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Background: Previous studies have revealed alteration of functional 

connectivity (FC) in Parkinson’s disease patients with anxiety (PD-A), but local 

brain activities associated with anxiety in Parkinson’s disease (PD) patients 

remain to be elucidated. Regional homogeneity (ReHo) analysis was employed 

to investigate alterations of regional brain activities in PD-A patients.

Methods: Resting-state functional magnetic resonance imaging (rs-fMRI) data 

were acquired from 42 PD-A patients, 41 PD patients without anxiety (PD-

NA), and 40 age-and gender-matched healthy control (HC) subjects. ReHo 

analysis was used to investigate the synchronization of neuronal activities in 

brain regions in the three groups. The relationship between ReHo value and 

anxiety score in the PD-A group was also investigated.

Results: Parkinson’s disease patients with anxiety showed increased ReHo 

values in the bilateral frontal lobes, caudate nucleus, and anterior cingulate 

gyrus [Gaussian random field (GRF) correction, voxel size p < 0.01, cluster size 

p < 0.05], compared with PD-NA patients and HC subjects, but the ReHo values 

of the right cerebellar hemisphere and posterior cerebellar lobe decreased 

(GRF correction, voxel size p < 0.01, cluster size p < 0.05). The increased ReHo 

values of the right superior frontal gyrus (r = 0.633, p = 0.001) and anterior 

cingulate gyrus (r = 0.45, p = 0.01) were positively correlated with anxiety scores 

in PD-A patients.

Conclusion: The development of PD-A may be associated with dysfunctional 

local activities in multiple brain regions, including the frontal cortex, cerebella, 

basal ganglia, and limbic system. Abnormal ReHo values in these brain 

regions may serve as neuroimaging markers for the early diagnosis of PD-A. 

The results suggest that using ReHo analysis to identify functional changes 

in core regions may advance our understanding of the pathophysiological 

mechanisms underlying PD-A.
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Introduction

Parkinson’s disease (PD) is one of the most prevalent 
chronic progressive neurodegenerative diseases in the elderly 
people (Rai et al., 2020, 2021; Rai and Singh, 2020). Anxiety 
is one of the most common non-motor symptoms of PD, with 
a prevalence of 25–49% in PD patients, much higher than that 
in the general population (Carey et al., 2021; Forbes et al., 
2021). A considerable number of studies have indicated that 
anxiety disorders occur prior to motor symptoms, which 
might contribute to aggravating other motor symptoms, 
adversely affects the patient’s daily functioning, reduce the 
patient’s quality of life, increase the burden on the caregiver 
and expedite disease progression (Forbes et al., 2021; Wang 
et al., 2021). Even though PD with anxiety (PD-A) has a high 
prevalence and imposes a huge burden on patients’ daily lives, 
it is difficult to be recognized and diagnosed due to modest 
symptoms and a lack of standardized diagnostic criteria. 
Previous neurotransmitter studies have suggested that the 
dopaminergic uptake, norepinephrine transmission, and 
serotonergic neuron system dysfunction in the neuronal 
circuit such as the prefrontal cortex, striatum, cerebellum, and 
limbic system may be  related to the occurrence of anxiety 
symptoms in PD patients (O'Callaghan et al., 2014; Moonen 
et al., 2017; Joling et al., 2018). However, the pathophysiological 
mechanism of PD-A is still confused. As a result, finding 
objective diagnostic markers to characterize the underlying 
neural mechanisms of PD-A has a lot of clinical significance.

In recent years, sophisticated neuroimaging techniques 
have been applied to investigate the neural mechanism of 
anxiety symptoms in Parkinson’s disease. Voxel-based 
morphometry and cortical thickness analyses visualized 
atrophy of the bilateral anterior cingulate cortex (ACC), left 
amygdala, bilateral prefrontal lobe, and bilateral cerebellum; 
neurotransmitter studies demonstrated that striatum 
dopaminergic uptake levels and noradrenergic transmission 
may be involved in the occurrence of PD-A (Saikiran, 2020; 
Carey et  al., 2021). In particular, resting-state functional 
magnetic resonance imaging (rs-fMRI), which measures the 
functional connectivity (FC) between different brain regions 
at rest, has shown abnormalities in FC between the prefrontal 
cortex–limbic system, putamen–caudate nucleus, putamen–
prefrontal cortex, and putamen–cerebellum in PD-A patients 
(Dan et al., 2017; Wang et al., 2017; Zhang et al., 2019; Carey 
et al., 2021). The bulk of published evidence concerning the 
clinical applications of rs-fMRI centers on its use in FC 
analysis of PD-A patients. However, there was a paucity of 
studies addressing whether anxious PD patients present 
abnormal local activities. Regional homogeneity (ReHo) is 
another rs-fMRI analysis, which was first proposed by Zang 
et al. (2004). It measures local functional synchronization of 
spontaneous neuronal activity between one voxel and its 
nearest neighbors and has been employed to assess local brain 
activities in various neuronal disorders (Fang et al., 2021; Du 

et  al., 2022). In recent years, ReHo analysis has also been 
applied to detect the neural mechanism of non-motor 
symptoms of PD patients, including sleep disorders (Wen 
et al., 2016; Chen et al., 2019), hyposmia (Su et al., 2015) and 
cognitive impairment (Harrington et  al., 2017; Xing et  al., 
2021). To date, only Wang et  al. have proposed that PD-A 
patients have abnormal ReHo values in the left cerebellum and 
left medial frontal gyrus when compared to PD-NA patients 
and healthy controls +(HCs) (Wang et al., 2021). In this study, 
we enlarged the sample size of the subjects and selected PD 
patients with mild motor symptoms in stages 1–2.5, so as to 
explore the alterations of resting-state regional activities 
among PD-A patients, PD-NA patients, and HCs by using 
ReHo analysis. The purpose of the study is to provide accurate 
and objective imaging diagnostic indicators for detecting the 
pathophysiological mechanism of PD-A.

Materials and methods

Study design

This is a prospective study specifically designed to explore 
alteration in local activities of brain in Parkinson’s disease patients 
with anxiety. All participants underwent 1 MRI scan, and were 
instructed to relax and avoid movement during the scan.

Participants

In this study, 42 PD-A patients, 41 PD-NA patients, and 
40 healthy control (HC) subjects were recruited from the 
outpatient department of neurology at China-Japan 
Friendship Hospital between March 2019 and June 2021. The 
inclusion criteria for candidates of PD groups were: (1) 
be diagnosed with PD based on Movement Disorder Society 
(MDS) Clinical Diagnostic Criteria (Postuma et  al., 2015) 
within 5 years, (2) modified Hoehn and Yahr (H-Y) stage of 
1–2.5, and (3) Hamilton Anxiety Rating Scale (HAMA) score 
of ≥ 7 and < 7 for PD-A and PD-NA groups, respectively. The 
motor function of PD patients was assessed with the MDS 
modified version of the Unified Parkinson’s Disease Rating 
Scale motor examination (UPDRS-III). The exclusion criteria 
were (1) history of cerebrovascular diseases such as brain 
injuries, stroke, and hemorrhages, (2) presence of cognitive 
and mental disorders such as dementia, depression, alcohol, 
or drug dependence, (3) severe respiratory, digestive, and 
cardiovascular diseases, and (4) MRI contraindications such 
as metal implants and claustrophobia. All subjects were right-
handed. This study was approved by the ethics committee of 
the China-Japan Friendship Hospital. All subjects provided 
written informed consent before participating in this study.
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Imaging data acquisition

MRI data were collected using a 3.0 T MR scanner (GE 
Discovery MR 750, United States) with an eight-channel head coil. 
All PD patients were suspended from anti-PD drugs for more than 
48 h before scanning. All subjects were asked to keep their eyes 
closed and not to think about anything specific throughout the 
scan, but to avoid falling asleep. Three-dimensional T1-weighted 
images (3D-T1WI) were acquired with the following parameters: 
repetition time (TR) /echo time (TE) = 6.7 ms/2.5 ms, flip 
angle = 12°, slice thickness/gap = 1 mm/1 mm, slices = 192, field of 
view (FOV) = 256 mm × 256 mm. Resting-state fMRI images were 
acquired using the following parameters: TR/TE = 2,500 ms/30 ms, 
flip angle = 90°, slice thickness/gap = 3.5 mm/0, slices = 42, 
acquisition matrix = 64 × 64, FOV = 256 mm × 256 mm.

Imaging data preprocessing and analysis

For image preprocessing, ReHo analysis were performed 
using the Data Processing & Analysis for Resting-State Brain 
Imaging (DPABI, V5.0)1 based on Statistical Parametrical 
Mapping 12 (SPM)2 in MATLAB 2014b (The Math Works, Inc., 
Natick, MA, United States). The main pre-processing steps were 
as follows: data format conversion, elimination of the first 10 time 
points, slice timing correction, head motion correction, spatial 
normalization, realignment nuisance covariate regression, 
removal of linear trends, and filtering in the frequency range of 
0.01–0.1 Hz. The subjects with head motion and translation 
> 3 mm and rotation Angle > 3° were excluded.

Next, calculate Kendall’s coefficient concordance (KCC) of the 
time series of each brain voxel and its 26 neighboring voxels for 
each participant. The KCC of each voxel was then divided by the 
mean KCC of the whole brain to produce a standardized ReHo 
diagram. Finally, a Gaussian kernel of 6 mm full-width-half-
maximum was used for spatial smoothing.

1  http://rfmri.org/dpabi

2 https://www.fil.ion.ucl.ac.uk/spm/software/spm12

Statistical analysis

The data of one PD-A patient and two PD-NA patient with 
excessive head motion were excluded, while the data of other 
participants were all meet the inclusion criteria. One-way analysis 
of variance (ANOVA) was applied to compare the age, MMSE and 
HAMA scores among the three groups. The Chi-square test was 
used to compare gender distributions. The illness duration, H-Y 
stage, and UPDRS scores between the two patient groups were 
compared by using Two-sample t-test. p < 0.05 was considered 
significantly different.

With age, gender, disease course, H&Y stage, and 
MDS-UPDRS-III as covariates, one-way ANOVA and 
post-hoc tests (Tukey–Kramer) were used to analyzed the 
differences of ReHo among the three groups and compare the 
differences of ReHo between each pair of the three groups. 
After that Pearson correlation analysis method was used to 
analyze the correlation between ReHo values in all brain 
regions of PD-A patients and HAMA scores with the same 
covariates. Comparisons above were corrected by Gaussian 
random field (GRF) correction, and threshold was set to 
p < 0.01 at the voxel level and p < 0.05 at the cluster level, two 
tailed. All the above analysis were performed by DPABI V5.0 
based on SPM12 in MATLAB 2014b.

Results

Demographic and clinical characteristics

A total of 41 PD-A patients, 39 PD-NA patients, and 40 
HC subjects were included in the final analysis. Table  1 
presents all subjects’ demographic and clinical characteristics. 
There were no significant differences in terms of gender, age, 
and MMSE scores among the three groups. Similarly, the two 
PD groups did not differ in the disease duration, UPDRS-III 
score, or H-Y stage. While the HAMA score of the PD-A 
group was significantly higher than that of the other two 
groups (p < 0.05).

TABLE 1 Demographic and clinical characteristics.

Groups PD-A (n = 41) PD-NA (n = 39) HC (n = 40) F/χ2/t P

Gender (M/F) 17/24 17/22 16/24 0.44 0.80a

Age (years) 65.54 ± 9.6 65.62 ± 10.23 60.97 ± 8.82 2.45 0.091b

Disease course (months) 39.31 ± 27.42 40.53 ± 35.37 - -0.174 0.96c

MDS-UPDRS-III score 28.45 ± 12.92 21.80 ± 12.96 - 0.75 2.32c

Hoehn & Yahr stage 1.85 ± 0.59 1.73 ± 0.55 - 1.05 0.91c

HAMA score 11.26 ± 3.70 3.12 ± 2.0 2.50 ± 1.30 12.27 0.005b*

MMSE score 27.43 ± 1.58 28.22 ± 2.15 27.78 ± 1.66 1.99 0.14b

χ2 test; bOne-way ANOVA test; cTwo independent samples t test; ∗p < 0.05.
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FIGURE 1

Brain regions with significant differences in Reho among the three groups [Gaussian random field (GRF) multiple comparison correction, P < 0.01 
at the voxel level and P < 0.05 at the cluster level].

Brain regional activities

Significant ReHo differences were found mainly in the right 
cerebellum, cerebellar vermis, bilateral precuneus, bilateral caudate 
nucleus, bilateral superior frontal gyrus, and right middle frontal 
gyrus among the three groups (GRF correction, voxel size p < 0.01, 
cluster size p < 0.05, two tailed; Table 2; Figure 1).

PD-A patients showed elevated ReHo in the bilateral frontal lobes, 
left parietal lobes, and bilateral precuneus compared with HC subjects, 
and reduced ReHo in the right cerebellum, cerebellar vermis, and 
cerebellum posterior lobe (GRF correction, voxel size p < 0.01, cluster 
size p < 0.05; Table 3; Figure 2). PD-NA patients had decreased ReHo 
in the right cerebellum, bilateral precuneus and limbic lobe, in 
contrast, no brain regions with increased ReHo compared with HC 
subjects (GRF correction, voxel size p < 0.01, cluster size p < 0.05, two 
tailed; Table 3; Figure 2).

TABLE 2 Brain regions with significant differences in ReHo among the 
three groups.

AAL Coordinates of 
maximum

Cluster 
size

F

X Y Z

Reho

Right Cbe6/CPL/Cbe4-5/ 

Ver6

12 −69 −18 36 10.72

Bilateral PCUN −3 −63 6 99 12.65

Bilateral CAU 6 3 9 44 11.60

Bilateral SFG 0 60 33 41 12.18

Bilateral PCUN −9 −45 42 91 11.51

Right SFG/MFG 33 42 45 42 12.77

AAL, the automated anatomical labeling; Cbe, Cerebellum; Ver, Vermis; CPL, 
Cerebellum posterior lobe; PUCN, Precuneus; CAU, Caudate nucleus; SFG, Superior 
frontal gyrus; MFG, Middle frontal gyrus.
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In comparison between the two groups of PD, patients in the 
PD-A group showed higher ReHo in the bilateral frontal lobes, 
bilateral anterior cingulate gyrus, and bilateral caudate nucleus; 
and lower ReHo in the right cerebellum and cerebellum posterior 
lobe (GRF correction, voxel size p < 0.01, cluster size p < 0.05, two 
tailed; Table 3; Figure 2).

Besides, the ReHo values in the right superior frontal gyrus 
(r = 0.633, p = 0.001) and ACC (r = 0.45, p = 0.01) of PD-A patients 
displayed positive correlations with HAMA scores in Pearson’s 
correlation analysis (Figures 3, 4).

Discussion

In this study, we  used ReHo analysis to investigate the 
association between anxiety symptoms and local brain 
activities in PD patients. Compared with HCs, PD-A patients 
showed altered ReHo in left frontal lobe, left parietal lobe, 
bilateral precuneus and right cerebellum. Compared with 
PD-NA patients, the altered ReHo was indicated in the 
bilateral frontal lobe, caudate nucleus, anterior cingulate 
gyrus of and right cerebellum. Furthermore, the elevated 
ReHo values of the right superior frontal gyrus and right 
anterior cingulate gyrus in PD-A patients were positively 
correlated with anxiety level.

The prefrontal lobe is the core brain area related to emotional 
disorders. Its functions include decision-making, emotional regulation, 
and social cognition (Hiser and Koenigs, 2018; Zhang et al., 2021). The 
inferior frontal gyrus is in the posterior part of the frontal lobe, which 
plays a vital role in the inhibition of brain response (Suda et al., 2020; 

Chaudhary et al., 2021). Dan et al. proposed that the severity of anxiety 
symptoms in PD patients was positively correlated with functional 
connectivity between the prefrontal cortex and middle and lower 
temporal lobes (Dan et al., 2017). Previous study have found that 
PD-A patients displayed increased low-frequency amplitude in the 
right orbitofrontal gyrus compared with normal controls and PD-NA 
patients (Wang et al., 2018). And the increased functional connectivity 
between the right orbitofrontal gyrus and parietal lobe was positively 
correlated with anxiety score (Carey et al., 2021). The results of our 
study were consistent with previous findings, indicating that increased 
ReHo in the frontal cortex of PD patients may lead to the spontaneous 
impairment in cognition and negative emotion processing, thus 
leading to anxiety disorders such as tension and fear.

Anterior cingulate cortex (ACC) is an important node of the 
limbic system which has extensive connections with multiple 
cortical and subcortical regions such as the prefrontal cortex, 
thalamus, and striatum. ACC is mainly related to self-
concentration of attention, self-regulation of emotion, and 
situational memory extraction (Alexander et  al., 2021; Scotti-
Muzzi et al., 2021). Previous study has reported that ACC was 
involved in anxiety disorder caused by physiological diseases 
(Chaibi et al., 2021; Ren et al., 2021). Our study consistently found 
that the increased ReHo values in PD-A patients were positively 
correlated with the HAMA scores, suggesting that alteration of 
ReHo in ACC might cause the dysfunction of self-emotion and 
consciousness regulation in PD patients, and thus inducing 
anxiety symptoms. It also suggested that the anxiety symptoms in 
PD patients were not caused by the dysfunction of a single brain 
region but rather by the coordination dysfunction of multiple 
brain regions.

TABLE 3 Brain areas with significant between-group ReHo differences.

AAL Coordinates of maximum Cluster size t-value

X Y Z

PD-A> HC

Left MFG /IFG −42 30 21 251 3.91

Right MFG/SFG/IFG 18 24 54 249 4.03

Left ANG/IPL −60 −60 27 234 4.02

Left MFG/ SFG −6 30 33 168 4.23

Bilateral PCUN 0 −54 66 131 4.12

PD-A< HC

Right Cbe6/Cbe4-5/CPL/Ver6 18 −66 −27 100 −3.54

PD-A> PD-NA

Bilateral CAU /ACC 6 3 9 225 4.3

Bilateral SFG 12 60 36 104 4.11

Left MFG /IFG −48 12 36 108 3.69

PD-A< PD-NA

Right Cbe6/Cbe4-5/CPL/Ver6 12 −69 −18 117 −4.07

PD-NA<HC

Bilateral PCUN/limbic lobe −3 −63 6 477 −4.8

PD-A, PD with anxiety; PD-NA, PD without anxiety; HC, healthy control; AAL, the automated anatomical labeling; Cbe, Cerebellum; Ver, Vermis; CPL, Cerebellum posterior lobe; 
PUCN, Precuneus; CAU, Caudate nucleus; SFG, Superior frontal gyrus; MFG, Middle frontal gyrus; IFG, Inferior frontal gyrus; ANG, Angular gyrus; IPL, Inferior parietal gyrus; ACC, 
Anterior cingulate cortex.
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FIGURE 2

Brain areas which showing different Reho between every two groups. The red area represents the brain region with significant increase of ReHo 
(PD-A>HC, PD-A>PD-NA, PD-NA>HC), and the blue area vice versa (PD-A<HC, PD-A<PD-NA, PD-NA<HC) (GRF multiple comparison correction, P 
< 0.01 at the voxel level and P < 0.05 at the cluster level).

This study demonstrated that ReHo values in the bilateral 
caudate nuclei were higher in PD-A patients compared with 
PD-NA patients. The result is consistent with a new 
pathophysiological hypothesis proposed in recent years, the 
striatum is not only involved in the alteration of motor activity, but 
also in the regulation and processing of various emotions (Hiser 
and Koenigs, 2018). Previous studies have indicated that increased 
functional connectivity between the striatum and prefrontal 
cortex was positively correlated with HAMA score (Carey et al., 
2021), and changes in structural network connectivity between 
the left putamen nucleus and right caudate nucleus were also 
correlated with HAMA score (Oosterwijk et al., 2018). It suggested 

that aberrant ReHo in the contralateral caudate nucleus may 
disrupt the function of emotional management in PD patients, 
resulting in anxiety disorders. Researchers also discovered that the 
ReHo in the right caudate nucleus of PD patients with apathy was 
lower than that of the normal controls (Sun et al., 2020). And that 
unlike the excessive worry and tension manifested by anxiety 
symptoms, apathy usually manifested as indifference and a lack of 
motivation and emotional response, which further supported that 
the dysfunction of the caudate nucleus was related to anxiety 
symptoms in PD patients.

Over the past three decades, clinical neuroimaging 
investigations have revealed that the cerebellum regulates motor 
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coordination and plays a vital role in the nervous system. 
Cerebellar dysfunction, particularly posterior cerebellar lobe 
dysfunction, can cause fear and anxiety in healthy individuals 
(Lee et al., 2021). In this study, all the pair comparison of the 
three groups demonstrated reduced ReHo in the right cerebellum. 
Cerebellum dysfunction in PD patients may contribute to the 
development of dread and anxiety. Simultaneous engagement of 
the cerebellum may affect motor and non-motor processes in 
humans. Other studies discovered that decreased functional 

connectivity between the putamen nucleus and cerebellum was 
negatively correlated with HAMA score in PD-A patients (Wang 
et al., 2017). As a result, the current findings support the idea that 
abnormal local activities of the brain regions in PD-A patients are 
interrelated. It also demonstrates that the occurrence of anxiety 
symptoms in PD patients is due to the dysfunction of 
coordination between brain regions.

In the current study, compared with HCs, PD-A patients 
showed increased ReHo in the bilateral precuneus and 

FIGURE 3

In Parkinson’s disease with anxiety (PD-A) patients, the ReHo value of the right superior frontal gyrus showed a positive correlation with Hamilton 
Anxiety Rating Scale (HAMA) scores.

FIGURE 4

In PD-A patients, the ReHo value of the right anterior cingulate gyrus showed a positive correlation with HAMA scores.
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inferior parietal lobes. The precuneus is associated with self-
concentration of attention, self-emotional regulation, and 
situational memory extraction (Wee et al., 2016), while the 
inferior parietal lobule is related to the control of visual 
attention and working memory (Wolters et al., 2019; Xing 
et al., 2021). A previous study found that increased anxiety 
was associated with a stronger FC between the amygdala and 
the precuneus and parietal cortex in PD-A patients (Zhang 
et al., 2019). Thus, the results of our study indicated that the 
bilateral precuneus and inferior parietal lobes were also 
engaged in non-motor processes in PD patients. Nevertheless, 
the differences were not found in other pairwise comparisons. 
This may be because the PD patients selected in this study 
were still in the early stage and the anxiety scores were mostly 
mild to moderate. Therefore, the ReHo alteration of the 
bilateral precuneus and inferior parietal lobes between PD-A 
and PD-NA patients might be inhibited.

There are limitations associated with our study in terms 
of sample size and research content. Therefore, we  will 
enlarge the sample size and combine ReHo analysis with 
other analytical methods of rs-fMRI, such as low-frequency 
amplitude and functional connectivity, to gain a deeper 
insight into the pathophysiological mechanism underlying  
PD-A.

Conclusion

The development of PD-A may be  associated with 
dysfunctional local activities in multiple brain regions, which may 
serve as neuroimaging markers for the early diagnosis of PD-A. The 
results of this study suggest that using ReHo analysis to identify 
functional changes in core regions may advance our understanding 
of the pathophysiological mechanisms underlying PD-A.

Author’s Note

Anxiety is one of the most common non-motor symptoms of 
Parkinson's disease (PD)，it is difficult to recognize and diagnose 
due to modest symptoms and lack of standardized diagnostic 
criteria. Resting-state functional magnetic resonance imaging 
(rs-fMRI) has been applied to investigate the neural mechanism 
of anxiety symptoms in PD, but there was a paucity of studies 
addressing whether PD-A patients present abnormal local 
activities. In this prospective study, ReHo analysis was used to 
explore the alterations of regional activities among PD with 
anxiety (PD-A) patients, PD without anxiety (PD-NA) patients, 
and healthy control (HC) subjects. Altered ReHo among the three 
groups was found in multiple brain regions, including the frontal 
cortex, cerebella, basal ganglia, and limbic system. Moreover, the 
increased ReHo values of the right superior frontal gyrus and 
anterior cingulate gyrus were positively correlated with anxiety 

scores in PD-A patients. We concluded, the development of PD-A 
may be associated with dysfunction of these brain regions, which 
may serve as neuroimaging markers for the early diagnosis of 
PD-A. In addition, it is suggested that using ReHo analysis to 
identify functional changes in core regions may advance our 
understanding of the pathophysiological mechanisms underlying  
PD-A.

Data availability statement

The original contributions presented in the study are included 
in the article/supplementary material, further inquiries can 
be directed to the corresponding author/s.

Ethics statement

The studies involving human participants were reviewed and 
approved by ethics committee of the China-Japan Friendship 
Hospital. The patients/participants provided their written 
informed consent to participate in this study. Written informed 
consent was obtained from the individual(s) for the publication 
of any potentially identifiable images or data included in 
this article.

Author contributions

PZ and KW: conception, design, and administrative 
support. YZ, YL, and LW: provision of study materials or 
patients, collection, and assembly of data. YZ and YL: data 
analysis and interpretation. PZ, KW, YZ, YL, and LW: wrote 
the manuscript. All authors contributed to the article and 
approved the submitted version.

Conflict of interest

The authors declare that the research was conducted in the 
absence of any commercial or financial relationships that could 
be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the 
authors and do not necessarily represent those of their affiliated 
organizations, or those of the publisher, the editors and the 
reviewers. Any product that may be evaluated in this article, or 
claim that may be made by its manufacturer, is not guaranteed or 
endorsed by the publisher.

https://doi.org/10.3389/fnagi.2022.1055160
https://www.frontiersin.org/journals/aging-neuroscience
https://www.frontiersin.org


Zhang et al. 10.3389/fnagi.2022.1055160

Frontiers in Aging Neuroscience 09 frontiersin.org

References
Alexander, L., Jelen, L. A., Mehta, M. A., and Young, A. H. (2021). The anterior 

cingulate cortex as a key locus of ketamine's antidepressant action. Neurosci. 
Biobehav. Rev. 127, 531–554. doi: 10.1016/j.neubiorev.2021.05.003

Carey, G., Görmezoğlu, M., de Jong, J., Hofman, P., Backes, W. H., Dujardin, K., 
et al. (2021). Neuroimaging of anxiety in Parkinson's disease: a systematic review. 
Mov. Disord. 36, 327–339. doi: 10.1002/mds.28404

Chaibi, I., Bennis, M., and Hamed, S. (2021). GABA-A receptor signaling in the 
anterior cingulate cortex modulates aggression and anxiety-related behaviors in 
socially isolated mice. Brain Res. 1762:147440. doi: 10.1016/j.brainres.2021.147440

Chaudhary, S., Kumaran, S. S., Goyal, V., Kalaivani, M., Kaloiya, G. S., Sagar, R., 
et al. (2021). Frontal lobe metabolic alterations characterizing Parkinson's disease 
cognitive impairment. Neurol. Sci. 42, 1053–1064. doi: 10.1007/s10072-020-04626-9

Chen, X., Hou, X., Luo, X., Zhou, S., Liu, X., Liu, B., et al. (2019). Altered intra-and 
inter-regional functional connectivity of the anterior cingulate gyrus in patients with 
tremor-dominant Parkinson's disease complicated with sleep disorder. Front. Aging 
Neurosci. 11:319. doi: 10.3389/fnagi.2019.00319

Dan, R., Růžička, F., Bezdicek, O., Růžička, E., Roth, J., Vymazal, J., et al. (2017). 
Separate neural representations of depression, anxiety and apathy in Parkinson's 
disease. Sci. Rep. 7:12164. doi: 10.1038/s41598-017-12457-6

Du, Y., Yang, W., Zhang, J., and Liu, J. (2022). Changes in ALFF and ReHo values in 
methamphetamine abstinent individuals based on the Harvard-Oxford atlas: a 
longitudinal resting-state fMRI study. Addict. Biol. 27:e13080. doi: 10.1111/adb.13080

Fang, X., Zhang, R., Bao, C., Zhou, M., Yan, W., Lu, S., et al. (2021). Abnormal 
regional homogeneity (ReHo) and fractional amplitude of low frequency fluctuations 
(fALFF) in first-episode drug-naïve schizophrenia patients comorbid with depression. 
Brain Imaging Behav. 15, 2627–2636. doi: 10.1007/s11682-021-00465-0

Forbes, E. J., Byrne, G. J., O'Sullivan, J. D., Yang, J., Marsh, R., and 
Dissanayaka, N. N. (2021). Defining atypical anxiety in Parkinson's disease. Mov. 
Disord. Clin. Pract. 8, 571–581. doi: 10.1002/mdc3.13193

Harrington, D. L., Shen, Q., Castillo, G. N., Filoteo, J. V., Litvan, I., 
Takahashi, C., et al. (2017). Aberrant intrinsic activity and connectivity in 
cognitively Normal Parkinson's disease. Front. Aging Neurosci. 9:197. doi: 
10.3389/fnagi.2017.00197

Hiser, J., and Koenigs, M. (2018). The multifaceted role of the ventromedial 
prefrontal cortex in emotion, decision making, social cognition, and 
psychopathology. Biol. Psychiatry 83, 638–647. doi: 10.1016/j.
biopsych.2017.10.030

Joling, M., van den Heuvel, O. A., Berendse, H. W., Booij, J., and Vriend, C. (2018). 
Serotonin transporter binding and anxiety symptoms in Parkinson's disease. J. 
Neurol. Neurosurg. Psychiatry 89, 89–94. doi: 10.1136/jnnp-2017-316193

Lee, Y. J., Guell, X., Hubbard, N. A., Siless, V., Frosch, I. R., Goncalves, M., et al. 
(2021). Functional alterations in cerebellar functional connectivity in anxiety 
disorders. Cerebellum 20, 392–401. doi: 10.1007/s12311-020-01213-8

Moonen, A., Weiss, P. H., Wiesing, M., Weidner, R., Fink, G. R., Reijnders, J., et al. 
(2017). An fMRI study into emotional processing in Parkinson's disease: does 
increased medial prefrontal activation compensate for striatal dysfunction. PLoS 
One 12:e0177085. doi: 10.1371/journal.pone.0177085

O'Callaghan, C., Shine, J. M., Lewis, S. J., and Hornberger, M. (2014). Neuropsychiatric 
symptoms in Parkinson's disease: fronto-striatal atrophy contributions. Parkinsonism 
Relat. Disord. 20, 867–872. doi: 10.1016/j.parkreldis.2014.04.027

Oosterwijk, C. S., Vriend, C., Berendse, H. W., van der Werf, Y. D., and van den 
Heuvel, O. A. (2018). Anxiety in Parkinson's disease is associated with reduced 
structural covariance of the striatum. J. Affect. Disord. 240, 113–120. doi: 10.1016/j.
jad.2018.07.053

Postuma, R. B., Berg, D., Stern, M., Poewe, W., Olanow, C. W., Oertel, W., et al. 
(2015). MDS clinical diagnostic criteria for Parkinson's disease. Mov. Disord. 30, 
1591–1601. doi: 10.1002/mds.26424

Rai, S. N., Chaturvedi, V. K., Singh, P., Singh, B. K., and Singh, M. P. (2020). 
Mucuna pruriens in Parkinson's and in some other diseases: recent advancement 
and future prospective. 3 Biotech. 10:522. doi: 10.1007/s13205-020-02532-7

Rai, S. N., and Singh, P. (2020). Advancement in the modelling and therapeutics 
of Parkinson's disease. J. Chem. Neuroanat. 104:101752. doi: 10.1016/j.
jchemneu.2020.101752

Rai, S. N., Singh, P., Varshney, R., Chaturvedi, V. K., Vamanu, E., Singh, M. P., et al. 
(2021). Promising drug targets and associated therapeutic interventions in Parkinson's 
disease. Neural Regen. Res. 16, 1730–1739. doi: 10.4103/1673-5374.306066

Ren, D., Li, J. N., Qiu, X. T., Wan, F. P., Wu, Z. Y., Fan, B. Y., et al. (2021). Anterior 
cingulate cortex mediates hyperalgesia and anxiety induced by chronic pancreatitis 
in rats. Neurosci. Bull. doi: 10.1007/s12264-021-00800-x

Saikiran, P. (2020). Effectiveness of QSM over R2* in assessment of parkinson's 
disease–a systematic review. Neurol. India 68, 278–281. doi: 10.4103/0028-3886.284377

Scotti-Muzzi, E., Umla-Runge, K., and Soeiro-de-Souza, M. G. (2021). Anterior 
cingulate cortex neurometabolites in bipolar disorder are influenced by mood state 
and medication: a meta-analysis of (1) H-MRS studies. Eur. Neuropsychopharmacol. 
47, 62–73. doi: 10.1016/j.euroneuro.2021.01.096

Su, M., Wang, S., Fang, W., Zhu, Y., Li, R., Sheng, K., et al. (2015). Alterations in the 
limbic/paralimbic cortices of Parkinson's disease patients with hyposmia under resting-
state functional MRI by regional homogeneity and functional connectivity analysis. 
Parkinsonism Relat. Disord. 21, 698–703. doi: 10.1016/j.parkreldis.2015.04.006

Suda, A., Osada, T., Ogawa, A., Tanaka, M., Kamagata, K., Aoki, S., et al. (2020). 
Functional Organization for Response Inhibition in the right inferior frontal cortex of 
individual human brains. Cerebral Cortex, 6325–6335. doi: 10.1093/cercor/bhaa188

Sun, H. H., Pan, P. L., Hu, J. B., Chen, J., Wang, X. Y., and Liu, C. F. (2020). Alterations 
of regional homogeneity in Parkinson's disease with "pure" apathy: a resting-state fMRI 
study. J. Affect. Disord. 274, 792–798. doi: 10.1016/j.jad.2020.05.145

Wang, X., Li, J., Wang, M., Yuan, Y., Zhu, L., Shen, Y., et al. (2018). Alterations of 
the amplitude of low-frequency fluctuations in anxiety in Parkinson's disease. 
Neurosci. Lett. 668, 19–23. doi: 10.1016/j.neulet.2018.01.010

Wang, X., Li, J., Yuan, Y., Wang, M., Ding, J., Zhang, J., et al. (2017). Altered 
putamen functional connectivity is associated with anxiety disorder in Parkinson's 
disease. Oncotarget 8, 81377–81386. doi: 10.18632/oncotarget.18996

Wang, Y., Zhang, S., Yang, H., Zhang, X., He, S., Wang, J., et al. (2021). Altered 
cerebellum functional network on newly diagnosed drug-naïve Parkinson's disease 
patients with anxiety. Transl. Neurosci. 12, 415–424. doi: 10.1515/tnsci-2020-0192

Wee, N., Wen, M. C., Kandiah, N., Chander, R. J., Ng, A., Au, W. L., et al. (2016). 
Neural correlates of anxiety symptoms in mild Parkinson's disease: a prospective 
longitudinal voxel-based morphometry study. J. Neurol. Sci. 371, 131–136. doi: 
10.1016/j.jns.2016.10.021

Wen, M. C., Ng, S. Y., Heng, H. S., Chao, Y. X., Chan, L. L., Tan, E. K., et al. (2016). 
Neural substrates of excessive daytime sleepiness in early drug naïve Parkinson's 
disease: a resting state functional MRI study. Parkinsonism Relat. Disord. 24, 63–68. 
doi: 10.1016/j.parkreldis.2016.01.012

Wolters, A. F., van de Weijer, S., Leentjens, A., Duits, A. A., Jacobs, H., and 
Kuijf, M. L. (2019). Resting-state fMRI in Parkinson's disease patients with cognitive 
impairment: a meta-analysis. Parkinsonism Relat. Disord. 62, 16–27. doi: 10.1016/j.
parkreldis.2018.12.016

Xing, Y., Fu, S., Li, M., Ma, X., Liu, M., Liu, X., et al. (2021). Regional neural activity 
changes in Parkinson's disease-associated mild cognitive impairment and cognitively 
Normal patients. Neuropsychiatr. Dis. Treat. 17, 2697–2706. doi: 10.2147/NDT.S323127

Zang, Y., Jiang, T., Lu, Y., He, Y., and Tian, L. (2004). Regional homogeneity approach 
to fMRI data analysis. NeuroImage 22, 394–400. doi: 10.1016/j.neuroimage.2003. 
12.030

Zhang, B., Qi, S., Liu, S., Liu, X., Wei, X., and Ming, D. (2021). Altered spontaneous 
neural activity in the precuneus, middle and superior frontal gyri, and hippocampus 
in college students with subclinical depression. BMC Psychiatry 21:280. doi: 10.1186/
s12888-021-03292-1

Zhang, H., Qiu, Y., Luo, Y., Xu, P., Li, Z., Zhu, W., et al. (2019). The relationship of 
anxious and depressive symptoms in Parkinson's disease with voxel-based 
neuroanatomical and functional connectivity measures. J. Affect. Disord. 245, 
580–588. doi: 10.1016/j.jad.2018.10.364

https://doi.org/10.3389/fnagi.2022.1055160
https://www.frontiersin.org/journals/aging-neuroscience
https://www.frontiersin.org
https://doi.org/10.1016/j.neubiorev.2021.05.003
https://doi.org/10.1002/mds.28404
https://doi.org/10.1016/j.brainres.2021.147440
https://doi.org/10.1007/s10072-020-04626-9
https://doi.org/10.3389/fnagi.2019.00319
https://doi.org/10.1038/s41598-017-12457-6
https://doi.org/10.1111/adb.13080
https://doi.org/10.1007/s11682-021-00465-0
https://doi.org/10.1002/mdc3.13193
https://doi.org/10.3389/fnagi.2017.00197
https://doi.org/10.1016/j.biopsych.2017.10.030
https://doi.org/10.1016/j.biopsych.2017.10.030
https://doi.org/10.1136/jnnp-2017-316193
https://doi.org/10.1007/s12311-020-01213-8
https://doi.org/10.1371/journal.pone.0177085
https://doi.org/10.1016/j.parkreldis.2014.04.027
https://doi.org/10.1016/j.jad.2018.07.053
https://doi.org/10.1016/j.jad.2018.07.053
https://doi.org/10.1002/mds.26424
https://doi.org/10.1007/s13205-020-02532-7
https://doi.org/10.1016/j.jchemneu.2020.101752
https://doi.org/10.1016/j.jchemneu.2020.101752
https://doi.org/10.4103/1673-5374.306066
https://doi.org/10.1007/s12264-021-00800-x
https://doi.org/10.4103/0028-3886.284377
https://doi.org/10.1016/j.euroneuro.2021.01.096
https://doi.org/10.1016/j.parkreldis.2015.04.006
https://doi.org/10.1093/cercor/bhaa188
https://doi.org/10.1016/j.jad.2020.05.145
https://doi.org/10.1016/j.neulet.2018.01.010
https://doi.org/10.18632/oncotarget.18996
https://doi.org/10.1515/tnsci-2020-0192
https://doi.org/10.1016/j.jns.2016.10.021
https://doi.org/10.1016/j.parkreldis.2016.01.012
https://doi.org/10.1016/j.parkreldis.2018.12.016
https://doi.org/10.1016/j.parkreldis.2018.12.016
https://doi.org/10.2147/NDT.S323127
https://doi.org/10.1016/j.neuroimage.2003.12.030
https://doi.org/10.1016/j.neuroimage.2003.12.030
https://doi.org/10.1186/s12888-021-03292-1
https://doi.org/10.1186/s12888-021-03292-1
https://doi.org/10.1016/j.jad.2018.10.364

	Regional activity alterations in Parkinson’s disease patients with anxiety disorders: A resting-state functional magnetic resonance imaging study
	Introduction
	Materials and methods
	Study design
	Participants
	Imaging data acquisition
	Imaging data preprocessing and analysis
	Statistical analysis

	Results
	Demographic and clinical characteristics
	Brain regional activities

	Discussion
	Conclusion
	Author’s Note
	Data availability statement
	Ethics statement
	Author contributions
	Conflict of interest
	Publisher’s note

	 References

