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Abstract
Introduction ‒ Damage to the cerebellar functional net-
work may underlie anxiety symptoms in patients with
Parkinson’s disease (PD). Herein we investigated the
regional homogeneity (ReHo) and functional connec-
tivity (FC) patterns of cerebellar and clinical correlates
in PD patients with anxiety and explored their clinical
significance.
Methods ‒ We enrolled 50 newly diagnosed drug-naïve
PD patients and 30 normal controls (NCs). Twenty-six PD
patients with anxiety symptoms (PD-A) and 24 PD patients
without anxiety symptoms (PD-NA)were sorted into groups
based on the Hamilton Anxiety Scale (HAMA). All included
participants underwent rest-state functional magnetic reso-
nance imaging (rs-fMRI) scanning. Cerebellar FC based on
the seed-based method was used to investigate regional
and whole brain function in PD-A, PD-NA, and NCs, and
the relationship between the abnormal brain function and
anxiety symptoms in PD patients was also detected.
Results ‒ Compared with the PD-NA group and the NCs,
the ReHo value of the PD-A group was significantly

decreased in the left medial frontal gyrus and increased
in the left cerebellum. Further, left-cerebellum-based FC
patterns were used to detect the decreased FC in the right
cerebellum, while FC was increased in the right caudate
nucleus, and the right anterior cingulate cortex (ACC) in
the PD-A group was compared with that in the PD-NA
group. Further, the altered FC between the left cere-
bellum and the right cerebellum was significantly asso-
ciated with anxiety symptoms in the PD-A group.
Conclusion ‒ The present study found abnormal regional
cerebellum function as well as disruptions in the connec-
tivity network within the cerebellum, caudate, and ACC in
patients with PD-A. In addition, the FC between the left
cerebellum and the right cerebellum was associated with
anxiety symptoms in patients with PD. The present study
indicated that cerebellar functional damage may be asso-
ciated with anxiety symptoms in PD patients.
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ReHo regional homogeneity
rs-fMRI rest-state functional magnetic resonance

imaging
ROI region of interest
SPSS statistical product and service solutions
UPDRS-III unified PD rating scale part III
VMHC voxel mirror homotopy connectivity

1 Introduction

Parkinson’s disease (PD), the second most prominent
chronic progressive neurodegenerative disease in middle-
aged and elderly people [1], has anxiety as one of its
common neuropsychiatric symptoms. Studies have shown
that up to 25–50% of the PD patients have varying degrees
of anxiety [2]. It aggravates other motor symptoms,
adversely affects the patient’s daily functioning and dis-
ease prognosis, reduces the patient’s quality of life, and
increases the burden on the caregiver [3]. However, its
insidious clinical symptoms make PDwith anxiety difficult
to identify and diagnose, and it has not received enough
attention from researchers. Current neuromodulation system
studies have suggested that striatum dopaminergic uptake
levels [4], noradrenergic transmission [5], and serotonergic
neuron systemic dysfunction [6] may be involved in the
occurrence of PD with anxiety. Studies using magnetic reso-
nance imaging (MRI) have found certain functional and
structural changes in the cortical and subcortical areas of
the brain of PD patients with anxiety, such as the gyrus return
[7], the limbic system [8], and the cerebellum [9]. The neu-
ronal circuit wiring plays a parallel role in anxiety symptoms
in PD, in which the pathophysiological mechanism still has a
large blind spot [10]. Therefore, characterizing the underlying
neural mechanisms of patients with PD with anxiety symp-
toms using neuroimaging methods is urgent and imperative.

In PD patients, alteration of neuronal circuits such as
subcortex-to-cortex pathways during neurodegeneration
may explain the neuromechanism of anxiety symptoms
[11]. Awareness has been increasing of a role for the cer-
ebellum in affective behavior [12]; cerebellar dysfunction
has been linked to motor symptoms in PD as well as to
non-motor function, including anxiety symptoms. It is
thus of direct interest to examine the connectivity within
cerebellum and cortex to uncover neuroimaging evi-
dence representative of anxiety symptoms in PD patients.
This study’s aim was to explore aberrant functional
connectivity (FC) throughout the cerebellar efferent path-
ways that project to the cerebral cortex using regional

homogeneity (ReHo) and FC analysis among PD patients
with anxiety symptoms.

2 Materials and methods

2.1 Participants

PD patients not taking anti-Parkinsoniandrugswere recruited
from the Department of Neurology, Affiliated Hospital of
North Sichuan Medical College, between January 2019 and
December 2020, and the diagnosis of PD followed the
International Parkinson andMovement Disorder Society diag-
nostic criteria of 2015 for idiopathic PD [13]. The severity of
anxiety symptoms was estimated using the Hamilton anxiety
scale (HAMA). All PD patients with anxiety symptoms were
diagnosed by HAMA scores higher than 12 [14], and all
patients were separated into groups for PD patients with
anxiety symptoms (PD-A) and PD patients without anxiety
symptoms (PD-NA) based on this cutoff value. Furthermore,
we followed up all participants for at least a year for diagnosis
confirmation of PD. Patients meeting the following criteria
were excluded: (a) progressive supranuclear paralysis, mul-
tiple system atrophy, vascular Parkinson’s syndrome, mul-
tiple system atrophy, and vascular Parkinson’s syndrome sec-
ondary parkinsonism; (b) MRI contraindications, such as
claustrophobia,metal implants, and brain pathology ormotor
artifacts onMRI; and (c) depression symptoms with a score of
≥14 as per the Hamilton Depression Rating Scale (HAMD).
Meanwhile, 30 age- and gender-matched volunteers with
comparable levels of education were also recruited as normal
controls (NCs).

Informed consent: Informed consent has been obtained
from all individuals included in this study.

Ethical approval: The research related to human use has
been complied with all the relevant national regulations,
institutional policies, and in accordance with the tenets
of the Helsinki Declaration, and has been approved by
the ethics committee of the Affiliated Hospital of North
Sichuan Medical College (No. 2019ER(R)016).

2.2 Clinical assessment

All drug-naïve PD patients were assessed using the non-
motor symptom scale (NMSS), unified PD rating scale
part III (UPDRS-III), and Hoehn & Yahr (H&Y) stage to
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access non-motor symptons (NMSs) and the motor symp-
toms. The montreal cognitive assessment (MoCA) was
used to assess global cognitive function.

2.3 MRI data acquisition

All participants underwent MRI in a General Electric
Discovery MR 750 3.0 Tesla MRI scanner with an ortho-
normal head coil with routine scanning to exclude severe
brain tissue injury and motor artifacts of the brain.
The echo-planar imaging sequence was used to acquire
the resting-state blood-oxygen-level-dependent signal; the
scanning parameters were as follows: echo time = 40ms,
repetition time = 2,000ms, matrix = 64 × 64, flip angle =
90°, field of view = 24 cm × 24 cm, scanning time = 400 s,
and image thickness space = 2mm. A total of 200 volumes
(33 slices/volume) were collected during rs-fMRI collection,
resulting in 6,400 images for each subject.

During the whole resting-state scanning process, par-
ticipants were instructed to close their eyes, keep their
heads motionless, remain awake and relaxed, and mini-
mize thinking activities. Meanwhile, cushions and ear
plugs were used to prevent head movement and provide
noise isolation.

2.4 Processing of rs-fMRI data

2.4.1 Data preprocessing

SPM12 (http://www.mathworks.com) and RESTplus (http://
restfmri.net/forum) software, which are based on the
MATLAB R2013b platform (http://www.mathworks.com),
were used to preprocess the rs-fMRI data [15]. Considering
the stability of the magnetic field and the need for subjects
to adapt to the environment, the first five volumes were
removed to eliminate the influence of unstable signals.
The remaining 195 volumes were corrected by the following
preprocessed procedures: slice timing correction, realign-
ment for head motion correction, and spatial normalization
on the non-linear Montreal Neurological Institute-152 tem-
plate using a 12-parameter affine transformation (resliced
with the voxel size 3mm3 × 3mm3 × 3mm3). Moreover,
linear detrending, filtering (0.01–0.08Hz), and nuisance
covariate removal (white matter, cerebrospinal fluid, and
6-head motion parameters) were added to noise reduction.
In the present study, any subject whose translation or rota-
tion of headmotion exceeded 2mmor 2° was excluded from
the following steps.

2.4.2 ReHo analysis

Kendall’s coefficient of concordance (KCC) [16] was cal-
culated for the preprocessed image to obtain the ReHo
map of each subject. KCC was calculated by the consis-
tency of the time series change between each voxel and
its adjacent 26 voxels. Then, the standardized ReHo map
was based on the ReHo value of each voxel divided by the
mean ReHo value of the whole brain. ReHo diagrams of
PD-A, PD-NA, and NC groups smoothed with a Gaussian
filter of 4 mm of full width at half maximum will be used
for subsequent statistical analysis.

2.4.3 FC analysis

The FC analysis was implemented mainly by the CONN
software [17]. Based on the ReHo results, the cerebellum
with the maximum peak values was selected as the FC
region of interest (ROI). We used seed-based FC analysis
to extract the time series of each voxel in the ROI of each
subject and calculate the mean ROI values [18], which
were then used to compute the correlation with the
time series of each voxel in the whole brain. We per-
formed Fisher’s Z-transformation on the correlation coef-
ficient, which helped us obtain the individual Z-score
maps of each subject and ROI for subsequent statistical
analysis.

2.5 Statistical analysis

All clinical data analyses were performed using the sta-
tistical package for the Social Sciences version 22.0 for
Windows. Further, all continuous data were shown as the
mean values ± standard deviation, and discontinuous data
were shown as percentages. Moreover, we used Student’s
t-test and one-way analysis of variance (ANOVA) to com-
pare continuous data and the chi-square test to compare
categorical variables between groups.

One-way ANOVAwas used for evaluating the effect of
anxiety on ReHo and FC among PD-A, PD-NA, and NC
groups. Then, a two-sample t-test was performed for the
post hoc t comparison-independent samples for comparing
the differences between each pair of the three groups.
Statistical significance was set at voxel level P < 0.001
and cluster level P < 0.05 based on Gaussian random field
(GRF) correction for one-way ANOVA comparisons.

The correlation coefficients between clinical data
comprising HAMA scores, NMSS, UPDRS-III, and ReHo
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values, as well as FC values of the inter-brain region, were
evaluated using partial correlation analyses. Analyses were
adjusted for age, gender, MoCA scores, and HAMD scores.
All statistical tests were two-tailed; P-values <0.05 were con-
sidered statistically significant.

3 Results

3.1 Demographic and clinical data analysis

In this study, 50 newly diagnosed drug- naïve PD patients
and 30 gender-, age- and education-level-matched NCs
were finally included in this study. Anxiety symptoms
were assessed according to the HAMA Scale, including
26 PD-A patients (HAMA >12 points) and 24 PD-NA
patients (HAMA <12 points). Table 1 presents detailed
demographic and clinical data for subjects. None of the
subjects showed significant cognitive impairment or severe
depression symptoms. The total HAMA score of the PD-A
patients was significantly higher than that of the PD-NA
patients (P < 0.001). Age of onset, course of disease, H&Y
grading, UPDRS III, Mini-Mental State Examination (MMSE),
MoCA, NMSS, and HAMD scores did not differ significantly
between the two PD subgroups. There were no statistically
significant differences between PD patients and NCs in terms
of demographic variables.

3.2 ReHo analysis

The ANOVA showed that ReHo values of the left medial
frontal gyrus and left cerebellum differed significantly
among PD-A patients, PD-NA patients, and NCs (voxel
level P < 0.001, cluster level P < 0.05, and GRF corrected).
Further post hoc t comparison of each pair among the
three groups showed that, compared with the PD-NA
patients as well as the NCs, the PD-A patients had sig-
nificantly decreased ReHo values in the left medial frontal
gyrus and significantly increased ReHo values in the left
cerebellum (Table 2, Figure 1).

3.3 FC analysis

The left cerebellum, showing the maximum peak value of
the ReHo changes, was selected as the ROI to research FC
with other brain regions. The ANOVA revealed significant
differences between the left cerebellum’s FC and that of Ta
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Table 2: Comparison of ReHo differences among each pair among PD-A, PD-NA, and NCs

Cluster size MNI coordinates Peak value (T value)Anatomical region

X Y Z

PD-A vs PD-NA Left Cerebellum 23 −27 −55 −54 4.166
Left middle frontal gyrus 15 −47 35 21 −2.655

PD-A vs NCs Left Cerebellum 29 −22 −61 −51 3.372
Left middle frontal gyrus 18 −52 25 34 −4.852

PD-A, Parkinson’s Disease patients with anxiety; PD-NA, Parkinson’s Disease without anxiety; NCs, Normal controls. The positive or
negative of T values represent increases and decreases in ReHo values.

Figure 1: ReHo changes based on one-way ANOVA (a) and the post hoc t comparison-independent samples (b and c). (a) (Column
demonstrates regions with significantly different ReHo values showing left cerebellum (a) and the left medial frontal gyrus (b) among the
PD-A, PD-NA, and NC groups). The images shown here from left to right are sagittal, coronal, and axial views, respectively. (b) Column
demonstrates ReHo value comparison of left cerebellum between post hoc t comparison of each pair among the three groups. (c) Column
demonstrates ReHo value comparison of left middle frontal gyrus between post hoc t comparison of each pair among the three groups. Red
represented increased ReHo. L indicates the left side. The color bar shows F value of one-way ANOVA analysis. Statistical significance was
set at voxel level P < 0.001 and cluster level P < 0.05 based on GRF correction. * P < 0.05 and **P < 0.001.
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the right cerebellum, right caudate nucleus, and right
anterior cingulate cortex (ACC) among PD-A patients,
PD-NA patients, and NCs (voxel level P < 0.001, cluster
level P < 0.05, and GRF corrected). In post hoc t compar-
isons, PD-A FC values between the left and right cere-
bellum were decreased, whereas FC values between the

left cerebellum and the right caudate nucleus and right
ACC were increased compared with PD-NA FC values.
Compared with NCs, the FC values between left and
right cerebellum in PD-A were significantly lower (voxel
level P < 0.001, cluster level P < 0.05, and GRF corrected)
(Table 3, Figure 2).

Table 3: Comparison of FC values among each pair among PD-A, PD-NA and NCs

Cluster size MNI coordinates Peak value (T value)Anatomical region

X Y Z

PD-A vs PD-NA Right cerebellum 15 6 −50 −32 −4.251
Right caudate nucleus 16 15 18 −15 4.267
Right ACC 12 8 37 −8 4.158

PD-A vs NCs Right cerebellum 14 5 −47 −35 −4.506

PD-A, Parkinson’s disease patients with anxiety; PD-NA, Parkinson’s disease without anxiety; NCs, normal controls.

Figure 2: FC changes based on one-way ANOVA (a) and the post hoc t comparison-independent samples (b). (a) (Column demonstrates
regions with significantly different FC with the left cerebellum showing right cerebellum (a), right caudate nucleus (b), and right ACC (c)
among the PD-A, PD-NA, and NC groups). The image from left to right shows sagittal, coronal, and axial views, respectively. (b) Column
demonstrates FC value comparison between post hoc t comparison of each pair among the three groups. Warm represented increase.
L indicates the left side. The color bar shows F value of one-way ANOVA analysis. Statistical significance was set at voxel level P < 0.001
and cluster level P < 0.05 based on GRF correction. *P < 0.05 and **P < 0.001.
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3.4 Partial correlation analysis

The partial correlation analysis revealed a negative corre-
lation between HAMA scores and ReHo values in the left
middle frontal gyrus of the PD-A patients (r = −0.503 and
P = 0.019). FC values between the left and right cere-
bellum showed a significantly negative correlation with
HAMA scores of PD-A patients (r = −0.488 and P = 0.024)
(Figure 3). However, there was no significant correlation
between UPDRS-III score, NMSS score, and imaging data
(ReHo and FC) of altered brain areas in PD-A patients
when correcting for age, gender, MMSE, and HAMD
scores.

4 Discussion

The present study investigated the neuroimagingmechanism
of changes in neuronal functional activities and functional
connections on newly diagnosed drug-naïve PD patients
with anxiety symptoms based on ReHo and ROI-based
FC analysis. Consequently, we found that ReHo values in
the left cerebellum were significantly increased, while
it was significantly decreased in the left middle frontal
gyrus. In addition, the FC values of the left and right cere-
bellum were significantly decreased, while the FC of the
left cerebellum and right caudate nucleus as well as right
ACC were higher in PD patients with anxiety than in PD
patients without anxiety. The partial correlation analysis
demonstrated that significant anxiety symptoms in PD
patients were negatively correlated with ReHo values in
the left middle frontal gyrus and decreased FC values
within the left and right cerebellum. This suggests that
the underlying neuropathologic mechanism of PD with

anxiety was related to the dysfunction of the local cere-
bellum network.

In this study, it was found that the ReHo value of the
left medial frontal gyrus was reduced and that of the left
cerebellum was significantly increased. The left medial
frontal gyrus has a greater top-down loop regulation
function [19] in the PD-A group than in the PD-NA group.
This suggests that the neural circuits between the cere-
bellum and medial frontal gyrus were dysfunctional in
the anxiety state. The middle frontal gyrus participates
in advanced brain functions such as emotion, memory,
and thinking and often plays an instrumental role in
emotional control [20]. Neuroimaging studies suggest
the involvement of a similar neural circuit in the devel-
opment of anxiety disorders: the frontal-subcortical and
the cortical-marginal pathway [19,21]. In addition, the
reduction in prefrontal lobe activity has been observed
in patients with anxiety, which through top-down attenua-
tion inhibits cortical and subcortical structures, leading to
emotional regulation imbalance, abnormalities in proces-
sing negative emotions such as anxiety and fear, and the
occurrence of anxiety [19]. Reduction in ventral activity in
the prefrontal cortex and enhancement of dorsal activity
were reportedly associated with anxiety, suggesting that
various subregions of the prefrontal cortex play different
roles in anxiety [22]. However, the specific mechanism
by which the cerebellum regulates anxiety through the
middle frontal gyrus is not yet clear.

Our findings demonstrated that the spontaneous neu-
ronal activity of the cerebellum was disrupted in PD
patients with anxiety symptoms. It is well-known that
the cerebellum participates in motor function; however,
previous studies have confirmed that the cerebellum is
closely associated with the cortical and subcortical brain
regions associated with anxiety, such as the amygdala [23],

Figure 3: Partial correlation analysis in the PD-A between imaging data and HAMA scores.
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prefrontal cortex [24], and cingulate gyrus [25]. Structural
MRI studies found that the cerebellar tonsils and cere-
bellar right lobes in PD patients with anxiety had sig-
nificantly reduced gray matter volume compared with
those of healthy controls [26]. The cerebellum may be an
important component of the neural network of anxiety
[27]. The existing research suggests that the cerebellum
not only participates in the regulation of muscle tension
while coordinating autonomous activities but also finely
adjusts the process of sensory information acquisition,
which has been widely recognized. Our results showed
that the ReHo value of the left cerebellum increased in
the PD-A patient group, suggesting that the cerebellum
is an important anatomical structure in anxiety regulation.

The results – increased connectivity within left cere-
bellum and right caudate nucleus as well as right ACC
and decreased connectivity between the left cerebellum
and right cerebellum – also suggested that there is imbal-
ance in the local neural brain functional network of PD
patients with anxiety symptoms and that the cerebellum
may be an important component of the neural network of
anxiety.

The ACC is involved in the formation of emotional
networks and in the integration of negative emotions
[28]. Whalen et al. found that the ACC is significantly
activated after stimulating the emotion of disgust in gen-
eralized anxiety patients, which was related to a good
treatment prognosis in anxiety patients with high ACC
activity [29]. This is consistent with our study’s finding
for PD patients with anxiety symptoms. Further specula-
tion is that the ACC perceives involuntary nervous and
tremor motility based on abnormal activities in the cere-
bellum, thereby strengthening the functional network
connection with the cerebellum so as to regulate anxiety
symptoms. However, both the specific mechanism of FC
changes in the cerebellum and the involvement of ACC in
brain functional networks with regard to PD anxiety
symptoms need further study.

Similarly, we found enhanced FC between the left
cerebellum and right caudate nucleus in PD-A patients,
but no similar changes in functional connections were
reported in the previous study. Nevertheless, it is well-
known that as subcortical structures, the cerebellum and
striatum affect motor symptoms and emotional dysfunc-
tion [30]. Previous research has found that the density of
dopamine transporters was increased in the caudate
nucleus of PD-A patients, which was significantly posi-
tively correlated with the severity of anxiety symptoms
[31]. It is confirmed that the substantia nigra striatum
pathway was related to PD anxiety symptoms. Thus, as
the fundings in the study, in PD-A patients, we speculated

that the abnormal functional connections of the cere-
bellum and caudate nucleus were related to the impaired
integrity of the cerebellar–striatum nerve loop in PD patients
with anxiety symptoms.

Similarly, we found the presence of decreased FC
between left and right cerebellum in PD-A patients, but
not in NCs and PD-NA patients and that it was negatively
correlated with HAMA score. Voxel mirror homotopy con-
nectivity (VMHC) analysis found that bilateral cerebellum
VMHC value decreased and was negatively correlated
with HAMA scores in patients with generalized anxiety
disorder [32]. Overall, our finding suggests that PD anxiety
may be associated with decreased synchronization of
bilateral cerebellar functions. Geometrically isotopic brain
region connectivity decreases as anxiety severity increases,
and abnormalities in the mirror bilateral cerebellar func-
tional connection network may be involved in the brain
functional network mechanism of PD anxiety symptoms.

We all know that the changes in the functional con-
nections between the amygdala, prefrontal lobe, and
cerebellum can be widely involved in regulating anxiety
symptoms [33]. The present study did not find abnormal
amygdala function in PD anxiety patients, which may
be due to the mild degree of PD anxiety symptoms of
patients recruited in our study; and the compensatory
enhancement of left cerebellum functional activities in
the early stage and the functional changes in the amyg-
dala were inhibited. In addition, it is important to note
that the H&Y grade and UPDRS III score had no significant
relationship with left cerebellum function connection,
which suggested that movement had little influence on
early PD patients with anxiety. Abnormal neural networks
in the cerebellum may be the result of anxiety symptoms
rather than movement.

In conclusion, all patients included in the study were
newly diagnosed, drug-naïve PD patients, thus effectively
reducing drug bias in the outcome. Anxiety symptoms are
less affected by the course of disease, severity, or exercise
symptoms in the early stage of PD. In summary, our study
shows that anxiety symptoms in PD patients are asso-
ciated with changes in neural functional activity in the
bilateral cerebellum, left middle frontal gyrus, right cau-
date nucleus, and right ACC.

5 Conclusion

There is abnormal spontaneous electrical activity in the
left cerebellum and left middle frontal gyrus. Changes in
the functional connections between the left and right
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cerebellum and in the left cerebellum, the right caudate
nucleus, and the right ACC may represent underlying
mechanisms of PD with anxiety symptoms and may
thus be important potential biomarkers for PDwith anxiety
symptoms. Nonetheless, further clarification of long-term
neural implications of anxiety symptoms in PD is needed.

Acknowledgments:We thank the patients and their families
for their participation in this study. This research was sup-
ported by the Doctor Research Foundation Project of North
Sichuan Medical College (CBY16-QD08).

Author contributions: Author contributions included con-
ception and study design: Y.R.W. and S.S.Z., data acquisition:
H.D.Y., statistical analysis: X.Z. and S.J.H., interpretation of
results: Y.R.W. and J.L., and drafting the manuscript Y.R.W.
and J.W. All authors performed experiments and approved
the final version of the paper.

Conflict of interest: Authors state no conflict of interest.

Data availability statement: The datasets generated during
and/or analyzed during the current study are available
from the corresponding author on reasonable request.

References

[1] Sauerbier A, Jenner P, Todorova A, Chaudhuri KR. Non motor
subtypes and Parkinson’s disease. Parkinsonism Relat Disor.
2016;22(Suppl 1):S41–6.

[2] Broen MP, Narayen NE, Kuijf ML, Dissanayaka NN,
Leentjens AF. Prevalence of anxiety in Parkinson’s disease:
a systematic review and meta-analysis. Mov Disord.
2016;31(8):1125–33.

[3] Dissanayaka NN, Sellbach A, Matheson S, O'Sullivan JD,
Silburn PA, Byrne GJ, et al. Anxiety disorders in Parkinson’s
disease: prevalence and risk factors. Mov Disord.
2010;25(7):838–45.

[4] Moonen A, Weiss PH, Wiesing M, Weidner R, Fink GR,
Reijnders J, et al. An fMRI study into emotional processing in
Parkinson’s disease: does increased medial prefrontal acti-
vation compensate for striatal dysfunction? PLoS One.
2017;12(5):e0177085.

[5] Blonder LX, Slevin JT. Emotional dysfunction in Parkinson’s
disease. Behav Neurol. 2011;24(3):201–17.

[6] Joling M, van den Heuvel OA, Berendse HW, Booij J, Vriend C.
Serotonin transporter binding and anxiety symptoms in
Parkinson’s disease. J Neurol Neurosurg Psychiatry.
2018;89(1):89–94.

[7] O'callaghan C, Shine JM, Lewis SJ, Hornberger M.
Neuropsychiatric symptoms in Parkinson’s disease: fronto-
striatal atrophy contributions. Parkinsonism Relat Disord.
2014;20(8):867–72.

[8] Wee N, Wen MC, Kandiah N, Chander RJ, Ng A, Au WL, et al.
Neural correlates of anxiety symptoms in mild Parkinson’s
disease: a prospective longitudinal voxel-based morphometry
study. J Neurological Sci. 2016;371:131–6.

[9] Wang X, Li J, Yuan Y, Wang M, Ding J, Zhang J, et al. Altered
putamen functional connectivity is associated with anxiety
disorder in Parkinson’s disease. Oncotarget.
2017;8(46):81377–86.

[10] Carey G, Görmezoğlu M, de Jong JJA, Hofman P, Backes WH,
Dujardin K, et al. Neuroimaging of anxiety in Parkinson’s dis-
ease: a systematic review. Mov Disord. 2021 Feb;36(2):327–39.
doi: 10.1002/mds.28404, Epub 2020 Dec 2.

[11] Thobois S, Prange S, Sgambato-Faure V, Tremblay L,
Broussolle E. Imaging the etiology of apathy, anxiety, and
depression in Parkinson’s disease: implication for treatment.
Curr Neurol Neurosci Rep. 2017;17:76.

[12] Gill JS, Sillitoe RV. Functional outcomes of cerebellar malfor-
mations. Front Cell Neurosci. 2019 Oct 4;13:441.

[13] Postuma RB, Berg D, Stern M, Poewe W, Olanow CW, Oertel W,
et al. MDS clinical diagnostic criteria for Parkinson’s disease.
Mov Disord. 2015;30(12):1591–601.

[14] Zimmerman M, Martin J, Clark H, McGonigal P, Harris L,
Holst CG. Measuring anxiety in depressed patients: a com-
parison of the Hamilton anxiety rating scale and the DSM-5
anxious distress specifier interview. J Psychiatr Res.
2017;93:59–63.

[15] Chen JE, Glover GH. Functional magnetic resonance imaging
methods. Neuropsychol Rev. 2015;25(3):289–313.

[16] Zang Y, Jiang T, Lu Y, He Y, Tian L. Regional homogeneity
approach to fMRI data analysis. NeuroImage.
2004;22(1):394–400.

[17] Fu Z, Tu Y, Di X, Biswal BB, Calhoun VD, Zhang Z. Associations
between functional connectivity dynamics and BOLD dynamics
are heterogeneous across brain networks. Front Hum
Neurosci. 2017;11:593.

[18] Woolrich MW, Ripley BD, Brady M, Smith SM. Temporal auto-
correlation in univariate linear modeling of FMRI data.
Neuroimage. 2001;14(6):1370–86.

[19] Phan KL, Wager TD, Taylor SF, Liberzon I. Functional neuro-
imaging studies of human emotions. CNS Spectr.
2004;9(4):258–66.

[20] Liang P, Deshpande G, Zhao S, Liu J, Hu X, Li K. Altered
directional connectivity between emotion network and motor
network in Parkinson’s disease with depression. Medicine.
2016;95(30):4222.

[21] Myers-Schulz B, Koenigs M. Functional anatomy of ventro-
medial prefrontal cortex: implications for mood and anxiety
disorders. Mol Psychiatry. 2012;17(2):132–41.

[22] Straube T, Schmidt S, Weiss T, Mentzel HJ, Miltner WH.
Dynamic activation of the anterior cingulate cortex during
anticipatory anxiety. Neuroimage. 2009;44(3):975–81.

[23] Farley SJ, Radley JJ, Freeman JH. Amygdala modulation of
cerebellar learning. J Neurosci. 2016;36(7):2190–201.

[24] Watson TC, Becker N, Apps R, Jones MW. Back to front:
cerebellar connections and interactions with the prefrontal
cortex. Front Syst Neurosci. 2014;8:4.

[25] Yamawaki S, Okada G, Okamoto Y, Liberzon I. Mood
dysregulation and stabilization: perspectives from emotional
cognitive neuroscience. Int J Neuropsychopharmacol.
2012;15(5):681–94.

Altered cerebellum network in PD patients with anxiety  423



[26] Ma X, Su W, Li S, Li C, Wang R, Chen M, et al. Cerebellar
atrophy in different subtypes of Parkinson’s disease. J Neurol
Sci. 2018;392:105–12.

[27] Otsuka S, Konno K, Abe M, Motohashi J, Kohda K, Sakimura K,
et al. Roles of Cbln1 in non-motor functions of mice. J Neurosci.
2016;36(46):11801–16.

[28] Gasquoine PG. Localization of function in anterior cingulate
cortex: from psychosurgery to functional neuroimaging.
Neurosci Biobehav Rev. 2013;37(3):340–8.

[29] Whalen PJ, Johnstone T, Somerville LH, Nitschke JB, Polis S,
Alexander AL, et al. A functional magnetic resonance.
Imaging predictor of treatment response to venlafaxine
in generalized anxiety disorder. Biol Psychiatry.
2008;63(9):858–63.

[30] Strick PL, Dum RP, Fiez JA. Cerebellum and nonmotor function.
Annu Rev Neurosci. 2009;32:413–34.

[31] Moriyama TS, Felicio AC, Chagas MH, Tardelli VS, Ferraz HB,
Tumas V, et al. Increased dopamine transporter density in
Parkinson’s disease patients with social anxiety disorder.
J Neurol Sci. 2011;310(1–2):53–7.

[32] van der Velden RMJ, Broen MPG, Kuijf ML, Leentjens A.
Frequency of mood and anxiety fluctuations in Parkinson’s
disease patients with motor fluctuations: a systematic review.
Mov Disord. 2018;33(10):1521–7.

[33] Etkin A, Prater KE, Schatzberg AF, Menon V, Greicius MD.
Disrupted amygdalar subregion functional connectivity and
evidence of a compensatory network in generalized anxiety
disorder. Arch Gen Psychiatry. 2009;66(12):1361–72.

424  Yirong Wang et al.


	Abbreviations
	1 Introduction
	2 Materials and methods
	2.1 Participants
	2.2 Clinical assessment
	2.3 MRI data acquisition
	2.4 Processing of rs-fMRI data
	2.4.1 Data preprocessing
	2.4.2 ReHo analysis
	2.4.3 FC analysis

	2.5 Statistical analysis

	3 Results
	3.1 Demographic and clinical data analysis
	3.2 ReHo analysis
	3.3 FC analysis
	3.4 Partial correlation analysis

	4 Discussion
	5 Conclusion
	Acknowledgments
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /CreateJDFFile false
  /SyntheticBoldness 1.000000
  /Description <<
    /POL (Versita Adobe Distiller Settings for Adobe Acrobat v6)
    /ENU <FEFF0056006500720073006900740061002000410064006f00620065002000440069007300740069006c006c00650072002000530065007400740069006e0067007300200066006f0072002000410064006f006200650020004100630072006f006200610074002000760036>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


