded to
eliminate potential artifacts from scanner instability or
the surrounding environment. We ultimately obtained
230 rolls of functional images covering the entire brain.
Additional details can be found in a previous report [22].

DC analysis

REST software (http://www.restfmri.net) was used for
DC analysis. By filtering the preprocessed image
(0.01 Hz<f<0.08 Hz), the noise which affected the
image analysis and processing procedure can be
eliminated. The DC values of HR patients and HCs
were calculated. In addition, the following Fisher
transformation formula was used to convert the
correlation coefficient into a Z value, thus further
improving the normality:

7 _ DC, —mean,,
' std,,
where Z; is the Z score of the i voxel; DC; is the DC
value of the i voxel; meanan is the average of all voxels
in the brain structure; and stdq is the standard deviation.
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Table 1. DC method applied in ophthalmology-related diseases.

Authors Year

Diseases

Cai et al [23] 2015
Huang etal [24] 2019
Tan et al [25] 2018
Wang et al [26] 2017
Hu et al [27] 2018

Primary angle-closure glaucoma before and after surgery
Late monocular blindness
Adult comitant exotropia strabismus
Acute unilateral open globe injury

High myopia

Abbreviation: DC, degree centrality.

Statistical analysis

Demographic and clinical data were analyzed using SPSS
v20.0 software (SPSS Inc, Chicago, IL, USA). The
relevant data of the subjects were tested for normality. To
compare the differences between the HR group and the
HC group, the independent sample t-test was used and
the significance level was set as P<0.05. The 2-sample t
test was used to detect the differences of mean DC values
in each cerebral region between the HR and HC groups
using same software; after Gaussian correction, the
statistical threshold was also set to P<0.05. We identified
specific cerebral regions with significant differences in
DC values between the two group participants and
inferred that differences in DC values in these cerebral
regions could serve as potential markers for the
differential diagnosis of HR. Receiver operating
characteristic (ROC) curve analysis was used to test this
hypothesis. Area under the ROC curve (AUC) values of
0.5-0.7 and 0.7-0.9 were considered to reflect low and
high diagnostic accuracy, respectively.

RESULTS
Characteristics of the study population

The clinical course of HR in patients was 1.66+£12.65
years. The HR and HC groups showed statistically
significant differences in BCVA, systolic blood
pressure, and diastolic blood pressure (P<0.05).
However, there were no significant differences in sex
(P>0.99), age (P=0.756), body weight (P=0.804),
dominant hand (P>0.99), or heart rate (P=0.067). In
addition, eight men and seven women in the HR group
had a family history of hypertension, while none of the
subjects in the HC group had a family history of
hypertension. In terms of smoking status, there were 8
males and 7 females in both the HR group and HC
group with smoking status (Table 2).

Alterations in DC in HR

The DC values of right medial frontal gyrus
(RMFG)/bilateral anterior cingulate (BAC) were

significantly reduced, whereas the values of LCPL,
LMOG, and BP were increased in HR patients
compared to HCs (Figure 2). And the Figure 3 showed
the  differences in DC  values between
the 2 groups. DC values of RMFG/BAC, LCPL,
LMOG, and BP differed significantly between the 2
groups (Table 3).

Linear correlation analysis

The results showed that the DC values of BP were
negatively correlated with the values of BCVA-L
(LogMAR) (r=—0.8218, P<0.0001) (Figure 4A) and
BCVA-R (LogMAR) (r=—0.8553, P<0.0001) (Figure
4B). DC values of LMOG and LCPL were positively
correlated with AS (r=0.9001, P<0.0001) (Figure 4C)
and DS (r=0.9710, P<0.0001) (Figure 4D),
respectively.

Diagnostic utility of altered DC values for HR

The DC values of the posterior cerebellum differed
significantly between the HR patients and HCs. We
speculated that this could serve as a diagnostic marker
to distinguish the 2 groups. Further, we evaluated the
mean DC values of specific brain regions in patients
with HR by ROC curve analysis. The AUCs were as
follows: LCPL, 0.855 (P<0.001; 95% confidence
interval [CI]: 0.760-0.951); LMOG, 0.792 (P<0.001;
95% CI: 0.675-0.909); BP, 0.816 (P<0.001; 95% CI:
0.711-0.920); and RMFG/BAC, 0.822 (P<0.001; 95%
Cl: 0. 717-0.926) (Figure 5).

DISCUSSION

fMRI based on blood oxygenation levels is a useful
method for investigating functional networks of the
human brain. DC reflects the average strength of
connectivity between each voxel and all voxels in the
whole cerebrum, characterizing the significance of
nodes in the network. DC is the most reliable centrality
measure in large-scale network studies, which can
quantify the importance of cerebral network nodes and
reflect the attributes of functional network hubs [31]. In
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Table 2. Conditions of participants included in the study.

Condition HR HCs t P-value*
Male/female(M/F) 16/15 16/15 N/A >0.99
Family history of hypertension(M/F) 8/7 N/A N/A N/A
Smoking status(M/F) 8/7 817 N/A N/A
Age (years) 54.35+6.87  51.36+6.86  0.178 0.756
Weight (kg) 69.64+4.42 65574575  0.202 0.804
Handedness 31R 31R N/A >0.99
Duration of HR (years) 31.66+12.65 N/A N/A N/A
Best-corrected VA-left eye 0.66+0.17 1.05+0.25 -3.764 0.007
Best-corrected VA-right eye 0.57+0.21 1.10+0.20  -3.835 0.003
Confrontation VF Full Full -N/A N/A
SBP (mmHg) 166425 116+18 9.037  <0.001
DBP (mmHg) 101+15 76+11 2.142 0.016
HR1(beats per minute) 69412 62+14 0.825 0.067

* p <0.05 Independent t-tests comparing two groups, Data shown as mean

* standard deviation.
Abbreviations: DBP, diastolic blood

pressure;

HR,

Hypertensive

retinopathy; HR1, heart rate; HCs, normal controls; VA, visual acuity; N/A,
not applicable; SBP, systolic blood pressure; VF, Visual field.
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Figure 2. Display of DC values in different brain regions. Notes: Significant differences in DC were observed in (A, B) shows the
changes in DC in the cerebral cortex, and (C) shows the changes in DC in the cerebellum. The yellow regions indicate higher DC values.
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addition, DC method can provide objective and
comprehensive information of resting-state functional
connectivity in the whole brain network, and this
method has more advantages than functional
connectivity and regional homogeneity [32]. Finally,
DC has the characteristics of noninvasive and
convenient, which makes it widely used in the study of
cerebral function. Therefore, we applied rs-fMRI and
DC analysis to determine whether changes in FC in the
brain have diagnostic utility for HR. Rs-fMRI results
showed that compared with HCs, LCPL, LMOG and BP
DC values of HR patients increased, but RMFG/BAC
has a reduced DC value (Figure 6).

The posterior lobe is located between the cerebellar
and posterolateral fissures, occupying most of the
cerebellum. In addition to participating in coordinated
motion control, the posterior cerebellar lobe is
involved in cognitive, emotional, and visual
processing. Lesions in this area can result in
cerebellar cognitive affective syndrome, [33] which is
characterized by impaired visuospatial processing,
language skills, and emotional regulation. The
cerebellum also regulates mood and cognitive

1.5

1.0

Mean DC value
o
[é)]
|
|

experience, [34] and cerebellar dysfunction has been
linked to mood disorders including bipolar disorder,
and depression [35]. In our research, the intrinsic
cerebral FC of LCPL was enhanced in HR patients.
We used the HADS to assess anxiety and depression
in all participants and found that the DC value of
LCPL was positively correlated with DS in the HR
group. This result reflected that the enhancement of
cerebral FC in LCPL of HR patients was closely
related to depression. We considered the negative
impact of diminution of vision due to HR on patients'
quality of life and emotional intelligence. This effect
was reflected in the significant enhancement of
cerebral FC in LCPL. In addition, alternations in the
neural activity of LCPL may also be the underlying
pathological basis of depression in HR patients.
Therefore, in the process of clinical diagnosis, if the
LCPL functional activities of HR patients were found
to be abnormal, it was necessary to closely observe
their emotional activities to avoid the accumulation of
negative emotions and affect their physical health.

The occipital lobe contains most of the visual cortex
and functions as a hub connecting visual input to

e HRs
B HCs

Altered DC regions

Figure 3. Voxel-wise comparison of DC in the HR and healthy control group. Notes: The mean DC values between the HR and HC
groups. Abbreviations: DC, degree centrality; HRs, hypertensive retinopathy; HCs, healthy controls.
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Table 3. Brain regions with significant difference in DC between HR patients and HCs.

MNI coordinates

Conditions Brain regions < Y 7 Peak voxels t-value
HRs>HCs Left Cerebellum Posterior Lobe -30 -66 -54 167 4.48
Left Medial Occipital Gyrus -30 -69 36 40 4.33
Bilateral Precuneus 9 -60 66 234 3.98
HRs<HCs Right Medial Frontal Gyrus/Bilateral 12 45 21 557 535

Anterior Cingulate

Notes: The statistical threshold was set at voxel with P<0.01 for multiple comparisons using false discovery rate.
Abbreviations: DC, degree centrality; BA, Brodmann area; HR, hypertensive retinopathy; HC, healthy control; MNI, Montreal

Neurological Institute.

higher-order cognitive processing centers. The MOG is
located outside the striatum of the visual cortex and is
engaged in visual motor processing and spatial analysis
[36]. Changes in local nerve activity in the occipital lobe
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are linked to the speed of visual information processing,
spatial memory, and overall cognitive ability. The
thickness of the MOG is significantly increased in
patients with early-onset blindness, [37] which is
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Figure 4. Correlations between the DC values of different regions and the clinical behaviors in HR group. (A, B) Correlations
between the DC values of bilateral precuneus and best-corrected visual acuity. The DC values of bilateral precuneus were positively
correlated with the values of BCVA-L(LogMAR) (r=-0.8218, p<0.0001) (A) and BCVA-R (LogMAR) (r=-0.8553, p<0.0001) (B). (C, D) Correlations
between the DC values of specific cerebral regions and the Hospital Anxiety and Depression Scale. The DC values of the left middle occipital
gyrus were positively correlated with AS (r=0.9001, p<0.0001) (C); and the DC values of the left cerebellum posterior lobe were positively
correlated with the DS (r=0.9710, p<0.0001) (D). Abbreviations: DC, degree centrality; AS, anxiety scores; DS, depression scores.
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Figure 5. ROC curve analysis of the mean DC values for altered brain regions. Notes: (A) The area under the ROC curve were 0.855,
(p<0.001; 95% Cl: 0.760-0.951) for LCPL, LMOG 0.792 (p<0.001; 95% Cl: 0.675-0.909), BP 0.816 (p<0.001; 95% Cl: 0.711-0.920). (B) The area
under the ROC curve was 0.822 (p<0.001; 95% ClI: 0. 717-0.926) for RMFG/BAC. Abbreviations: DC, degree centrality; ROC, receiver operating

characteristic; LCPL, left cerebellum posterior lobe; LMOG, left middle occipital gyrus; BP, bilateral precuneus; RMFG/BAC, right medial
frontal gyrus/ bilateral anterior cingulate.

® Increased DC

® Decreased DC

| Impaired visual function

Vitreous body

Vitreous
bleeding

Figure 6. The mean DC values of altered brain regions in the hypertensive retinopathy group. Notes: Compared with the HCs, the
DC values of the following regions were increased to various extents: 1- Cerebellum Posterior Lobe. L (-, t=4.4835), 2- Medial Occipital Gyrus.
L (BA19, t=4.3309) and 3- Precuneus. B (-, t=3.9827), whereas the DC value of the following region was decreased: 4- Medial Frontal Gyrus/B

Anterior Cingulate. R (-, t = -4.2564). The sizes of the spots denote the degree of quantitative changes. Abbreviations: DC, degree centrality;
HCs, healthy controls; L, left; R, right; B, Bilateral; BA, Brodmann's area.
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considered to be the result of compensation. Of the
multiple brain regions related to depression and anxiety,
[38] the OG is associated with personal emotions [39].
An rs-fMRI analysis of alterations in baseline cerebral
activity of adult patients with social anxiety disorder
who had not received pharmacologic treatment found
that the amplitude of low-frequency fluctuation of
bilateral MOG was significantly increased, indicating
changes in brain function [40]. Thus, aberrant activities
in the MOG were related to negative emotions such as
anxiety. In our study, the DC value of LMOG was
increased in HR patients and was positively correlated
with AS. As indicated by the above analysis, the main
functions of MOG involved the processing of visual
information and emotional intelligence. We speculated
that the decreased visual acuity caused by HR, and the
MOG region significantly enhanced the functional
activities of this cerebral region to compensate for the
abnormal visual acuity, and accelerated the processing
of visual information. On the other hand, due to the
limitation of the compensatory effect, the vision of HR
patients was still difficult to return to normal, and the
patients may have abnormal emotional states such as
anxiety. Our study found that the functional activity of
LMOG was closely related to anxiety. This further
validated our hypothesis.  Therefore, clinical
examination should pay close attention to the potential
relationship between functional activity in this cerebral
region and negative emotion and the functional state of
the visual system.

The precuneus is part of the posterior parietal cortex,
located on the medial hemisphere of the cerebrum.
Some scholars pointed out that individuals with early-
onset blindness showed activation of the precuneus in
Brodmann’s area 7 during visuospatial imaging tasks
[41]. Additionally, the precuneus plays an important
role in guiding spatial attention, attentional shifts, plot
memory and retrieval, and encoding and extracting
spatial positions [42]. It also coordinates the neural
networks of the temporal, parietal, and occipital lobes to
extract detailed visuospatial information [43]. In this
study, the DC value of the BP was increased in HR
patients and was negatively correlated with the BCVA
(LogMAR) of bilateral eyes. In our analysis above, it
was shown that the main role of precuneus was to
participate in the analysis and processing of spatial
information, which was closely related to the visual
system. Similar to LMOG, BP cerebral regions were
also involved in the compensatory restoration of vision
in HR patients. In addition, the linear regression
analysis showed that the worse the visual acuity of
patients caused by HR, the more significant the
compensation effect of BP was, and the more active the
functional activity of this cerebral region was, and the
higher the corresponding DC value was. The DC value

of LMOG was contrastively analyzed, and no
correlation was found between LMOG and BCVA.
Therefore, we infer that BP was the most active region
in the specific cerebral regions involved in
compensating visual information in HR patients. The
important role of precuneus in the formation of vision
was further verified.

The MFG occupies a large portion of the frontal lobe
between the superior frontal and subfrontal sulci. The
frontal lobe is involved in visual positioning,
processing of spatial information, and transmission of
visual information to the oculomotor nerve complex
[44]. The MFG is an important part of the parietal
prefrontal pathway and participates in visuospatial
working memory [45]. Our research indicated that the
DC value of the RMFG in the HR group was lower
than in HCs, suggesting damage to the frontal lobe
that may be related to the reduced vision in HR
patients. The anterior cingulate gyrus (ACG) is
located on the inner side of the frontal lobe,
participating in the regulation of emotional learning
and emotional evaluation of internal or external
stimuli. The anterior and lower regions are deemed to
be engaged in emotional regulation and contribute to
the processing of anxiety, fear, sadness, and other
emotions [46]. Clinical studies have shown that
removal of the ACG and surrounding cortical tissue
alleviated anxiety, depression, and other negative
emotions in patients with intractable pain [47].
However, in our study, no correlation was found
between RMFG/BAC and negative emotions in HR
patients. Compared with HC group, the functional
activity of this cerebral region was significantly
decreased in HR group. The above studies indicated
that the RMFG/BAC cerebral region was involved in
the transmission of visual information. We
hypothesized that it was precisely because the visual
information acquired by vision loss was reduced that
the required transmission activity was also reduced.
Therefore, the FC of this cerebral region was also
significantly reduced, and the corresponding DC value
was also lower than that of the normal group. We
further inferred that the functional activity of this
cerebral region changed in the same direction as the
visual acuity. This result had important significance in
clinical examination.

Based on our findings above, we constructed a table of
the functions corresponding with various brain region,
and the effects of alterations associated with HR on
functional activities (Table 4).

In summary, this study found abnormal alteration in the
FC of specific cerebral regions in HR patients. These
results can lay a foundation for further study of the
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Table 4. Changes in specific brain regions and their potential functional effects.

Brain regions

Experimental result

Brain function

left cerebellum posterior lobe HRs>HCs
left middle occipital gyrus HRs>HCs
bilateral precuneus HRs>HCs
right medial frontal gyrus /bilateral anterior HRs<HCs

cingulate

Motor control, cognitive, emotional and visual

processing

Visual motor processing, spatial analysis, depression and

anxiety

Spatial attention, memory and visual spatial information
processing

Visual information transmission, visual spatial working

memory and emotion regulation

Abbreviation: HR, hypertensive retinopathy; HC, healthy control.

pathophysiological mechanism of HR. And provide data
support for the vision health protection of middle-aged
and elderly people.
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