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Objective: To analyze the potential changes in brain neural networks in resting state
functional magnetic resonance imaging (rs-fMRI) scans by regional homogeneity (ReHo)
in patients with mild cognitive impairment (MCI).

Methods: We recruited and selected 24 volunteers, including 12 patients (6 men and
6 women) with MCI and 12 healthy controls matched by age, sex, and lifestyle. All
subjects were examined with rs-fMRI to evaluate changes in neural network connectivity,
and the data were analyzed by ReHo method. Correlation analysis was used to
investigate the relationship between ReHo values and clinical features in different brain
regions of MCI patients. The severity of MCI was determined by the Mini-Mental State
Examination (MMSE) scale.

Results: The signals of the right cerebellum areas 4 and 5, left superior temporal, right
superior temporal, left fusiform, and left orbital middle frontal gyri in the patient group
were significantly higher than those in the normal group (P < 0.01 by t-test of paired
samples). The signal intensity of the right inferior temporal and left inferior temporal gyri
was significantly lower than that of the normal group (P < 0.01). The ReHO value for the
left inferior temporal gyrus correlated negatively with disease duration, and the value for
the right inferior temporal gyrus correlated positively with MMSE scores.

Conclusion: Mild cognitive impairment in patients with pre- Alzheimer’s disease may
be related to the excitation and inhibition of neural networks in these regions. This may
have a certain guiding significance for clinical diagnosis.

Keywords: rs-fMRI, mild cognitive impairment, ReHo, spontaneous brain activity, Alzheimer’s disease

INTRODUCTION

Cognitive decline is common in older adults, including dementia, delirium, depression, language
problems, inattention, and low literacy levels (D’Atri et al., 2021). Mild cognitive impairment
(MCI) is an intermediate stage of cognitive decline between normal aging and dementia
in which people have memory problems or other cognitive abnormalities but have not yet
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reached the severity of dementia; therefore, the condition has
little impact on daily living. MCI is common in the elderly, with
a prevalence at age 65 of 6%. Because of the slow progression of
the disease, a simple history and neurological examination alone
are not enough to confirm the diagnosis. Studies have shown that
37–80% of dementia is not clinically diagnosed, suggesting that
cognitive impairment is difficult to detect without screening tools
(D’Atri et al., 2021). The most common cause of mild cognitive
impairment is Alzheimer’s disease (AD) (Yukimasa, 2017).

AD is a series of primary degenerative encephalopathies
occurring in middle-aged and older adults (Yukimasa, 2017).
The incidence of AD is closely related to several factors
such as age, genetics, and environment that produce common
pathological changes concerning metabolism, blood vessels,
and inflammation (Yukimasa, 2010). In terms of metabolism,
previous studies that explored the independent and reciprocal
effects of curcumin on the brain and liver have shown that
curcumin injection prior to Aβ deposition can prevent AD
in APP/PS1 mice, suggesting that curcumin may significantly
affect the elimination of Aβ42 in cerebral blood transport and
peripheral circulation (Yepes, 2021). Cerebrovascular disease
mainly presents symptoms of progressive memory loss, MCI,
distraction, affective disorder, personality changes, and other
characteristics. Alzheimer’s disease often presents as a persistent
disorder of high-level neural function (Wu et al., 2021). It has
been reported that in APP/PS1 mice, a double transgenic mouse
model of AD, female mice developed Aβ plaque load in the
dentate gyrus layer at an early stage. There was also a significant
neuroinflammatory activation of astrocytes and microglia (Jung
et al., 2019). In addition, some studies have shown that magnetic
resonance imaging (MRI)-based assessment of brain atrophy can
be used to evaluate and stage Alzheimer’s disease, which laid a
foundation for the specific neuroimaging changes in the brain of
our study (Bijttebier et al., 2021). Researchers have indicated that
it is now possible to measure tau and amyloid beta (Aβ) protein
in the brain. Analyses of the association among neuroimaging
findings, clinical phenotype, and age were performed as a way
to investigate how different neuroimaging modalities relate to
disease mechanisms; hence, it is possible to elaborate on the
specific cause of, as well as the course of, Alzheimer’s disease
(Benitez et al., 2021; Roberts et al., 2021).

Aβ has been shown to accumulate in the retina of patients with
MCI, and this phenomenon may appear before accumulation

in the brain (Mei et al., 2020). Detecting an accumulation of
Aβ in the eye may prove to be a useful clinical method for
early diagnosis of AD before the onset of clinical symptoms, but
the relevant diagnostic approach needs to be further developed
(Figure 1).

Despite these advances, there is still a lack of strong evidence
that can be used as a basis for the clinical diagnosis of AD.
MRI is a non-invasive diagnostic technique used in the medical
and biomedical fields to evaluate nervous system structure and
neurological function (Zang et al., 2004). Resting-state functional
magnetic resonance imaging (rs-fMRI) allows measurements of
brain activity at rest, and its use has evolved rapidly in recent
years (Jiang et al., 2021). Regional homogeneity (ReHo) is a
technique for analyzing rs-fMRI results that has been normally
applied in clinical practice. Recent studies on the application
of the ReHo method to analyze neuroimaging changes are
shown in Table 1 (Tononi et al., 1998; Xiang et al., 2018;
Liao et al., 2019; Shao et al., 2019; Wen et al., 2019; Li et al.,
2020; Guo et al., 2021). By calculating the Kendall coefficient
consistency of voxel dynamic fluctuation time-series in a
specific cluster, the local synchronization of spontaneous rs-fMRI
signals is explored, which represents essential data for normal
brain activity (Fang et al., 2021; Gaubert et al., 2021). Brain
dysfunction in patients may lead to changes in synchronization of
neurons in the brain, which adversely affects neural information
processing, and thus reflects numerical differences from people
with normal brain activity.

The severity of dementia can be determined based on the
results of neuropsychological assessments. The commonly used
clinical tool is the Mini-Mental State Examination (MMSE)

TABLE 1 | REHO method applied in neurogenic disease and ophthalmologic.

References Years Disease

Guo et al. (2021) 2019 Classical trigeminal neuralgia

Xiang et al. (2018) 2019 Retinal vein occlusion

Wen et al. (2019) 2019 Diabetic retinopathy

Li et al. (2020) 2019 Strabismus and amblyopia

Liao et al. (2019) 2021 Diabetic optic neuropathy

Shao et al. (2019) 2021 Thyroid-associated ophthalmopathy

Tononi et al. (1998) 2020 Parkinson

FIGURE 1 | An example of MCI. (A) Fundus photography; (B) fundus fluorescein angiography; (C) indocyanine green angiography. MCI, mild cognitive impairment.
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TABLE 2 | Demographic characteristic of the enrolled subjects.

Condition MCI HC t P

Subject 12 12 NA >0.99

Age (y) 64.33 ± 7.01 64.00 ± 6.18 0.124 0.595

Gender (M:F) 6:6 6:6 NA NA

Duration (month) 12.00 ± 15.42 NA 4.766 <0.001*

SBP 128.92 ± 12.00 130.5 ± 10.83 –0.339 0.593

DBP 76.08 ± 12.15 76.17 ± 10.57 –0.018 0.593

HR 70.01 ± 9.16 70.42 ± 8.36 –0.091 0.922

Barthel index 99.58 ± 1.44 100 / /

Best-corrected V A-left eye 0.29 ± 0.10 0.23 ± 0.06 1.967 0.164

Best-corrected V A-right eye 0.28 ± 0.12 0.21 ± 0.08 1.591 0.078

S100β 0.18 ± 0.09 2.71 ± 1.05 –8.327 <0.001*

MMSE 21.42 ± 4.56 27.83 ± 2.52 –4.266 0.125

*P < 0.05 Independent t-tests comparing two groups.
MCI, mild cognitive impairment; HC, Healthy control; NA, not applicable; SBP, systolic blood pressure; DBP, diastolic blood pressure; HR, heart rate.

Scale (0–30 points; lower scores represent more severe cognitive
impairment) (Cheng et al., 2019).

Receiver operating characteristics (ROC) curve analysis is a
tool that can describe diagnostic accuracy in medical research,
and the area under the curve (AUC) often serves as one of
the criteria for comparison. A larger AUC implies a higher
correlation, which in turn represents a higher diagnostic accuracy
(Dong et al., 2021).

MATERIALS AND METHODS

Participants
A total of 24 volunteers were chosen for this study, including
12 patients (6 men and 6 women) with MCI and 12 healthy
controls (HC) matched by age, gender, and lifestyle from the
Ophthalmology Department of the First Affiliated Hospital
of Nanchang University Hospital. The inclusion criteria for
participants with MCI were as follows: (1) Age ≥ 45 years; (2)
chief complaint of memory decline and MMSE < 27 points;
(3) Barthel index for ability to perform activities of daily
living ≥ 90 points; and (4) recent cranial MRI suggesting no
parenchymal brain lesions. The exclusion criteria for participants
with MCI were the following: (1) vascular dementia, Parkinson
dementia, frontotemporal lobar degeneration and other types
of dementia, cognitive impairment due to other causes, acute
cerebral hemorrhage, cerebral infarction, and intracranial space
occupying lesions; (2) other psychiatric disorders, such as severe
affective disorder or current evidence of depression; (3) visual and
hearing impairment; and (4) severe dementia.

Inclusion criteria for the HC group were as follows: (1)
Age ≥ 45 years; (2) routine brain MRI without obvious
abnormalities; (3) no memory problems and an MMSE
score ≥ 27 points; (4) no neurological, psychiatric, and
cardiovascular diseases; (5) no drug or alcohol addiction; and (6)
able to undergo MRI.

The medical ethics committee of the First Affiliated Hospital
of Nanchang University approved all research methods which

were in accordance with the 1964 Declaration of Helsinki and its
later amendments or comparable ethical standards. The purpose,
method, and potential risks of participating in the study were
explained to all participants, and all participants signed an
informed consent form.

Magnetic Resonance Imaging
Parameters
All subjects were scanned with a 3-Tesla magnetic resonance
scanner (Trio, Siemens, Munich, Germany). They were
instructed to keep their eyes closed, but to remain awake and
relaxed until the end of the scan. Using a three-dimensional
spoiled gradient-recalled echo sequence in the MRI, relevant
data was then obtained. Imaging parameters of the T1 and T2
sequences for 176 traverse images were as follows: TR = 1,900 ms,
TE = 2.26 ms, thickness = 1.0 mm, gap = 0.5 mm, acquisition
matrix = 256 × 56, field of view = 250 × 250 mm, and flip
angle = 9◦. Imaging parameters for 240 functional images were
as follows: TR = 2,000 ms, TE = 30 ms, thickness = 4.0 mm,
gap = 1.2 mm, acquisition matrix = 64 × 64, flip angle = 90◦,
field of view = 220 × 220 mm, and 29 axial. Scanning times were
5 and 10 min, respectively.

Data Analysis for Resting State
Functional Magnetic Resonance Imaging
The MRIcro software1 was used to organize the data, including
classifying the data and deleting the incomplete data. Moreover,
Statistical Parametric Mapping (SPM; The MathWorks, Inc.)2

and the Data Processing Assistant for rs-fMRI software
(DPARSFA; version 4.0; Institute of Psychology, Chinese
Academy of Sciences)3 were used to analyze the data. The regions
of interest (ROI) in patients with MCI and HC were divided
with the RESTing-state fMRI data analysis toolkit (REST). The
echo planar imaging was used to standardize the rs-fMRI images,

1www.MRIcro.com
2http://www.fil.ion.ucl.ac.uk/spm
3http://rfmri.org/DPARSF
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which met the spatial standards of the Montreal Institute of
Neurology (MNI).

Participant 3 was excluded because his head movements
were > 3 mm and the rest of his head movements were < 3 mm
and well matched.

Statistical Analysis
We used SPSS software, version 22.0 (International Business
Machines Corporation, Inc. (IBM), Armonk, New York,

United States) in this study to analyze changes in brain neural
signal fluctuations (i.e., ReHo values). Paired samples t-tests
were used to test whether the two means were the same overall.
In general, the larger the t-value, the more likely it is to be
statistically relevant. We considered results significant if P<0.05.
Multiple comparison correction used Gaussian Random Field
(GRF) with a voxel level threshold of 0.005 and a cluster level
threshold of 0.05 for two-sided tests. ROC curve analysis was used
to compare the rs-fMRI values of the two groups. This represents

FIGURE 2 | Comparison of ReHo values in MCI and HC groups. (A) Differences in ReHo were found in RCG, LSTG, RSTG, LFG, and OMFG, RITG, and LITG. (B)
The stereoscopic form of the cerebrum. The red area indicates an increase in ReHo value; the blue indicates a decrease in ReHo value. (GRF correction, the
cluster-level: P < 0.05; two-tailed, with voxel level P < 0.005). (C) The Mean ReHo value between MCIs and control group. ReHo, regional homogeneity; MCI, mild
cognitive impairment; HC, healthy controls. *P < 0.05 Independent t-tests comparing two groups.
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how accurate rs-fMRI values are in the diagnosis of MCI. The
AUC was of primary interest, and represents the diagnostic yield
in this analysis. AUC > 0.9 was considered as a numerical value
that represents high diagnostic accuracy.

Brain-Behavior Correlation Analysis
We collected clinical data from all study participants, including
MMSE scores and disease duration, to find correlations between
these data and the mean ReHo values of the different brain
regions studied. Pearson correlation was analyzed with GraphPad
Prism 8 software (GraphPad Inc., San Diego, CA, United States)
to evaluate and graph the linear correlation between MMSE
scores, duration of MCI and ReHo values.

RESULTS

Demographics
There was no significant difference in mean age between the MCI
and HC groups (64.33 ± 7.01 and 64.00 ± 6.18 year, respectively;
P = 0.595). There was no significant difference in the male to
female ratio between the MCI and HC groups. The average
MMSE scores of the MCI group was 21.42 ± 4.56 (P = 0.125).
The average duration of the MCI was 12.00 ± 15.42 months
(P < 0.001). A detailed summary of the data is presented in
Table 2.

Regional Homogeneity Differences
In contrast with the HC group, the ReHo values of MCI patients
for the right inferior temporal gyrus (RITG) and the left inferior
gyrus (LITG) exhibited significantly lower in Figures 2A,B
(blue) and Table 3. At the same time, the ReHo values of MCI
patients were increased in the right cerebellar gyrus areas 4 and
5 (RCG), left superior temporal gyrus (LSTG), right superior
temporal gyrus (RSTG), left fusiform gyrus (LFG), and left
orbital middle frontal gyrus (OMFG) as shown in Figures 2A,B
(red) and Table 3 (P < 0.01, using GRF theory for multiple
comparisons, z > 2.3, P < 0.01, cluster > 40 voxels, AlphaSim
has been corrected).

Receiver Operating Characteristics
Curve
Considering the abnormal activity of certain brain regions in
MCI patients, we analyzed the diagnostic value of ReHo for MCI
by ROC curve analysis. In this study, the AUC value was 1.000
(P<0.0001; 95% CI: 1.000–1.000) for LITG, RITG, LSTG, RSTG,
LFG, and OMFG; meanwhile the AUC value was 0.985 (P < 0.01;
95% CI: 0.946–1.000) for RCG (Figure 3). These results show that
ReHo values in these brain regions showed significant differences
between patients with MCI and healthy controls.

Correlation Analysis
In patients with MCI, the ReHO value in LITG (r2 = 0.852,
P < 0.001) correlated negatively with disease duration, and the
ReHO value in RITG (r2 = 0.879, P < 0.001) correlated positively
with the MMSE (Figure 4).

TABLE 3 | Brain areas with different ReHo values between MCIs and HCs.

Brain areas(aal) MNI coordinates BA Number of voxels T-value

X Y Z

HC > MCI

RITG 48 –15 –45 – 114 –6.2571

LITG –45 –15 –48 – 65 –5.4858

HC < MCI

RCG 24 –39 –24 98 117 5.2122

LSTG –54 –9 0 81 136 4.7359

RSTG 51 –27 9 82 125 4.9241

LFG –24 –42 –18 55 312 4.8765

OMFG –27 48 –3 – 121 4.2007

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).
ReHo, regional homogeneity; BA, Brodmann area; HCs, healthy controls; MNI,
Montreal Neurological Institute. RITG, the right inferior temporal gyrus; LITG, the
right inferior temporal gyrus; RCG, the cerebellum superior; LSTG, the left superior
temporal gyrus; RSTG, the right superior temporal gyrus; LFG, the left fusiform
gyrus; OMFG, the left orbital middle frontal gyrus.

FIGURE 3 | ROC curve analysis of the mean ReHo values for altered brain
regions. The area under the ROC curve were 1.000, (p<0.0001; 95% CI:
1.000–1.000) for LITG, RITG, LSTG, RSTG, LFG, and OMFG; 0.985
(p < 0.01; 95% CI: 0.946–1.000) for RCG. AUC, area under the curve; ROC,
receiver operating characteristic.

DISCUSSION

The rs-fMRI provides insight into abnormal electrical activity
in patients’ brains during a disease state. In this study we use
the ReHo method to measure abnormal activity in specific brain
regions, and has been widely used in the diagnosis, treatment, and

Frontiers in Aging Neuroscience | www.frontiersin.org 5 April 2022 | Volume 14 | Article 877281

https://www.frontiersin.org/journals/aging-neuroscience
https://www.frontiersin.org/
https://www.frontiersin.org/journals/aging-neuroscience#articles


fnagi-14-877281 April 8, 2022 Time: 14:44 # 6

Wu et al. ReHo Changes in MCI Patients

FIGURE 4 | The correlation between the ReHo value of LITG, RITG and the duration (A), and MMSE (B). In the Alzheimer’s disease group, the ReHo value of LITG
showed a negative correlation with duration (r2 = 0.852, P < 0.0001). The ReHo value of the RITG was positively correlated with MMSE (r2 = 0.879, P < 0.0001).
ReHo, regional homogeneity; MCI, mild cognitive impairment.

prognosis of various craniocerebral injuries, ophthalmic diseases,
and related neurological diseases (Gu et al., 2022).

Hypointensity in the LITG area may be associated with
auditory naming disorder in mild cognitive impairment;
however, there are few specific functional studies on LITG
(Takamura et al., 2021). Some studies found that activation
of language networks and task-related functional connectivity
exist in the left temporal lobe, and there was activation of
the LITG area during auditory naming in the clinical naming
experiment (Mitchell et al., 2020). In some studies, rs-fMRI values
of individuals with cognitive decline due to sleep deprivation
are represented in LITG, specifically by attenuated alterations
in the effective connectivity of LITG with other brain regions
(Lyu et al., 2021). Previous studies have shown that significant
genetic overlap exists between hearing loss and AD, and that a
polygenic risk score for AD can significantly predict hearing loss
in an independent cohort, suggesting that there is a correlation
between damage in this brain region and genetic risk, but the
specific correlation remains to be further studied (Kang et al.,
2021). In our study, we demonstrated that the MCI patients show
decreased ReHo values in the LITG, which indicates auditory
naming dysfunction. In addition, we found a negative correlation
between the ReHo signal value of LITG and the duration of MCI;
thus, the longer the duration of the disease, the lower the ReHo
signal value of this brain region.

Some studies have shown that the RITG may be related to
the consciousness of important emotional significance. Alfredson
et al. (2010) studied the changes in temporal lobe blood flow
in volunteers who listened to standard music vs. important
emotional music. Measurements were made during silence,
individually selected emotional music, and standard neutral
music. The RITG showed a significant (p < 0.01) increase
in regional cerebral blood flow (rCBF) when the emotional
music was compared to silence. A temporal lobe asymmetry

(right > left) during emotional music was also significant
(p < 0.01) (Alfredson et al., 2010). In addition, another study
demonstrated increased signal in the RITG and a positive
correlation with alertness in patients with right temporal lobe
epilepsy. The significant decrease in RITG signal found in
this study for the MCI group may be related to the reduced
response to important affective meanings seen in patients with
MCI (Gellersen et al., 2021). This may be related to the
abnormal mental behavior of AD patients; that is, positive mental
symptoms such as agitation, anxiety, and mania as well as
negative mental symptoms such as depression and indifference
caused by cerebral cortex damage (Figure 5). Furthermore, the
ReHo value of RITG showed a significant positive correlation

FIGURE 5 | Relationship between MRI images and clinical manifestations in
MCI. MCI, mild cognitive impairment.
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with the MMSE score of MCI patients, and data processing
also showed a significant negative correlation between the signal
intensity of this brain region and the length of the disease. This
result implies that the ReHo value of RITG can be indirectly
correlated with MMSE scores to determine the severity of MCI.

We speculate that ReHo values in patients with MCI decrease
in RITG and LITG represented by the auditory naming and
hearing loss, and important affective disorders may be associated
with abnormal mental activity. Emotions such as agitation, mania
or depression, apathy and hearing loss caused by decreased
quality of life may also affect the degree of MCI (Figure 6).

The cerebellum in general has control over sensorimotor and
vestibular components, and additionally influences cognitive,
emotional, and autonomic function (Xu et al., 2021). A previous
meta-analysis of cerebellar gray matter loss in normal aging and
AD by Shah et al. (2013) found that gradient 3 (which captures
lateralization differences in cognitive function) was significantly
different in normal aging compared with AD, indicating slight
functional differences between left and right cerebellar atrophy
regions. The exact function of the RCG region is not fully
understood; however, compared with the HCs, the ReHo value
of this region was significantly increased in this study, which may
be related to the changes in autonomic and cognitive function
of MCI patients.

FIGURE 6 | The hearing loss results of brain activity.

A major function of the superior temporal gyrus is extracting
meaningful linguistic features from speech inputs, and is strongly
modulated by learning knowledge and perceived goals (Zhongwei
et al., 2017). There is some evidence that the right STG functions
in allocentric neglect deficits (Mao et al., 2021). The significantly
lower signal in this region in the MCI group in the present
study may be related to the altered perception of language in
patients with MCI.

The fusiform gyrus may be associated with face processing,
and the high signal expression in LFG found in this study may
be associated with altered face processing ability in patients with
MCI (Zuo et al., 2013). Gerłowska et al. (2021) stated that further
research on facial expression patterns of the older adults can
reduce misunderstandings and improve patients’ quality of life.
Therefore, we can speculate that stimulation targeting of these
brain regions can significantly improve the facial expression
patterns of AD patients and thus improve their quality of life.

There are few studies on the function of OMFG. Some studies
suggest that the signal changes of OMFG are related to the
changes in neurological function of patients with anxiety and
depression. Previous studies have found that patients with severe
anxiety and depression had significantly lower amplitude of low-
frequency fluctuation values in the brain regions, means that the
brain regions activity obviously changed (Zhao et al., 2019). In
our study, the MCI patients ReHo values for the OMFG were
significantly higher compared to HCs: thus, we hypothesize that
it is possible to identify patients with complications of anxiety
and depression by monitoring the changes in signal values in
this brain region. However, we did not evaluate anxiety and
depression scores for study participants that would allow us
to prove a relationship between the degree of signal changes
and the degree of anxiety and depression; thus, this association
remains to be studied further. Please refer to Table 4 for the
changes of ReHo values in brain regions and their effects on brain
function.

This study has some limitations. First of all, the different
lengths of scanning time and the occurrence of multiple body
movements during the rs-fMRI scanning process will produce
different qualities of images in the scanning results; thus, there
are avoidable errors in the obtained values. Reducing these
individual differences may improve the specificity and accuracy
of our analysis. Secondly, the sample size was small, and
further and more accurate studies with a larger sample size

TABLE 4 | Brain areas alteration and its potential impact.

Brain areas Experimental result Function

Inferior temporal gyrus HCs > MCIs Related to cognitive learning and object memory, emotional processing

Fusiform gyri HCs < MCIs Face recognition,Secondary classification and recognition of objects

Superior temporal gyri HCs < MCIs Responsible for extracting meaningful linguistic features from speech inputs

Right cerebellum areas 4 and 5 HCs < MCIs control over sensorimotor and vestibular components

Left orbital middle frontal gyri HCs < MCIs Related to the changes of neurological function in patients with anxiety and depression

HCs, healthy controls; MCI, mild cognitive impairment.
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are needed to validate our findings. This may explain why we
failed to find positive results in the process of verifying the
correlation between the course of disease and MMSE score and
the degree of signal value change for each brain region.

Our results showed that all MCI patients had varying degrees
of increased or decreased abnormal electrical signals in rs-fMRI
imaging of the brain regions we explored, which may reflect the
pathogenesis of AD and identify potential risk factors. These
ReHo values can be used to help clinicians diagnose and assess
the severity of MCI.

CONCLUSION

This paper analyzed the alterations in ReHo of fMRI signals in a
resting state. Alterations in the functional connectivity patterns of
regions of interest and whole brain analyses were in turn analyzed
to deduce the pathogenesis of MCI as well as disease progression.
This may provide some diagnostic basis for clinical practice, as
well as some significance for patient prognosis.
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