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Objective: Patients with rapid eye movement (REM) sleep behavior disorder (RBD) in Parkinson’s disease (PD-RBD) tend to have
poor cognitive performance and faster cognitive deterioration, and the potential mechanism is still ambiguous. Therefore, this study
aimed to detect the alterations in local brain function in PD-RBD.

Methods: Fifty patients, including 23 patients with PD-RBD and 27 patients with PD without RBD (PD-nRBD), and 26 healthy
controls were enrolled. All subjects were subjected to one-night polysomnography and underwent resting-state functional magnetic
resonance imaging (rs-fMRI). The fMRI images of the three groups were analyzed by regional homogeneity (ReHo) to observe the
local neural activity. Correlations between altered ReHo values and chin electromyographic (EMG) density scores and cognitive scores
in the PD subgroups were assessed.

Results: Compared with the patients with PD-nRBD, the patients with PD-RBD had higher ReHo values in the frontal cortex (the
right superior frontal gyrus, the right middle frontal gyrus and the left medial superior frontal gyrus), the right caudate nucleus and the
right anterior cingulate gyrus, and compared with the HCs, the patients with PD-RBD had lower ReHo values in the bilateral cuneus,
the bilateral precuneus, the left inferior temporal gyrus and the left inferior occipital gyrus. For the patients with PD-RBD, the phasic
chin EMG density scores were positively correlated with the ReHo values in the left medial superior frontal gyrus, and the tonic chin
EMG density scores were positively correlated with the ReHo values in the right anterior cingulate gyrus.

Conclusion: This study indicates that increased ReHo in the frontal cortex, the caudate nucleus and the anterior cingulate gyrus may
be linked with the abnormal motor behaviors during REM sleep and that decreased ReHo in the posterior regions may be related to the
visuospatial-executive function in patients with PD-RBD.
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Introduction

Rapid eye movement (REM) sleep behavior disorder (RBD) is a parasomnia characterised by abnormal behaviors during
REM sleep, such as talking, laughing, kicking and leaping from bed, and allowing the loss of normal skeletal muscle
atonia (also known as REM sleep without atonia, or RSWA, considering the increased electromyographic (EMQG)
activity) which is classified as tonic RSWA or phasic RSWA.' The incidence of RBD in Parkinson’s disease (PD-
RBD) is up to 35-60%,” and it has been increasing over time.* It has been reported that RBD is the predictor of the
diffuse/malignant PD phenotype for whom the progression rate of PD may be the most rapid.” Moreover, the patients
with PD-RBD tend to have poor cognitive performance and faster cognitive deterioration, eg, declines in visuospatial—
executive function.®” One study found that decreased functional connectivity in the posterior regions may be related to
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the visuospatial-executive function.® However, the relevant research on the visuospatial-executive function in patients
with PD-RBD using the resting-state functional magnetic resonance imaging (rs-fMRI) method is still scarce.

During normal REM sleep, the excitatory projection from the subcoeruleus/prelocus coeruleus complex activates the
inhibitory ventromedial medulla and the nucleus of the spinal cord, which results in the hyperpolarization of the spinal cord
and prevents the REM muscle tone.”'” During RBD, the deterioration of the circuit of the subcoeruleus/prelocus coeruleus
complex—ventromedial medulla—spinal motor neuron may lead to the loss of muscle atonia, allowing abnormal behaviors to
occur during the REM sleep phase.”'® With further research, other studies have reported that dysfunction of the neocortex and
limbic system may be related to the abnormal behaviors in patients with PD-RBD.'"!? In terms of the origin of aberrant motor
behaviors in RBD, there are two different hypotheses: the cortical hypothesis and the brainstem hypothesis.” During normal
REM sleep, the ventromedial medulla inhibits the spinal cord, preventing the motor cortex from producing movement. The
former hypothesis proposed that the motor cortex can produce abnormal movements considering the impaired ventromedial
medulla in RBD. Likewise, ventromedial medulla also can inhibit the spinal cord, which prevents the red nucleus from
producing movement during normal REM sleep. The latter hypothesis proposed that the red nucleus can produce aberrant
movements considering the impaired ventromedial medulla in RBD. In addition, in terms of the neocortex and limbic system,
the specific mechanism of RBD in PD detected by fMRI methods remains controversial yet. A few studies have investigated
PD-RBD-related functional abnormalities, with one study finding decreased brain activity in the primary motor cortex and
premotor cortex using the amplitude of low-frequency fluctuations, which were associated with the motor behaviors during the
REM sleep.'? Other studies showed the increased centrality role of the frontal-temporal regions and limbic system, which
were also related to the motor behaviors.'>'* The literature on rs-fMRI in PD with RBD is still scarce, and there is no evidence
of a clear pattern of functional abnormalities in this clinical PD subtype.

Resting-state functional magnetic resonance imaging can reflect constant brain activity based on blood oxygen level-
dependent fluctuations in low frequencies'> and has been applied to the diagnosis and research of PD.'®!” Regional
homogeneity (ReHo), as a commonly used method of fMRI, can measure the resemblance of a given voxel to its nearest
neighbours in terms of the time series in a voxelwise method and represent changes in the local brain region synchronously at
the whole-brain level.'® A region with an increased ReHo can suggest a topical functional unit. Instead, it may indicate local
aberrant neural activities, which means a state of desynchronized function.'” ReHo has been frequently used to explore the
abnormalities in brain activities’>' and has even been used as a suitable noninvasive imaging marker for PD.**?® Thus, we
used the ReHo method to study the brain neural activity among the patients with PD-RBD, PD without RBD (PD-nRBD) and
healthy controls (HCs) to further elucidate the neural substrates of REM sleep motor activity. We also correlated functional
activity with the tonic and phasic REM sleep motor activity (or RSWA) and cognitive function in PD-RBD.

Materials and Methods

Participants

A total of 23 PD-RBD patients (5 females and 18 males) and 27 PD-nRBD patients (9 females and 18 males), aging from
50 to 75 years, were recruited from Nanjing Brain Hospital Affiliated to Nanjing Medical University and diagnosed with
PD in accordance with the UK Parkinson’s Disease Brain Bank criteria®* from July 2015 to December 2018. At the same
time, 26 HCs (12 females and 14 males) matched to the PDs in terms of age, sex and education were recruited. Participants
who had parkinsonism, dementia, psychiatric disorders according to DSM-5 criteria,?> obstructive sleep apnoea syndrome,
epilepsy, claustrophobia and artifacts were excluded. All participants were right-handed. Prior to the fMRI scan, all
participants underwent comprehensive examinations during the off-state for 12—15 h. The approval of the Medical Ethics
Committee of Nanjing Brain Hospital Affiliated to Nanjing Medical University was obtained (2015-KYO015). All subjects
recruited into this study provided written informed consent.

Demographic and clinical data, including age, education, sex, disease duration and clinical symptoms, were registered
on the same day. Levodopa equivalent daily dose (LEDD) was calculated according to the previous research.”® The
Unified PD Rating Scale-II1 (UPDRS-III) and H&Y stage were used to assess the motor symptoms and disease severity
of patients with PD.?"*® The Montreal Cognitive Assessment (MoCA), MoCA domain and Hamilton Depression Rating

Scale (HAMD) were applied to evaluate the cognitive function and psychological symptoms.?*~°
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Table | Demographic and Clinical Characteristics of All Subjects

PD-RBD (N = 23) | PD-nRBD (N = 27) | HCs (N = 26) | P value
MeaniSD MeanzSD MeanxSD
Age (years) 66.65 + 7.06 63.26 + 7.56 62.73 + 633 0.12
Education (years) I1.13 £3.02 10.52 + 2.77 11.62 +2.35 0.36
Sex (female/male) 5/18 9/18 12/14 0.20
Disease duration (years) 7.30 £ 442 6.04 £ 3.46 NA 0.30
UPDRS-III 3148 = 11.51 29.89 + 15.25 NA 0.68
H&Y stage 2.52 + 0.86 2.50+0.89 NA 0.93
LEDD (mg/day) 614.83 + 246.36 569.13 + 200.15 NA 0.47
MoCA 26.52 £ 1.27 26.52 + 1.42 27.27 + 1.67 0.12
MoCA-visuospatial /executive function | 3.44 + 0.99° 3.85 £ 0.82 4.23 + 0.65 0.0l
MoCA-naming 2.70 £ 0.56 2.85 + 0.36 2.81 + 0.40 0.57
MoCA-attention 5.78 + 0.52 5.70 £ 0.61 5.69 + 0.62 0.86
MoCA-language 2.87 +0.34 293 +0.27 2.96 + 0.20 0.49
MoCA-abstraction 1.78 £ 0.52 1.67 £ 0.48 1.88 + 0.33 0.15
MoCA-delayed memory 4.04 £ 093 352+ 0.75 3.85+0.78 0.09
MoCA-orientation 5.87 + 0.34 5.96 + 0.19 5.88 + 0.33 0.47
HAMD 6.48 + 2.81 6.74 + 3.21 5.04 + 1.69 0.76
Tonic chin EMG density scores 39.92 + 22.34%° 10.67 + 6.01 9.14 £ 4.13 <0.05
Phasic chin EMG density scores 13.54 + 5.56*° 7.67 £ 3.60 6.54 £ 3.75 <0.05

Notes: One-way analysis of variance analysis was applied in the analysis of age, MoCA, HAMD, tonic chin EMG density scores and phasic
chin EMG density scores; Kruskal-Wallis test was applied in the analysis of education and MoCA domain scores; Chi-square was applied in
the analysis of sex; two-sample t-test for Disease duration, UPDRS-IIl, H&Y stage, LEDD. p < 0.05 was considered significant. *p< 0.05,
differs from the PD-nRBD group; °p< 0.05, differs from the HC group.

Abbreviations: UPDRS-IIl, Unified PD Rating Scale-lll; H&Y stage, Hoehn & Yahr stage; MoCA, Montreal Cognitive Assessment; HAMD,
Hamilton Depression Rating Scale; RBDSQ, REM sleep behaviors disorder screening questionnaire; LEDD, Levodopa equivalent daily dose;
NA, not applicable.

The demographic and clinical data of the participants are shown in Table 1. A total of 76 subjects were included in
this study, and no one was excluded. No significant differences in age (p = 0.12), education (p = 0.36), sex (p = 0.20),
MoCA-naming (p = 0.57), MoCA-attention (p = 0.86), MoCA-language (p = 0.49), MoCA-abstraction (p = 0.15),
MoCA-delayed memory (p = 0.09), MoCA-orientation (p = 0.47) and HAMD (p = 0.76) were found among the three
groups. In addition, no significant differences in disease duration (p = 0.30), UPDRS-III (p = 0.68), H&Y stage (p = 0.93)
and LEDD (p = 0.47) were found between the PD-RBD and PD-nRBD groups. Compared with the HCs, patients with
PD-RBD showed relatively low MoCA-visuospatial skills/executive scores (p < 0.05).

Polysomnography (PSG)
The diagnosis of RBD was based on the American Academy of Sleep Medication criterion.! All subjects underwent one-night
PSG. Subjects who had repeated episodes of behavior or vocalization that were confirmed by PSG to arise during REM and
had no atonia during REM sleep on the PSG were considered as PD-RBD; the others were classified as PD-nRBD or HCs.
The PSG equipment consisted of six standard electrode derivations (C3-A2, C4-Al, O1-A2, O2-Al, F3-A2, and F4-Al)
in order to monitor EEG activity, chin EMG, left and right electrooculograms, electrocardiograms, left and right limb
electromyograms, oral and nasal airflow, thoracic and abdominal movements, body position and pulse oximetry. The sleep
stage and chin EMG activity (tonic chin EMG activity and phasic chin EMG activity) were classified and quantified
according to Montplaisir et al.>' Aberrant muscle activity in the REM sleep stage was identified when the tonic chin EMG
activity exceeded 30% of the total REM sleep time or the phasic chin EMG activity exceeded 15% of the total REM sleep
time.”' Compared with the HCs, patients with PD-RBD showed relatively low tonic chin EMG density scores (p < 0.05)
and phasic chin EMG density scores (p < 0.05). At the same time, compared with the patients with PD-RBD, patients with
PD-nRBD exhibited relatively high tonic chin EMG density scores (p < 0.05) and phasic chin EMG density scores (p <
0.05) (Table 1).
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Functional Magnetic Resonance Imaging Data Acquisition

Magnetic resonance imaging examinations were carried out on a 3.0 T MRI scanner (Siemens, Verio, Germany) equipped
with 8-channel phased-array head coils during the off stage to decrease the medication’s influence on the images,** with
the anti-PD medications discontinued for at least 12 h.*> Subjects were instructed to lie flat, close their eyes, remain
awake in the process of scanning. To restrict head movement, sponge pads were placed on all subjects. T1 images were
acquired using the 3D magnetisation-prepared rapid gradient-echo (3D-MPRAGE) sequence with the following para-
meters: repetition time (TR) = 1900 ms, echo time (TE) = 2.48 ms, flip angle (FA) = 9°, matrix size = 256 x 256, field of
view (FoV) =250 mm X 250 mm, slice number = 176, slice thickness = 1 mm, and slice gap = 0 mm. The total scan time
was 4 min 18s. Functional images were obtained using an echo-planar imaging (EPI) sequence (TR = 2000 ms, TE = 25
ms, FA = 90, matrix size = 64 x 64, FOV =240 mm x 240 mm, slice number = 33, slice thickness = 4 mm, and slice gap
= 0 mm). The total scan time was 8 min 6 s.

Data Preprocessing

Data preprocessing was performed by the Data Processing Assistant for Resting-State fMRI (DPARSEF, http://www.
restfmri.net/forum/DPARSF), which is based on the Resting-State fMRI Data Analysis Toolkit (REST V1.8; http://
www.restfmri.net) and Statistical Parametric Mapping software (SPMS; http://www.fil.ion.ucl.ac.uk/spm). The first

10 volumes of the functional data for each subject were removed. The remaining 230 volumes were processed with
the following steps: slice timing, head-motion correction, T1 segmentation using the diffeomorphic anatomical
registration through exponentiated lie algebra algorithm, spatial normalization into the Montreal Neurological

Institute (MNI) space using the echo-planar imaging template and resampling to 3 x 3 x 3 mm’

, removing linear
drift, detrend and bandpass filtering (0.01-0.08 HZ). No participants were dropped out due to head motion of more
than 2.5 mm of translation or 2.5 of rotation from our study. Individual mean framewise displacement (FD), median
FD, and maximum FD were determined using a prior study,’* taking into account motion-related variances among
the subjects. There were no significant differences in mean FD, median FD, or max FD across the groups (Figure 1).
At the same time, the T1 images were coregistered and segmented using a linear transformation in a unified model.
Then, the grey matter (GM) volume was affine-transformed into MNI space with modulation to obtain the actual

GM values.

Regional Homogeneity
For the time series of each given voxel and those of its nearest neighbours (26 voxels), the Kendall coefficient of
concordance (KCC) was calculated in a voxelwise method. Then, the KCC of each voxel was divided into the average

2.0~ — NS mm PD-RBD
NS NS
! ' ! PD-nRBD
1.5+ B HCs
1.0+ NS NS
| ——— | e |
NS NS NS NS
| D | r—
0.5+
e = 5 = ,
Mean FD Median FD Max FD

Figure | The comparison of framewise displacement between the groups.
Abbreviation: NS, no significance.
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KCC of the whole brain for standardisation. Finally, the ReHo maps were smoothed by the Gaussian filter of 4 mm of full
width at half maximum.

Statistical Analysis

For normally distributed data, the one-way analysis of variance (ANOVA) and two-sample #-test were used. For non-
normally distributed data, the Kruskal-Wallis test was applied. For qualitative data, the chi-squared test was used.
ANOVA analysis was applied for the analysis of age, MoCA, HAMD, tonic chin EMG density scores and phasic chin
EMG density scores; The Kruskal-Wallis test was applied in the analysis of education and MoCA domain scores; the
Chi-square test was used for the analysis of sex; the two-sample #-test was used for disease duration, UPDRS-III and
LEDD. All of the data were compared using SPSS 23.0 statistical analysis software (SPSS Inc. Chicago, IL). The
significance level was set to p < 0.05.

Analysis of covariance (ANCOVA) was used to analyse the difference in ReHo values among the three groups, with
age, sex, education and GM volume as covariates considering their confounding effect.’>>® The significance threshold was
set to voxel-level p < 0.005 (corresponding to cluster-level p < 0.01, as determined by AlphaSim correction). Then, we
extracted the brain areas with significant differences as the mask. The two-sample post hoc ¢-test was performed to create
ReHo maps within the mask between each pair of the three groups (PD-RBD vs PD-nRBD, PD-RBD vs HCs and PD-
nRBD vs HCs). The statistical threshold for the ReHo maps was set to voxel-level p < 0.005 (corresponding to cluster-level
p < 0.01, as determined by AlphaSim correction). Regions with substantial ReHo differences between PD-RBD and PD-
nRBD patients were designated as regions of interest, and mean ReHo values from the regions of interest were retrieved.
Then, correlation studies were performed to determine the link between ReHo values and clinical indices in all PD patients
(PD-RBD and PD-nRBD). Pearson’s correlation was used for normally distributed data; Spearman correlation was used for
nonnormally distributed data. Correlations between the ReHo signals from the brains showing significant differences and
the MoCA, tonic chin EMG activity and phasic chin EMG activity were evaluated using Pearson’s correlation, and the
ReHo values and the MoCA domain scores were evaluated using Spearman correlation with a threshold of p < 0.05.

Results

Regional Homogeneity

The results of ANCOVA showed significant differences in ReHo values among the patients with PD-RBD, PD-nRBD
and HCs. Then, we performed two-sample post-hoc #-test to detect significant differences between each pair of the three
groups (Table 2). Compared with the PD-nRBD group, the PD-RBD group had higher ReHo values in the right superior
frontal gyrus, the right middle frontal gyrus, the left medial superior frontal gyrus, the right caudate nucleus and the right
anterior cingulate gyrus (Figure 2). In addition, the PD-RBD group showed higher ReHo values in the right superior

Table 2 ReHo Differences Among PD-RBD, PD-nRBD and NCs

Brain Region Coordinates MNI Clusters | T Value
(AAL Template) Sizes
x y z
PD-RBD vs PD-nRBD
Right SFG 18 24 36 84 34111
Right MFG 24 24 36 54 4.7345
Left SMFG —4 36 36 31 3.86
Right caudate 20 21 7 44 4.3344
Right ACG 12 36 28 37 4.1454
PD-RBD vs NCs
Right SFG 24 21 37 134 7.1868
Right MFG 25 21 37 108 7.1868
Left SFG -18 24 40 89 5.1756
(Continued)
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Table 2 (Continued).

Brain Region Coordinates MNI Clusters | T Value
(AAL Template) Sizes
x y z
Right putamen 24 21 4 105 5.363
Right thalamus 16 -10 4 6l 6.493
Right ACG 12 33 16 56 3.6306
Right cuneus 12 —78 44 94 —6.0582
Left cuneus -6 -84 32 80 —-5.3199
Right precuneus 12 —78 46 71 —6.0582
Left precuneus -9 —78 48 63 —5.469
Left ITG —54 =51 -15 57 -5.5026
Left IOG =51 —60 -15 45 -3.9124
PD-nRBD vs HC
Left SFG -18 0 51 45 3.7446
Right thalamus 18 -9 23 4.7726
Left thalamus -7 —-12 15 4.1194
Left SOG -21 -84 21 30 —4.1891

Notes: The two-sample t-test performed between two groups. The significance level of GMV was
set at cluster-level corrected p < 0.05 with AlphaSim correction with voxel-level p value < 0.001.
Abbreviations: AAL, automated anatomical atlas; MNI, Montreal Neurological Institute; SFG, superior
frontal gyrus; MFG, middle frontal gyrus; SMFG, superior medial frontal gyrus; ACG, anterior cingulate
gyrus; ITG, inferior temporal gyrus; IOG, inferior occipital gyrus; SOG, superior occipital gyrus.

frontal gyrus, the right middle frontal gyrus, the left superior frontal gyrus, the right inferior frontal gyrus (triangular
part), the right putamen, the right thalamus and the anterior cingulate gyrus but lower ReHo values in the bilateral
cuneus, the bilateral precuneus, the left inferior temporal gyrus and the left inferior occipital gyrus compared with the

PD-RBD VS. PD-nRBD

Figure 2 ReHo differences between PD-RBD and PD-nRBD. The results were displayed in MNI space, the red color represents the increased ReHo, while the blue color

represents the decreased ReHo.
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PD-RBD VS. HCs

+48mm

Figure 3 ReHo differences between PD-RBD and HCs. The results were displayed in MNI space, the red color represents the increased ReHo, while the blue color
represents the decreased ReHo.

HCs (Figure 3). Compared with the HCs (Figure 4), the PD-nRBD group demonstrated higher ReHo in the left superior
frontal gyrus and the bilateral thalamus and lower ReHo in the left occipital gyrus.

Correlation Analysis

In the PD-RBD group, the results showed that the phasic chin EMG density scores positively correlated with the ReHo
values in the left medial superior frontal gyrus (r = 0.44, p = 0.04) and the tonic chin EMG density scores were positively
correlated with the ReHo values in the right anterior cingulate gyrus (r = 0.56, p = 0.01) (Table 3).

Discussion

In this study, we applied the ReHo method to compare the significant differences in neural activity among the PD-RBD
patients, PD-nRBD patients and HCs. This approach may be beneficial to determine the mechanism of the RBD in
patients with PD-RBD. Two important findings were discovered in this study. First, the PD-RBD group showed the
increased ReHo values in the frontal cortex, the caudate nucleus and the anterior cingulate gyrus compared with the PD-
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PD-nRBD VS. HCs

Figure 4 ReHo differences between PD-nRBD and HCs. The results were displayed in MNI space, the red color represents the increased ReHo, while the blue color
represents the decreased ReHo.

nRBD group. The PD-RBD group’s phasic chin EMG density scores were positively correlated with the ReHo values in
the left medial superior frontal gyrus, and their tonic chin EMG density scores were positively correlated with the ReHo
values in the anterior cingulate gyrus for the patients with PD-RBD, which may be linked with the abnormal motor
behaviors during REM sleep. Second, the patients with PD-RBD showed abnormal brain activity in the posterior regions
compared to the HCs, such as the precuneus and occipital gyrus, which may be related to visuospatial-executive
function.

RBD is thought to involve the cortical limbic system, which can control emotions, because the behaviors observed

3% The cortical hypothesis proposes

during RBD are aggressive and the recalled dreams are unpleasant and frightening.
that activation of the limbic system can generate unpleasant dreams and excite the sensorimotor cortex and then produce
the movement in RBD.? The anterior cingulate gyrus, which plays an important role in mood regulation, can be intensely
activated by the nightmares during REM sleep.’” Electric stimulation of the anterior cingulate gyrus could trigger
movements similar to those commonly observed during RBD episodes,*® and one study showed that the decreased GM
volume in the anterior cingulate gyrus might be linked with the mood changes in patients with the PD-RBD.*'

Simultaneously, the frontal cortex is an important part of the motor cortex. A study showed that frontal theta waves
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Table 3 Behavioral Correlations with Abnormal ReHo in PD-RBD and PD-nRBD Group

Right SFG Right MFG Left SMFG Right Caudate Right ACG
r p r p r p r p r p

PD-RBD group
MoCA 034 | 0.1l 0.15 [ 049 | 028 | 0.19 -0.10 066 | —0.10 | 0.69
MoCA-visuospatial skills/executive function | —-0.04 | 0.84 | 0.03 088 | 0.11 0.63 —0.15 0.50 -0.34 | 0.12
MoCA-naming 027 | 022 | 015 | 050 | 033 0.13 0.17 0.43 -0.08 | 0.72
MoCA-attention -027 | 021 | -0.27 | 0.21 | -0.01 | 0.95 -0.29 0.18 | -0.20 | 0.36
MoCA-language 0.14 | 054 [ -0.02 | 093 | 006 | 0.79 -0.23 028 | -021 | 033
MoCA-abstraction 022 | 03I 038 | 0.08 | —0.08 | 0.72 0.12 0.59 0.04 | 0.83
MoCA-delayed memory 009 | 068 | —0.13 | 0.56 | 0.1l 0.66 0.16 0.48 0.26 0.23
MoCA- orientation 020 | 037 | 029 | 0.8 | 0.18 | 042 0.00 0.98 0.25 0.24
Tonic chin EMG density scores 0.18 | 042 | 032 |[0.13 | 027 0.22 0.12 0.60 0.56 | 0.01
Phasic chin EMG density scores -0.26 | 0.23 | -0.21 | 034 | 044 | 0.04 0.06 0.78 0.22 0.32
PD-nRBD group
MoCA 0.15 | 045 | 037 | 0.06 | 024 | 0.23 0.24 0.23 028 | 0.17
MoCA-visuospatial skills/executive function | -0.22 | 0.28 | -0.06 | 0.77 | —0.14 | 0.48 -0.07 0.73 0.23 0.24
MoCA-naming 0.15 | 046 | 0.13 | 0.51 0.08 | 0.69 —0.13 0.51 -0.08 | 0.69
MoCA-attention —0.00 [ 098 | 0.13 | 054 | 0.3I 0.12 0.20 0.32 0.14 | 047
MoCA-language 0.11 0.59 | -0.04 | 086 | —0.07 | 0.72 —0.13 0.53 0.05 0.79
MoCA-abstraction 0.10 | 062 | 035 | 0.07 | 016 | 042 0.33 0.09 0.08 | 0.69
MoCA-delayed memory 027 | 017 | 036 | 0.06 | 0.23 0.60 0.25 0.21 0.13 0.51
MoCA- orientation 0.20 | 0.3l 0.08 | 0.71 0.23 0.26 0.13 0.53 0.33 0.10
Tonic chin EMG density scores 0.15 045 | 0.17 | 040 | 0.25 0.21 0.16 0.42 0.29 0.15
Phasic chin EMG density scores 0.04 | 086 | 0.1l 0.60 | 0.06 0.77 0.21 0.30 0.03 0.87

Note: Bold font represented significant results.

are involved in the processing of emotional memories during REM sleep.*? Previous electroencephalography and MRI
studies have found that the activation and thinning of the frontal cortex may be related to the generation of dream-
enacting behaviors in RBD during phasic REM sleep rather than tonic REM sleep.'?*®*® These interesting findings were
similar to our results that the patients with PD-RBD exhibited the activation in the frontal cortex and the cingulate gyrus,
and the phasic and tonic chin EMG activity was related to the frontal cortex and anterior cingulate gyrus. This
demonstrated that overactivation of the frontal cortex and the anterior cingulate gyrus may be linked with the generation
of the aberrant motor behaviors during REM sleep, which may further support the cortical hypothesis.

The final mechanism of RBD, whether mediated through the cortical hypothesis or the brainstem hypothesis, is that
brainstem injury cannot inhibit the motor neurons of the spinal cord, resulting in movement during REM sleep.” The
restoration of motor control during REM sleep supports a brief reestablishment of the basal ganglia loop in RBD.** Some
researchers found increased betweenness centrality of the caudate nucleus and reduced striatal dopaminergic innervation
in RBD,***® considering that the indirect pathway of the basal ganglia network may result in the overactivity of the
caudate nucleus due to loss of inhibitory nigrostriatal dopaminergic projections, which could restrain brainstem activity
and produce nocturnal movements.*’ Similarly, increased activity in the caudate nucleus was observed in the PD-RBD in
our study, and previous studies found that the PD-RBD patients show more severe nigrostriatal dopaminergic impair-
ment, especially at the caudate level compared with the PD-nRBD patients.**** Thus, we further speculate that the
caudate nucleus may be involved in the mechanism of RBD by exacerbating the alterations of the brainstem network.

Furthermore, we found that the patients with PD-RBD showed changes in the posterior regions in our study, which were
associated with visuospatial-executive function, suggesting that the visual and executive information integration may be related
to their occurrence of cognitive impairment. The parietal-occipital cortex, as an indispensable part of the posterior region, has
been extensively proven to be involved in the acquisition of visuospatial-executive information.’>>' Moreover, it has been
hypothesized that the precuneus implicated in the detailed visuospatial information integration and processing by virtue of
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orchestrating the temporal-parietal-occipital network.”>>* Previous MRI studies have demonstrated that the functional con-
nectivity between the superior occipital gyrus and the superior parietal gyrus, the precuneus and posterior cingulate gyrus were
decreased in patients with PD-RBD, which were related to the poor visuospatial-executive function.®>*>> These results
concurred with our study, where the decreased brain activity in the posterior regions and significant differences in the score of
visuospatial-executive function was exhibited in the PD-RBD group relative to the HCs, suggesting that the PD-RBD group
may represent more serious neurodegeneration in terms of cognitive impairment, especially the visuospatial-executive
impairment.® In addition, Hu et al have demonstrated that visuospatial-executive function impairment might predict the
progression of mild cognitive impairment,® and a longitudinal follow-up study should be conducted.

However, some limitations of this study need to be addressed. First, the sample size of our study was relatively small,
which may limit the examination of minor brain structures that correlate with REM sleep motor activity in PD-RBD.
Thus, the specific neural basis of RBD in PD still needs further analysis using a larger sample size. Second, our results
only represent the activation of some brain regions. The functional connectivity among the caudate nucleus, the anterior
cingulate gyrus and the frontal cortex needs further exploration. At the same time, it is considerable way that we apply
functional connectivity based on machine learning approaches such as support vector machine or deep learning

approaches such as long short-term memory networks to the study of PD-RBD.¢®

Conclusions

In conclusion, we used the ReHo method to investigate the brain activity of PD patients with RBD. Increased ReHo in
the frontal cortex, the caudate nucleus and the anterior cingulate gyrus may be linked with the abnormal motor behaviors
during REM sleep, and decreased ReHo in the posterior regions may be related to declines in visuospatial-executive
function in patients with PD-RBD. These findings extend our knowledge of how PD-RBD affects brain function mainly
involving in the mechanism and cognition.
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