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Purpose: The aim of this study was to compare regional homogeneity (ReHo) changes in 
Parkinson’s disease mild cognitive impairment (PD-MCI) patients with respect to normal 
controls (NC) and those with cognitively normal PD (PD-CN). Further, the study investi-
gated the relationship between ReHo changes in PD patients and neuropsychological 
variation.
Patients and Methods: Thirty PD-MCI, 19 PD-CN, and 21 NC subjects were 
enrolled. Resting state functional magnetic resonance imaging data of all subjects 
were collected, and regional brain activity was measured for ReHo. Analysis of 
covariance for ReHo was determined between the PD-MCI, PD-CN, and NC groups. 
Spearman rank correlations were assessed using the ReHo maps and data from the 
neuropsychological tests.
Results: In comparison with NC, PD-CN patients showed significantly higher ReHo values 
in the right middle frontal gyrus (MFG) and lower ReHo values in the left supramarginal 
gyrus, bilateral inferior parietal lobule (IPL), and the right postcentral gyrus (PCG). In 
comparison with PD-CN patients, PD-MCI patients displayed significantly higher ReHo 
values in the right PCG, left middle occipital gyrus (MOG) and IPL. No significant correla-
tion between ReHo indices and the neuropsychological scales was observed.
Conclusion: Our finding revealed that decreases in ReHo in the default mode network 
(DMN) may appear before PD-related cognitive impairment. In order to preserve executive 
attention capacity, ReHo in the right MFG in PD patients lacking cognition impairment 
increased for compensation. PD-MCI showed increased ReHo in the left MOG, which might 
have been caused by visual and visual-spatial dysfunction, and increased ReHo in the left 
IPL, which might reflect network disturbance and induce cognition deficits.
Keywords: Parkinson’s disease, mild cognitive impairment, ReHo, fMRI, DMN

Plain Language Summary
● Regional neural activity changes were observed among Parkinson’s disease mild 

cognitive impairment (PD-MCI) patients, Parkinson’s disease cognitively normal 
patients and normal controls using regional homogeneity (ReHo) analysis.

● Decreased ReHo values in default mode network (DMN) may appear before cognition 
impairment.

● Increased ReHo values in the left middle occipital gyrus, the left inferior parietal 
lobule, and the right postcentral gyrus of PD-MCI patients may be contribute to 
cognitive dysfunction.

● The ReHo changes may provide useful information for the early detection of PD-MCI.
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Introduction
Parkinson’s disease (PD) is a common neurodegenerative 
disease characterized by motor and non-motor symptoms. 
Cognitive impairment, anxiety, depression, apathy, psy-
chosis, and sleep disorders are the important non-motor 
symptoms. Among these, cognitive impairment, especially 
mild cognitive impairment (MCI), has become a research 
hotspot. Evidence from longitudinal and cross-sectional 
research reveals that about 20–53% of PD patients suffer 
from MCI.1,2 The prevalence of PD-MCI is about 22.8– 
46.8% in Asian countries.2 PD-MCI is a transitional stage 
between cognitively normal PD (PD-CN) and PD demen-
tia (PDD), and most patients with PD-MCI progress to 
PDD within 3–5 years. Among those with PD-MCI, only 
a few patients reacquire normal cognition.1 Executive 
dysfunctions comprise the most frequently observed cog-
nitive symptoms,2 although memory impairment is also 
very common. Since PD-MCI may be a precursor to 
PDD, which impairs quality of life, increases disability 
and mortality, and intensifies caregiver burden, determin-
ing the neural substrates of PD-MCI would be crucial for 
identifying PD patients with high risk of further cognitive 
deterioration in order to initiate preventive treatment as 
soon as possible. Up to now, the neurophysiological 
mechanisms of PD-MCI have yet to be characterized.

A variety of neuroimaging tools have been applied to 
investigating the neural mechanisms of PD-MCI. Positron 
emission tomography, single-photon emission computed 
tomography, and arterial spin labeling MRI (ASL-MRI) 
are capable of measuring cerebral blood flow and showing 
posterior cortical hypoperfusion in PD-nondemented 
patients.3 Voxel-based morphometry and cortical thickness 
analyses visualize atrophy of temporal, occipital, parietal, 
and frontal cortices in PD-MCI.4 In addition, resting-state 
fMRI (RS-fMRI) has been more and more widely used in 
PD-MCI. Functional connectivity (FC) studies reveal 
hypoconnectivity mainly within the default mode network 
(DMN), which affects reciprocal interaction with other 
cerebral networks in cases of PD-MCI.5 Independent com-
ponent analysis (ICA) is another study that has shown 
hyperconnectivity between DMN and posterior-cortical 
region.4 Except for resting-state brain FC and large- 
world analyses, regional homogeneity (ReHo) has been 
the chief procedure employed for detecting local neural 
synchronization by measuring similarities of intra-regional 
time series across the whole brain using regional blood 
oxygenation level-dependent (BOLD) signaling. ReHo 

showed test–retest reproducibility in nearly all gray 
matter6 and was characterized by being purely data- 
driven and by its sensitivity, like ICA.7

ReHo was first proposed by Zang and colleagues in 
2004 in cognitive tasks. At present, ReHo is a valuable 
tool that has been successfully used to detect local neural 
synchronization in normal aging subjects and neurodegen-
erative diseases such as MCI and PD.8–10 Comparisons 
between PD-CN patients and normal controls (NC) 
revealed increased ReHo alterations in the DMN, sensor-
imotor network, basal ganglia, left angular gyrus, and left 
precentral gyrus9,11–13 and reduced ReHo alterations in the 
frontal, occipital, primary sensory cortex, visual network 
and cerebellar regions.11,12,14,15 PD sub-types without cog-
nitive impairment, including tremor-dominant (TD) and 
postural instability gait difficulty-dominant/akinetic-rigid- 
dominant (PIGD) PD patients, showed abnormal ReHo 
indices in the DMN.11,12,14,15 Besides the cross-sectional 
study, a longitudinal study with a 2-year follow-up on PD 
patients with normal conditions exhibited decreased ReHo 
in the DMN over time.17 Only a few studies have applied 
ReHo for detecting local neural synchronization in cases 
of PD-MCI.11,14 For example, comparison between PD- 
MCI patients and NC showed increased ReHo alterations 
in the limbic lobe and left fusiform gyrus, decreased ReHo 
alterations in the left lingual gyrus, left thalamus, left 
cerebellum and right supplementary motor area.11,14 On 
the whole, previous reports have chiefly focused on com-
parisons between PD-MCI patients and NC or PD-CN 
patients and NC. The comparison of PD-MCI, PD-CN, 
and NC groups in one study is helpful for investigating 
PD-MCI- and PD-CN-related regional brain neural activity 
accurately to have a deeper understanding of the patho-
physiology of PD-MCI. To date, two research using the 
ReHo method has explored changes in local brain function 
in PD-MCI compared with PD-CN patients and NC. One 
research reported increased spontaneous synchrony in the 
DMN14 while the other one presented opposite result in 
comparison with PD-MCI and PD-CN patients.11 

Moreover, both of the two research did not record the 
levodopa equivalent daily dose (LEDD) of the PD 
patients.14

Therefore, the main goal of this study was to examine 
local neural synchronizations in PD-MCI and to compare 
them to those of PD-CN patients and NC using ReHo 
analysis, behavioral scales, and such clinical data as 
LEDD, clinical type, and disease duration. We hypothe-
sized that ReHo alterations in the DMN would differ 
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between the PD-MCI group and the PD-CN and NC 
groups and that ReHo alterations would be correlated 
with neuropsychiatric parameters.

Patients and Methods
Participants
In total, 49 patients were recruited from June 2017 to 
July 2018 from among inpatients and outpatients of the 
Department of Neurology, Guangdong Second Provincial 
General Hospital. Thirty patients were diagnosed as PD- 
MCI,18 and 19 patients were diagnosed as PD-CN. All 
participants were right-handed.

The inclusion criteria for patients were as follows: (1) 
a clinical diagnosis of idiopathic PD using the UK PD 
Society Brain Bank diagnostic criteria19 and (2) an age 
range from 40 to 80 years.

The exclusion criteria for patients were as follows: (1) 
PDD and other types of dementia (Alzheimer’s disease, 
dementia with Lewy body, frontotemporal dementia, and 
vascular dementia), (2) A revised Hoehn and Yahr (H-Y) 
score > III, (3) Significant psychiatric, neurological, or 
systemic comorbidity, (4) Contraindications as assessed 
using MRI scanning, (5) Oral intake of psychotropic 
agents and anticholinergic drugs, and (6) Secondary par-
kinsonism and parkinsonism-plus syndromes.

Twenty-one age, sex matched NC were recruited. The 
exclusion criteria included (1) the presence of MCI, (2) 
depression or dysthymic disorder (American Psychiatric 
Association (1994) Diagnostic and statistical manual of 
mental disorders, 4th edition, American Psychiatric 
Association, Washington, DC), (3) significant neurological 
or systemic disease, and (4) contraindications to MRI 
scanning. The study was approved by the Ethics 
Committee of Southern Medical University and the 
Second School of Clinical Medicine Institutional Review 
Board, which was carried out in accordance with the 
Declaration of Helsinki. All subjects provided written 
informed consent.

Clinical and Neuropsychological 
Assessment
The demographics, family history and past history of sub-
jects, disease duration, clinical types, LEDD, presence 
with hyposmia, values of uric acid, and homocysteine of 
patients were recorded by neurological specialists.

The Montreal Cognitive Assessment (MoCA) and the 
Mini-Mental State Examination (MMSE) were administered 

to evaluate the global cognition of all subjects. Cutoff points 
for the MMSE were >17 for illiteracy, >20 for primary 
education, and >24 for junior and higher education.

PD-MCI was diagnosed according to the Movement 
Disorder Society Task Force, Level 1 diagnostic criteria, 
which simplified classification by not providing PD-MCI 
subtypes. PD-MCI defines subjective or objective cogni-
tive impairment as an MoCA <26 and an absence of daily 
living activity (ADL) dysfunctions.20 PD-CN was defined 
as an MoCA ≥26 and an absence of ADL dysfunctions.

The Unified Parkinson’s Disease Rating Scale motor sub-
score (UPDRS-III) and Revised H-Y Scale were adminis-
tered to evaluate the motor status and disease severity of the 
patients. The Hamilton Depression Rating Scale (HAMD) 
and the Hamilton Anxiety Rating Scale (HAMA) were admi-
nistered to evaluate depressive and anxiety symptoms.

MRI Data Acquisition
An RS-MRI was obtained from each of the participants 
using a 3.0-T MR imager (Ingenia; Philips, Best, The 
Netherlands) equipped with a 32-channel head coil at the 
Department of Medical Imaging in Guangdong Second 
Provincial General Hospital. The RS-fMRI data were 
acquired using gradient echo-planar imaging (EPI) set to 
the following parameters: repetition time (TR)/echo time 
(TE) = 2000 ms /30 ms; acquisition matrix = 64 ×64; 
field of view (FOV) = 230 mm× 230 mm; flip angle (FA) 
= 90°; slice thickness = 3.6 mm, 0.6 mm gap; interleaved 
scanning; and 38 transverse slices covering the whole 
brain. Two hundred forty volumes were obtained for 
each participant within 480 s, and each volume was 
aligned along the anterior-posterior commissure. 
Additionally, T1-weighted and T2-FLAIR images were 
obtained in order to detect any brain lesions. The T1- 
weighted images were obtained using a fast field echo 
(FFE) pulse sequence set according to the following 
parameters: TR/TE = 25 ms /4.1 ms; FA = 30°; acquisi-
tion matrix = 256 × 256; FOV = 230 mm× 230 mm; and 
slice thickness = 1.0 mm. One hundred sixty sagittal 
slices were obtained. Each participant was instructed to 
lie still and to avoid falling asleep or having extraneous 
thoughts during MR scanning.

Data Processing and ReHo Calculations
All EPI data were processed using a DPARSF 3.0 
Advanced Edition (http://rfmri.org/DPARSF). The first 10 
volumes were discarded to allow for magnetic field 
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stabilization and adaptation of the participants to fMRI 
noise. The remaining RS-fMRI datasets were corrected 
for intra-volume acquisition time delay, inter-volume 
head motion, and co-registration with the anatomical 
scan. The co-registered anatomical images were segmen-
ted into gray matter, white matter, and cerebrospinal fluid. 
Functional images were then normalized with respect to 
the Montreal Neurological Institute (MNI) space with an 
isotropic voxel size of 3mm x 3mm x 3mm. No participant 
data sets were eliminated in this step. A regression analy-
sis was also done to minimize distortion due to head 
motion (Friston 24 models), cerebrospinal fluid, and 
white matter. No participants had head motion exceeding 
1.0 mm of maximal displacement and 1.0 of maximal 
rotation in any direction. High-frequency physiological 
noise and low-frequency drift were subsequently filtered 
(0.01–0.08 Hz).

ReHo was calculated based on the assumption that 
voxels within the functional brain region were synchro-
nized with the BOLD time series. Kendall’s coefficient of 
concordance (KCC) was used to measure ReHo of the 
time series of a given voxel with those of its nearest 26 
neighbors in a voxel-wise way. The degree of regional 
temporal synchronization of the cluster was modeled 
using the ReHo value applied to a given voxel in the 
cluster center. For optimization, each ReHo map was 
divided by the average KCC of the brain. Then, the stan-
dardized ReHo map was spatially smoothed at 8-mm full- 
width using a half-maximum (FWHM) Gaussian kernel.

ReHo calculation: The ReHo algorithm measures 
voxel-wise short-distance FC with Kendall’s coefficient 
of concordance using the following formula:

W ¼
∑N

i¼1 Ri
2 � N �R2

1
12 K2 N3 � Nð Þ

where W is Kendall’s coefficient of concordance among 
the given voxels, N denotes the length of the time series, 
K = 27 is the size of the voxel cluster containing 3 × 3× 3 
adjacent voxels, Ri denotes the summation of the rankings 
of the BOLD signal amplitude of all K voxels at the ith 
time point, and R is the mean of Ri.

Statistical Comparisons and Correlations 
Analysis
To analyze the statistical differences between the PD-MCI, 
PD-CN, and NC groups, we performed analysis of covar-
iance (ANCOVA) tests on the ReHo maps and post-hoc 

analysis to test pairwise significance. The effect of size 
was calculated using partial eta-squared (η2) multiple 
comparisons correction according to the Bonferroni 
method. During ANCOVA analysis, we regressed out the 
age, gender, education years, scores of HAMA and 
HAMD.

In addition, we assessed the significance of gender 
with a chi-square (χ2) test and that of age, and educa-
tional level using an ANOVA. Additionally, post-hoc 
pairwise comparison was performed with the Bonferroni 
method. The respective scores for MMSE, MOCA, 
HAMA, and HAMD were analyzed by Kruskal–Wallis 
test. The Mann–Whitney U-test was followed to detect 
differences between two groups. The Mann–Whitney 
U-test was used to compare disease duration, LEDD, 
scores of Revised H-Y, and UPDRS III between the PD- 
MCI and PD-CN groups. Spearman rank correlations 
were performed to determine whether the ReHo metrics 
were associated with clinical indicators (scores of 
Revised H-Y, UPDRS III, LEDD, MMSE, MOCA, 
HAMA, and HAMD), and mean ReHo values from the 
clusters exhibiting significant group differences were 
assessed as independent variables with age, gender, and 
years of education as covariates. The Benjamini– 
Hochberg correction was applied to control the false 
discovery rate. Variables were assessed for normality 
with Kolmogorov–Smirnov test. All of the statistical 
thresholds were set at 0.05 (2-tailed). All statistical com-
parisons were conducted with SPSS 22 statistical soft-
ware (SPSS Inc., Chicago, III., USA) and Statistical 
Parametric Mapping, version12 (SPM12, http://www.fil. 
ion.ucl.ac.uk/spm) running on MATLAB (MathWorks, 
Inc., Natick, MA, USA).

Results
Demographics and Clinical Data
Demographics and clinical data for each group are pro-
vided in Table 1. No significant differences among the 
three groups were found with respect to age or gender 
(P> 0.05), nor were there significant differences between 
the PD-MCI and PD-CN groups with respect to disease 
duration, revised H-Y scores and LEDD (P>0.05). 
Significant differences between the PD-MCI and PD-CN 
groups were found for the UPDRS III score and years of 
education (P<0.05). Statistically significant differences 
between the three groups were observed in the years of 
education and in the scores of MMSE, MOCA, HAMA, 
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and HAMD (P<0.05). No differences were detected in the 
MMSE and MoCA scores between of the PD-CN and NC 
groups (P>0.05). Significant differences in the MMSE and 
MoCA scores were observed between the PD-MCI and 
PD-CN groups (P<0.05) and between the PD-MCI and NC 
groups (P<0.05). Significant differences were also 
observed in the HAMA and HAMD scores between the 
PD-MCI and NC groups (P<0.05) and between the PD-CN 
and NC groups (P< 0.05).

ReHo Analyses
Compared to the NC group, the PD-CN group had sig-
nificantly higher ReHo values in the right middle frontal 
gyrus (MFG) and significantly lower ReHo values in the 
left supramarginal gyrus (SMG), bilateral inferior parietal 
lobule (IPL), and the right postcentral gyrus (PCG) 
(Figure 1 and Table 2).

Compared to the PD-CN group, the PD-MCI group 
exhibited significantly higher ReHo values in the left mid-
dle occipital gyrus (MOG), the left IPL, and the right PCG 
(Figure 2 and Table 2).

Correlation Between the ReHo Values 
and Clinical Data
No significant correlations between the ReHo values and 
the clinical data (disease duration, scores of Revised H-Y, 
LEDD, MMSE, MOCA, HAMA, and HAMD) were found 
in the three groups.

Discussion
In the present work, we attempted to investigate how 
changes in local neural synchronization differed between 
NC, PD-CN, and PD-MCI groups using the ReHo method. 

Table 1 Demographic and Clinical Data in PD-MCI, PD-CN and NC Group

Demographic and Clinical PD-MCI (n=30) PD-CN (n=19) NC (n=21) P

PD-MCI vs NC PD-CN vs NC PD-MCI vs PD-CN

Age (years)a 61.37±11.37 58.74±10.93 60.76±5.22 0.65 0.32 0.57

Gender (F/M) b 14/16 5/14 13/8 0.08 0.06 0.08

Education (years) a 8.00±4.06 11.11±3.02 9.76±4.09 0.10 0.09 0.02

Disease duration (years) c 3.1(1.5–6.5) 2.5(1.0–4.7) NA NA NA 0.4

Revised H-Y score c 2.4(1.0–3.0) 1.5(1.0–2.5) NA NA NA 0.06

UPDRS III c 30.55(17.11–40.22) 21.34(15.24–29.56) NA NA NA 0.01

LEDD c 181.58(111.02–434) 168.01(50.03–300.00) NA NA NA 0.83

HAMA d 9(7–17) 10(6–17) 3(2–5) 0.00 0.00 0.98

HAMD d 10(6–15) 8(5–16) 4(2–6) 0.00 0.00 0.90

MMSE d 26(24–28) 28(27–29) 29(27–30) 0.00 0.75 0.00

MoCA d 22(19–25) 27(26–29) 27(26–29) 0.00 0.89 0.00

Notes: Parametric data are shown as means ± standard deviations. Non-parametric data are shown as median (interquartile range). aP values were calculated using one-way 
analysis of variance; bP values were calculated using chi-square (χ2) test, post-hoc pairwise comparison: the Bonferroni method; cP values were calculated using Mann– 
Whitney U-test; dP values were calculated using Kruskal–Wallis test. 
Abbreviations: PD, Parkinson’s disease; NC, normal controls; PD-MCI, PD patients with mild cognitive impairment; PD-CN, PD patients with cognitively normal; NA, non- 
available; F, female; M, male; Revised H-Y score, Revised Hoehn and Yahr score; UPDRS III, Unified Parkinson’s Disease Rating Scale motor subscore; LEDD, levodopa 
equivalent daily dose; HAMA, Hamilton Anxiety Rating Scale; HAMD, Hamilton Depression Rating Scale; MoCA, Montreal Cognitive Assessment; MMSE, Mini-Mental State 
Examination.

Figure 1 Changes in ReHo in the PD-CN group compared with the NC group 
(P<0.05, corrected with Bonferroni method). Regions with significantly increased 
ReHo included the right middle frontal gyrus (MFG). Regions with significantly 
decreased ReHo included the left supramarginal gyrus (SMG), bilateral inferior 
parietal lobule (IPL), and right postcentral gyrus (PCG).
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Our findings revealed that the PD-CN group underwent 
significant decreases in ReHo values in the left SMG and 
bilateral IPL within the DMN, but increases in ReHo 
values in the right MFG in comparison with NC. Our 
data also showed that ReHo values in the PD-MCI group 

were significantly increased in the left MOG and IPL 
when compared with that in the PD-CN group.

The PD-CN group showed significantly lower ReHo 
values in the left SMG and bilateral IPL when compared 
with NC. Within the DMN, SMG and IPL are both main 
components. The DMN is thought to be involved in mind- 
wandering, monitoring the world around us, and integra-
tion of cognitive and emotional processing. In addition to 
effects seen in normal aging, the DMN also appears to be 
involved in the etiopathology of neurodegenerative dis-
eases such as PD, Alzheimer’s disease, and Huntington’s 
disease.10,21,22 In agreement with previous studies, our 
study showed decreased ReHo in the DMN in the PD- 
CN group. For example, using ICA analysis, studies on 
PD-CN patients have shown decreasing FC of the IPL 
within the DMN that was positively correlated with visual- 
spatial performance.22,23 Using degree centrality (DC), 
freezing of gait (FOG) of PD-CN patients has also been 
correlated with DMN changes indicating the presence of 
pathological damage.24 Evidence from ASL research on 
cognitively normal patients with PD showed that hypoper-
fusion in the left SMG was negatively correlated with 
global cognitive performance, consistent with our result.3 

ReHo presumes that the hemodynamic characteristics of 
each voxel are synchronized with that of every other 
within a functional cluster, and this synchronization can 
be altered or adjusted by different conditions. Decreased 
ReHo values indicate that local neural synchronization 
deviate from the NC. It is surmised that hypoactivation 

Table 2 Regions Showing ReHo Differences Among the PD-MCI, PD-CN and NC Groups (P < 0.05, Corrected with Bonferroni 
Method)

Brain Region Voxel Size MNI Coordinaties Peak t value

X Y Z

PD-CN vs NC
R middle frontal gyrus 12 36 63 9 3.48

L supramarginal gyrus 44 −54 −21 42 −4.614

R inferior parietal lobule 14 45 −36 45 −3.499
L inferior parietal lobule 13 −42 −45 54 −4.239

R postcentral gyrus 24 54 −21 54 −4.03

PD-MCI vs PD-CN

L middle occipital gyrus 13 −33 −81 18 3.930

L inferior parietal lobule 18 −39 −45 51 4.210
R postcentral gyrus 10 57 −21 51 3.96

PD-MCI vs NC
None

Abbreviations: L, left; R, right; MNI, Montreal Neurological Institute.

Figure 2 Changes in ReHo in the PD-MCI group compared with the PD-CN group 
(P<0.05, corrected with Bonferroni method). Regions of significantly increased 
ReHo included the left middle occipital gyrus (MOG), the left inferior parietal 
lobule (IPL), and the right postcentral gyrus (PCG).
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of the DMN may be due to poor regulation of local neural 
synchronization indicating PD-related damage.9,24 Thus, 
we posit that the decreased ReHo in DMN may be related 
to the cognitive impairment of PD and may play a role in 
the development of PD-associated cognitive decline.

ReHo in the right MFG was significantly increased in 
the PD-CN group. The MFG is a major component of the 
dorsolateral prefrontal cortex, which mediates higher-order 
cognitive functions such as executive attention, motor 
planning, decision making, and theory of mind.25,26 Our 
results were consistent with previous research showing 
that PD patients increased the fractional amplitude of low- 
frequency fluctuations (fALFF) or ReHo values in the 
right MFG compared with NC, which reflected 
a compensatory mechanism for cognitive dysfunction 
enabling the retention of cognitive performance.9,27 The 
higher intrinsic FC of the right MFG has also been 
reported in dyslexia.26 PD-CN patients with FOG showed 
a higher DC value in the right MFG than the NC indicat-
ing that PD-FOG has significant cognitive dysfunction 
involving frontal lobe executive impairment.24 The right 
MFG is reported to be involved in decision-making in 
PD.28 Increased ReHo in the right MFG may, therefore, 
compensate for dysfunctional decision-making and loss of 
executive function, so the PD-CN patients may lack any 
visible signs on cognitive decline.

In our study, the ReHo of the DMN subsystems 
decreased but the right MFG increased when comparing 
PD-CN patients with NC. In the normal subjects, some 
scholars reported the DMN deactivated and right frontal 
and parietal cortex activated during attentional lapses.29 

Increased ReHo of the right MFG in PD patients might 
reflect compensation for impaired executive function.8,30 

Interruption of the dynamic equilibrium between the MFG 
and the DMN may reduce the ability of the cognitive 
system to prepare for future task execution in PD-FOG 
patients.24 Just like Peter, Boord and colleagues saw 
reduced resting connectivity to the DMN in the PD- 
nondemented patients but more activation to the frontopar-
ietal network during increased executive challenge.31 

Taken together, the hyperactivation of the right MFG and 
hypoactivation of DMN may be a compensatory mechan-
ism for counteracting cognitive decline prior to the appear-
ance of MCI in PD due to executive deficits.

PD-MCI patients showed significantly higher ReHo in 
the left MOG when compared with PD-CN patients. PD 
patients exhibited a variety of problems in vision or visual- 
spatial function such as visual hallucination or even early 

stages of FOG.32 The occipital lobe is essential to mem-
ory-related, visual-spatial information processing and in 
perceptive priming,33,34 and MOG is a component of the 
visual cortex. PD patients with visual hallucination display 
abnormal ALFF values in the visual cortex.35 Additionally, 
increased ReHo values are observed in the left visual 
cortex of PD patients with PIGD in comparison with TD, 
which may be associated with visual deficits.16 Finally, 
both PD patients off medication and PD-MCI patients 
depicted increased ReHo in the left MOG in comparison 
with NC.13,15,16 In other words, it is possible that the ReHo 
alterations observed in the left MOG may be related to 
a dysfunction of vision and visual-spatial capacity in PD- 
MCI patients.

PD-MCI patients showed significantly higher ReHo in 
the left IPL when compared with PD-CN patients. It is 
known that the IPL takes part in various cognitive func-
tions such as spatial attention, language processing, and 
episodic memory retrieval.36,37 The IPL is also a sensory 
motor interface for integration of sensory feedback, espe-
cially visual and proprioceptive information.38 Our obser-
vations align with those of prior studies on MCI, multiple 
sclerosis and PD patients. Evidence from research on MCI 
showed increases in ReHo values and intrinsic connectiv-
ity in the IPL, findings which may reflect overwork in 
network resources and compensatory recruitment for 
early-stage cognitive deficits.10,39 In the patients with mul-
tiple sclerosis, the connectivity of inferior parietal gyrus 
increased with worse cognition which maybe caused by 
cortical plasticity or reduction in white matter integrity.40 

PD patients having FOG showed increased ALFF in the 
left IPL compared to those without FOG.41 Increased 
ReHo values were observed in the left IPL in PD patients 
even in early stages or during visual 
hallucinations.9,16,35,42 Using ICA analysis, Baggio and 
colleagues discovered increased connectivity between the 
DMN and medial and lateral occipito-parietal regions in 
PD-MCI patients. The disruption of these dynamic cou-
pling mechanisms may worsen visuo-spatial/visuo- 
perceptual performance.4 Dopaminergic and cholinergic 
denervation are the main neurophysiological mechanisms 
associated with cognitive dysfunction in PD.43 RS-fMRI 
meta-analysis of PD subjects revealed abnormal intrinsic 
functional patterns located mainly within the posterior part 
of the left IPL that constitutes a compensatory process for 
countering inefficient processing within the basal ganglia 
and that is due to dopamine depletion.44 Together, we 
conclude that the increased ReHo in the left IPL which 
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contributes to cognitive dysfunction, may be due to the 
neuropathological damage.

The PD-CN group showed significantly lower ReHo 
values in the right PCG when compared with NC. The 
PCG is a cortical core in somatosensory processing, invol-
ving, for example, the somatic sensoria for external 
stimuli.45 It receives sensory input subsequent to motor- 
execution for successive fine-tuning. Deficits in the per-
ception of painful, tactile, thermal, and proprioceptive 
inputs, moreover, are common in PD.46 Also, repetitive 
transcranial stimulation can access the PCG as 
a stimulation target to alleviate clinical symptoms.47 The 
neuronal dysfunction of the sensorimotor cortex in striatal- 
thalamo-cortical loops can predominate in the initial stages 
of PD and cause motor difficulties.48 Accordingly, the 
decreased ReHo in the right PCG may be related to an 
early stage of PD.13 Hypoactivation in the right PCG of 
PD patients has been observed in previous RS-fMRI 
studies,13,17,24 whereas the PD-MCI group showed signifi-
cantly higher ReHo values in the right PCG when com-
pared with the PD-CN group. Overactivation of the 
sensorimotor cortex has been reported in PD and MCI 
patients. Some scholars posit that the increased ReHo in 
the PCG may be interpreted as a compensation for cogni-
tive function decline,8,16 while others propose that the 
cortical reorganization after anti-parkinsonian medication 
in the later stage of PD plays a part in the increased ReHo 
in the PCG.49 In sum, the decrease in ReHo in the right 
PCG of the PD-CN group may be responsible for the 
disruption of somatosensory processing, and the increase 
in ReHo in the PD-MCI group may be responsible for 
a compensation of cognitive dysfunction or cortical 
restoration after dopamine replacement.

Our study has several limitations. First, the sample 
size of each group is relatively small. Small sample size 
can limit identification of minor local neural synchroni-
zation that correlates with MCI in PD and increases the 
rate of false-negatives.8,24 In the future, a larger sample 
size of PD patients will be recruited to strengthen our 
results. Second, there are both drug-naïve and regular 
dopaminergic replacement therapy PD patients for con-
ducting this research. The potentially confounding effects 
of dopaminergic treatment on cognitive function are still 
being debated.50 Nevertheless, our correlation analysis 
did not show any significant association between ReHo 
indices and the LEDD. Third, in our research we adopted 
limited cognitive evaluation. Evaluation of different cog-
nitive domains usually requires longitudinal studies, 

which are difficult for patients to undergo. In our study, 
we chose two global cognitive scales that were non- 
specific. In the future, if our subjects can participate, 
comprehensive neuropsychological examinations should 
be adopted. Fourth, the PD-CN group had more years of 
education (11.11±3.02) compared with that of PD-MCI 
(8.00±4.06) and NC (9.76±4.09) groups. Higher educa-
tion levels were generally associated with significantly 
better cognitive performance and a small but significant 
slowing in cognitive decline.51 We have already taken 
these factors into account in our statistical analysis. 
Therefore, we can limit the impact of the education-year 
in our conclusions from the two subgroups as far as 
possible. Finally, the present research is cross-sectional. 
In the long run, longitudinal investigations may provide 
insight into the causal relationship between the progres-
sion of cognitive impairment and ReHo changes. This 
may be due to the above factors, in which no significant 
differences were found between PD-MCI patients and 
NC. Unexpectedly, there was no significant correlation 
between the ReHo values and the neuropsychological 
scales also.

Conclusion
In summary, our research on ReHo values obtained 
from the DMN demonstrated an impairment before 
cognitive deterioration occurred in PD subjects. The 
increased ReHo in the right MFG may be attributed to 
maintain executive ability in PD-CN patients. The 
present study revealed that the increased ReHo in the 
left MOG may be related to a dysfunction of vision 
and visual-spatial ability. The increased ReHo in the 
left IPL may be caused by neuropathological changes 
and resulted in cognitive deficits in PD-MCI patients. 
The ReHo changes in spontaneous regional brain 
activity may be useful for characterizing the neurophy-
siology of PD-MCI and may be a valuable method for 
the early detection of PD-MCI.
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