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Purpose: Previous studies on monocular blindness (MB) have mainly focused

on concept and impact. The present study measured spontaneous brain

activity in MB patients using the percentage of amplitude fluctuation

(PerAF) method.

Methods: Twenty-nine patients with MB (21 male and 8 female) and 29

age-, gender-, and weight-matched healthy controls (HCs) were recruited. All

participants underwent resting state functional magnetic resonance imaging

(rs-fMRI). The PerAF method was used to analyze the data and evaluate

the spontaneous regional brain activity. The ability of PerAF values to

distinguish patients with MB from HCs was analyzed using receiver operating

characteristic (ROC) curves, and correlation analysis was used to assess the

relationship between PerAF values of brain regions and the Hospital Anxiety

and Depression Scale (HADS) scores.

Results: PerAF values in Occipital_Mid_L/Occipital_Mid_R/Cingulum_

Mid_L were significantly lower in patients with MB than in controls.

Conversely, values in the Frontal_Sup_Orb_L/Frontal_Inf_Orb_L/Temporal

_Inf_L/Frontal_Inf_Oper_L were significantly higher in MB patients than in

HCs. And the AUC of ROC curves were follows: 0.904, (p < 0.0001; 95%CI:

0.830–0.978) for Frontal_Sup_Orb_L/Frontal_Inf_Orb_L; Temporal_Inf_L

0.883, (p < 0.0001; 95% CI: 0.794–0.972); Frontal_Inf_Oper_L 0.964,

(p < 0.0001; 95% CI: 0.924–1.000), and 0.893 (p < 0.0001; 95% CI: 0.812–

0.973) for Occipital_Mid_L; Occipital_Mid_R 0.887, (p < 0.0001; 95% CI:

0.802–0.971); Cingulum_Mid_L 0.855, (p < 0.0001; 95% CI: 0.750–0.960).
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Conclusion: The results of our study show abnormal activity in some brain

regions in patients with MB, indicating that these patients may be at risk

of disorder related to these brain regions. These results may reflect the

neuropathological mechanisms of MB and facilitate early MB diagnoses.
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MB, PerAF, resting state, fluctuation changes, functional magnetic resonance imaging

Introduction

Vision loss, including blindness, is a major public health
problem, affecting individual lives, society, and the economy.
Visual impairment has negative impacts on standard of living
and self-care, is a heavy social burden, and may cause significant
economic damage. Traditionally, the definition of blindness
has been based on functional disability and quantized visual
acuity (VA) value. However, the diagnostic criteria for blindness
vary between countries (1). Many factors can cause blindness,
including diseases, such as age-related macular degeneration
(AMD) (2), cataract (3), trachoma (4), and glaucoma (5).
Among them, AMD is the most important cause of blindness
(2). Although there are treatments for these diseases, if they are
not addressed promptly or effectively, they can cause irreversible
damage to visual function and can eventually lead to blindness.
The World Health Organization (WHO) estimated that about
1.3 billion people may suffer from visual impairment (VI)
globally, with a range of causes (6). According to one study, it is
estimated that worldwide in 2015 about 36 million people were
blind, 216.6 million people suffered from moderate to severe VI,
while 185.5 million people had mild VI (7). These data show that
VI affects many people and this should arouse public attention.
Blindness may be unilateral (monocular) or bilateral, and its
incidence is related to factors such as heredity and environment.
This paper focuses on monocular blindness (MB).

Monocular blindness is defined as the reduction or loss of
visual input caused by the damage or destruction of retina or
optic nerve. The naked visual acuity of blind eye is <0.05, and
the naked visual acuity of contralateral eye is≥0.05.Studies have
shown that MB may occur at any age and affect either gender
(8), and includes the loss of stereo vision, perception of shape
and color and other visual functions (9). It should be noted
that progression may continue beyond monocular blindness,
and that if the other eye is not treated properly both eyes may
become affected (10). Therefore, once MB is diagnosed the
cause should be treated without delay to prevent the adverse
consequences of binocular blindness.

The etiology of MB is varied, eye trauma being a major
cause in children (11). In developing countries, adult cataracts
and glaucoma are important causes (12–14), while in developed
countries AMD and diabetic retinopathy are major causes (15).

As a non-invasive method, functional magnetic resonance
imaging (fMRI) can evaluate brain structure and function,
and researchers have found associations between fMRI
measurement and clinical manifestations of diseases (16).
Compared with other neuroscience technologies, the advantage
of fMRI lies in its flexibility (17). Multi-level brain imaging
analysis is an effective means to find brain structural and
functional changes in early postoperative chronic disease. Yang
used fMRI technology to explore the immediate brain effect of
Moxibustion in patients with primary dysmenorrhea and found
that positive activation was the main manifestation of local
consistency and coordination in the brain area of patients, and
the prefrontal lobe was likely to play an analgesic and sedative
role. The change of prefrontal lobe-default network (DMN)
functional connection may be an important central mechanism
of analgesia (18).

Resting state functional magnetic resonance imaging (rs-
fMRI) depends on the spontaneous low-frequency fluctuations
in the blood oxygen level-dependent (BOLD) signal with non-
invasive, zero radiation and high spatial resolution has become
an effective new means of contemporary acupuncture research
(19), which can objectively and visually observe the central
functional regulation of the brain. Regional Homo geneity(Re
HO),functional connection(FC), and fractional amplitude of
low frequency fluctuation(fALFF) are the two most commonly
used data analysis methods in rs-fMRI (20). The former
represents the consistency of local functional activities in brain
regions and reflects the synchronization of time series in
local brain regions (21). The latter represents the strength of
functional connection between brain regions (22), and can
reflect the temporal correlation between region of interest (ROI)
and whole brain networked function, fALFF has high sensitivity
and specificity, and can accurately reflect the spontaneous
neuronal activity in low-frequency local brain areas (23).

The peraf value is less affected by the error of signal intensity,
and can be used for group level statistical analysis (24). It is not
affected by the mixing of voxel specific fluctuation amplitude
in the amplitude of low-frequency fluctuation method. It can
measure the brain activity change of voxel level more accurately
and efficiently (25). It is more accurate than other MRI analysis
methods such as low-frequency fluctuation amplitude (26),
regional homogeneity and degree centrality (27). It is of great
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TABLE 1 Characteristics of participants included in the study.

Condition MB HCs t P-value*

Male/female 21/8 21/8 N/A >0.99

Age (years) 47.76± 6.76 46.23± 6.61 0.168 0.792

Weight (kg) 71.87± 5.98 72.71± 6.87 0.286 0.881

Handedness 29R 29R N/A >0.99

Duration of MB (h) 58.54± 25.54 N/A N/A N/A

Best-corrected VA-left eye 0.25± 0.10 1.05± 0.15 −5.965 0.002

Best-corrected VA-right eye 0.20± 0.05 1.15± 015 −5.653 0.003

p < 0.05 independent t-tests comparing two groups, data shown as mean± standard deviation. MB, monocular blindness; HCs, healthy controls; VA, visual acuity; N/A, not applicable.

significance for the diagnosis and treatment of monocular
blindness (28).

After monocular blindness, one side of the visual function
is normal, and the other side is damaged. At this time, the
brain’s visual reflex mechanism may increase in the normal
side, and thus peraf changes. Another is the disorder of visual
transmission mechanism in patients with monocular blindness.
At this time, the brain may not be stimulated by visual activity,
and the function of the corresponding parts will be reduced,
resulting in changes in peraf (29). The peraf value is less
affected by the error of signal intensity, and can be used for
group level statistical analysis. It is not affected by the mixing
of voxel specific fluctuation amplitude in the amplitude of
low-frequency fluctuation method. It can measure the brain
activity change of voxel level more accurately and efficiently.
It is more accurate than other MRI analysis methods such as
low-frequency fluctuation amplitude, regional homogeneity and
degree centrality. It is of great significance for the diagnosis and
treatment of monocular blindness (30).

The present study will apply percentage of amplitude
fluctuation (PerAF) technology to study the spontaneous brain
regional activity and clinical manifestations of MB patients,
and to investigate whether this method can be used for early
diagnosis of MB.

Materials and methods

Patients

Twenty-nine patients with MB (21 male and 8 female)
were recruited at the Ophthalmology Department of the First
Affiliated Hospital of Nanchang University. These subjects
satisfied the following criteria: (1) blind in one eye; (2)
contralateral eye is normal without cataract, optic neuritis, or
other eye diseases; (3) exclude strabismus.

In addition, 29 healthy controls (21 male and 8 female)
were recruited and the two groups were similar in gender
balance (p > 0.99), age (p = 0.792), and weight (p = 0.881).
Control subjects were included if they satisfied the following

criteria: (1) normal naked eye or normal corrected vision; (2)
no neurological diseases; (3) no mental disorder; (4) able to
have an MRI scan (for example, they did not have pacemaker
or implanted metal device) (Table 1).

The research was authorized by the Human Research
Ethics Committee of the First Affiliated Hospital of Nanchang
University. Each participant understood the aim, methods and
possible risks of the research, and signed a declaration of
informed consent.

Magnetic resonance imaging data
collection

The Trio 3-Tesla MR scanner (Siemens, Munich, Germany)
was used. Before scanning, each participant was asked to
relax, close their eyes, and minimize movement (29). To
obtain functional data, a 3D metamorphic gradient echo pulse
sequence was used. The following parameters were used for a
176-image scan: acquisition matrix 256 × 256; field of view
250 mm× 250 mm; echo time 2.26 ms; repetition time 1,900 ms;
thickness 1.0 mm; gap 0.5 mm; flip angle 9◦. For a 240-image
scan, parameters were as follows: acquisition matrix 64 × 64;
field of view 220 mm × 220 mm; thickness 4.0 mm; gap
1.2 mm; repetition time 2,000 ms; echo time 30 ms; flip angle.
90◦, 29 axial.

Functional magnetic resonance
imaging processing

MRIcro software (Nottingham University, Nottingham,
UK) was used to sort the data, and to identify and
exclude incomplete or flawed data. Remaining data
were processed, including space standardization, head
movement correction, slice time, and digital image format
conversion using DPARSFA.1 Linear regression was used to

1 http://rfmri.org/DPARSF
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TABLE 2 Brain areas with significantly different PerAF values between MB and HCs.

Brain areas MNI coordinates Number of voxels T value ROI

X Y Z

HCs < MB

Frontal_Sup_Orb_L/Frontal_Inf_Orb_L 0 18 −27 169 −5.0299 1

Temporal_Inf_L −42 −18 −27 98 −4.917 2

Frontal_Inf_Oper_L) −39 15 9 111 −4.4132 5

HCs > MB

Occipital_Mid_L −36 −81 3 112 5.2095 3

Occipital_Mid_R 36 −81 6 112 4.5945 4

Cingulum_Mid_L −3 9 33 50 4.5309 6

The statistical threshold was set at the voxel level with p < 0.001 for multiple comparisons using Gaussian random field theory (p < 0.01, cluster >49 voxels, AlphaSim corrected). PerAF,
percent amplitude of fluctuation; ROI, regions of interest; HCs, healthy controls; MNI, Montreal Neurological Institute; MB: monocular blindness.

FIGURE 1

(A,B) Spontaneous brain activity in the MB patients and the HC group. (C) The mean PerAF signal value between the MB and HC groups. Warmer
shades (yellow and red) represent moderate and high signal strength, respectively and blue represents lower signal strength. The signal values of
Frontal_Sup_Orb_L/Frontal_Inf_Orb_L/Temporal_inf_L/Frontal_Inf_Oper_L regions in MB patients are higher than in controls, and on the
contrary, the signal valuse of Occipital_Mid_L/Occipital_Mid_R/Cingulum_Mid_L are lower than controls. PerAF, percent amplitude of
fluctuation; MB, monocular blindness; HCs, healthy controls.
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eliminate the influence of factors such as signals originating
from white matter.

Because excessive head movement may have a significant
impact on the fMRI sequence, participants with head
movements >3 mm and the data were excluded. Due to
inter-individual variations in brain size and structure, each
brain image was standardized (30). We used regions of interests
(ROI) of the central white matter region to deal with irrelevant
variables (31).

Functional magnetic resonance imagingdata were processed
using the PerAF method, a relatively reliable and direct
measurement of brain activity. First, the average BOLD signal
value was calculated, then the signal strength at a range of time
points was normalized to this value. This process resulted in
an amplitude at each time point as a percentage of the average
across the time series, and a signal change percentage similarity
index, referred to as PerAF. The formula used to calculate the
PerAF value of a single voxel is as follows:

PerAF = 1n6i = 1n|Xi− µµ| × 100% (1)

µ = 1n6i = 1nXi (2)

Where Xi represents the signal strength, n is the total number of
time points, and µ is the mean value of the time series (21).

Correlation analysis

We obtained the anxiety scores (AS) and depression
scores (DS) of MB patients by doing the Hospital Anxiety
and Depression Score (HADS). We looked for correlations
between each score and the PerAF values of the following
brain regions: Frontal_Sup_Orb_L/Frontal_Inf_Orb_L,
and Frontal_Inf_Oper_L using Pearson’s correlation
analysis (p < 0.05 was considered significant).
GraphPad Prism 8.0 software was used to plot
linear correlations.

Statistical analysis

For between-group comparisons, SPSS software, version
20.0 (IBM Corp., Armonk, NY, USA) was used to conduct
independent sample t tests, and p < 0.05 was considered
significant. The REST software was used to conduct
independent sample t tests comparing PerAF values between
the two groups. Gaussian random field theory was used
for multiple comparison correction, and the voxel level
threshold was p < 0.001. AlphaSim, part of the REST
toolbox, was used for correction, the cluster size was set at
>49 voxels, and the level was p < 0.05. Receiver operating
characteristic (ROC) curves were used to compare the

average PerAF values of the relevant brain areas between
MB and HC groups and to obtain estimates of diagnostic
accuracy based on the area under the curve (AUC). As
explained above, Pearson’s correlation was used to evaluate
the relationship between PerAF and anxiety/depression
scores. All averaged data are presented in the form of
mean ± standard deviation. The regions were defined
using automatic anatomic labeling based on the Montreal
Neurological Institute data set.

Results

Sample statistic and visual data

Gender (p > 0.99), age (p = 0.792), and weight (p = 0.881)
were all similar in the two groups. However, significant
differences were found between groups in monocular best-
corrected visual acuity (VA) (left P = 0.002; right p = 0.003). The
duration since MB diagnosis was 58.54± 25.54 h.

Percentage of amplitude fluctuation
differences

Compared with HCs, PerAF values were significantly
reduced in MB patients at the Occipital_Mid_L/Occipital
_Mid_R/Cingulum_Mid_L. Conversely, values were
significantly higher in MB than HC at the Frontal_
Sup_Orb_L/Frontal_Inf_Orb_L/Temporal_Inf_L/Frontal_Inf_
Oper_L. (Table 2 and Figure 1).

Analysis of receiver operating
characteristic curves

Area under the curve provides an indication of diagnostic
accuracy. AUC ranges from 0 to 1, higher values indicating
higher accuracy. The AUC for brain regions defined here were
between 0.86 and 0.96 and all were statistically significant
(<0.0001) (Figure 2).

Correlation analysis

Figure 3 shows that correlation between
PerAF values and HADS scores were significant at
Frontal_Sup_Orb_L/Frontal_Inf_Orb_L for AS (r = 0.9338,
p < 0.0001) and DS (r = 0.8361, p < 0.0001). Similarly, PerAF
values at the Frontal_Inf_Oper_L were significantly positively
correlated with AS (r = 0.5134, p < 0.05) and DS (r = 0.4313,
p < 0.05) (Figure 3).
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FIGURE 2

ROC curve analysis of the mean perAF values for altered brain regions. (A) The area under the ROC curve was 0.904, (p < 0.0001; 95% CI:
0.830–0.978) for Frontal_Sup_Orb_L (aal)/Frontal_Inf_Orb_L (aal); Temporal_Inf_L (aal) 0.883, (p < 0.0001; 95% CI: 0.794–0.972);
Frontal_Inf_Oper_L (aal) 0.964, (p < 0.0001; 95% CI: 0.924–1.000). (B) The area under the ROC curve was 0.893 (p < 0.0001; 95% CI:
0.812–0.973) for Occipital_Mid_L (aal); Occipital_Mid_R (aal) 0.887, (p < 0.0001; 95% CI: 0.802–0.971); Cingulum_Mid_L (aal) 0.855,
(p < 0.0001; 95% CI: 0.750–0.960). AUC, area under the curve; ROC, receiver operating characteristic.

Discussion

In this study, the PerAF method was used to increase
understanding of MB, and to our knowledge this is the
first study in which MB has been investigated using this
approach. The method is widely used and has also been
applied to study other diseases (32–34) (Table 3). Our
results showed that the signal values of Frontal_Sup_
Orb_L/Frontal_Inf_Orb_L/Temporal_Inf_L/Frontal_Inf_Oper
_L regions are higher in MB patients than controls,
while conversely signals are lower than controls at
Occipital_Mid_L/Occipital_Mid_R/Cingulum_Mid_L
(Figure 4 and Table 3).

The results of correlation analyses showed that in
Frontal_Sup_Orb_L/Frontal_Inf_Orb_L/Frontal_Inf_Oper_L,
AS and DS were positively correlated with PerAF values.
Higher HADS scores indicate more severe levels of anxiety
or depression, so this result indicates deeper anxiety and
depression with higher PerAF values.

The orbitofrontal cortex (OFC) is an area of the brain
in front of the eyes, consisting of a large cortical region on
the ventral side of the frontal lobe (35). The OFC includes
the orbital superior frontal gyrus and orbital inferior frontal
gyrus, and it receives input from the visual, somatosensory,
olfactory and taste regions, the limbic region, and the dorsal
raphe region (36, 37). Rolls et al. reported that the OFC is
related to emotion and depression (38), and that OFC plays an
important role in day-to-day transactions (5). Izquierdo et al.

conducted an animal study and found that OFC is associated
with reward for learning and decision making (39). Other
research has shown that the OFC is associated with alcohol
abuse and dependence (40). In the present study, PerAF values
were increased in the Frontal_Sup_Orb_L/Frontal_Inf_Orb_L
regions in MB patients, indicating hyperactivity of this brain
region. We infer that MB may be associated with difficulties
related to emotion and social ability.

PerAF was also increased in the Temporal_Inf_L of MB
patients. This region is situated on the lateral and inferior
surfaces of the temporal lobe, ventral to the middle temporal
gyrus (41). Previous research has shown that it participates
in multiple cognitive processes, such as visual perception
and multi-mode sensory integration (42–44). Onitsuka et al.
reported the inferior temporal gyrus is fundamental to the
pathophysiology of cognitive impairments in Alzheimer’s
disease (41). In the present study, increased activity in this
brain region suggests that a range of cognitive anomalies may
occur in MB patients.

A study reported that the left inferior frontal cortex has
an influence on reflect-Self contrast (45), and has a role in
the guidance of intonation processing (46), Other research
findings have shown that this region may be viewed as a
neural intersection for different types of information, and is
important for distinguishing between concrete and abstract
concepts (47). Study (48) has shown that suppressing this region
may allow activation of neural networks that lead to greater
creativity. The left operculum of left inferior frontal cortex is
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FIGURE 3

Correlation between PerAF and HADS scores. (A) Stands for monocular blindness group and (B) stands for healthy control group. In the MB
group, the PerAF value of Frontal_Sup_Orb_L/Frontal_Inf_Orb_L showed a positive correlation with AS (r = 0.9338, p < 0.0001) and DS
(r = 0.8361, p < 0.0001), and the value of Frontal_Inf_Oper_L also showed a positive correlation with AS (r = 0.5134, p < 0.05) and DS
(r = 0.4313, p < 0.05). PerAF, percent amplitude of fluctuation; AS, anxiety scores; DS, depressed scores; MB, monocular blindness.

TABLE 3 PerAF method applied in ophthalmologic and neurogenic disease.

Brain areas Experimental results Brain functions Anticipated results

Frontal_Sup_Orb_L/Frontal_Inf_Orb_L HC < MB Emotion and depression,
economic decisions, rewarding
learning, decision making, alcohol
abuse and dependence

Emotion problems, disability in
dealing with daily tasks, social
problems

Temporal_Inf_L HC < MB visual perception,
multi-mode sensory integration

Cognitive impairment, mental
disorder

Frontal_Inf_Oper_L HC < MB Reflect-Self contrast, the guidance of
intonation processing, distinguishing
concrete concepts from abstract
concepts,creativity

Semantic comprehension disorder,
conceptual comprehension disorder

Occipital_Mid_L HC > MB Visual information processing,
attention, emotional processing,
verbal episodic memory,

Depression, affective dysfunction,
mental problems, memory problems

Occipital_Mid_R HC > MB visual spatial information processing,
attention, working memory

Spatial vision problems, attention
problems, memory disorder,

Cingulum_Mid_L HC > MB Social cognition, emotion processing,
motor control, maturity

Emotion problems, cognition
dysfunction, motor control disorder,
maturational delay

Frontiers in Psychiatry 07 frontiersin.org

https://doi.org/10.3389/fpsyt.2022.942905
https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org/


fpsyt-13-942905 October 18, 2022 Time: 14:2 # 8

Hu et al. 10.3389/fpsyt.2022.942905

FIGURE 4

The mean perAF values of altered brain regions. Notes: Compared with the HCs, the perAF values of the following regions were increased to
various extents: 2- Frontal_Sup_Orb_L/Frontal_Inf_Orb_L (t = -5.03), 3- Temporal_Inf_L (t = -4.92), 6- Frontal_Inf_Oper_L (t = -4.41).
Compared with the HCs, the perAF values of the following regions were decreased to various extents: 1- Occipital_Mid_L (t = 5.21), 4-
Occipital_Mid_R (t = 4.595), 6- Cingulum_Mid_L (t = 4.531). HCs, healthy controls; BA, Brodmann’s area.

TABLE 4 Brain areas alternation and its potential functions. HC, healthy controls; MB, monocular blindness.

Brain areas

Author, year Disease UDs > HCs UDs < HCs (Refs.)

Yang et al. (32) Retinal
detachment

Right fusiform gyrus, left inferior
temporal gyrus,

(32)

Wang et al. (33) Epilepsy Vermis, left cellebellar lobule, left
percentral gyrus

Pecentral gyrus (33A

Zeng et al. (34) Sleep deprivation Bilateral visual cortex, bilateral
sensorimotor cortex

Bilateral dorsolateral prefrontal cortex,
bilateral cerebellum posterior lobe

(34)

associated with sensorimotor function, such as the experience
of pain (49). Since the PerAF value in this region is higher
in MB patients than in HCs, we hypothesize that the risk
of disease associated with dysfunction in this region may be
increased in this group.

The occipital lobe, which takes up most of the visual
cortex, helps with the processing of visual information and
plays a role in exclamatory facial expressions, and in this
study, it turned out that left middle occipital may be
associated with depression in women (50), moreover, the
region is also involved in attention (51), verbal episodic
memory (52), and affective dysfunction (53), and Stern et al.
(53) found that in adults with obsessive-compulsive disorder,
spontaneous activity in this region is increased. In contrast to
the brain regions discussed above, the decreased PerAF signal
values in the left middle occipital in MB patients compared

with HCs indicates that this brain region is functionally
impaired in MB patients.

Similar to the left middle occipital, the right middle occipital
lobe is associated with visual spatial information (54) and
attention (55). Zeng et al. (56) found that function of the right
middle occipital was positively correlated with object working
memory. On the right side of the middle occipital gyrus, we
observed decreased brain activity in MB patients, indicating that
the function of this area was reduced.

Finally, we found a decrease in brain activity in the
left middle cingulum in MB patients. The cingulate gyrus
belongs to the medial cortex and medial temporal lobe
(57), and plays an important role in social cognition (58),
emotional processing (59) and motor control (60). A study on
attention disorder/hyperactivity disorder found dysfunction of
the left middle cingulum in MB patients, which was attributed
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to delayed maturation (61). We infer that the abnormal
spontaneous activity of this brain region in MB patients may
reflect abnormality of functions related to this region (Table 4).

Limitations

This study included a small sample, which may not be
representative of the wider population of patients with MB. In
addition, the included MB patients had a range of durations
since diagnosis of MB, which may have increased variance in
the experimental results. Next, we will increase the sample size,
conduct multi sequence analysis, follow-up patients, explore
ways to treat brain function and try to make up for deficiencies.

Conclusion

In this study, we used the PerAF method to analyze
regional brain activity in MB patients. Compared with healthy
controls, hyperactivity in some brain regions and hypoactivity
in other regions may be related to anomalous function and
behavior associated with these brain regions. To the best of our
knowledge, this is the first study on MB using the PerAF method.
Future studies of this kind may further enhance understanding
of neural changes in MB and may lead to the use of this method
as an early diagnostic index.
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