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Background: Recent structural and functional imaging studies of depression in Parkinson disease (DPD)
have failed to reveal the relevant mechanism, and relatively few studies have been conducted on limbic
systems such as the hippocampus. This study thus aimed to gain new insights into the pathogenesis of DPD
by detecting the changes in the hippocampal structure and the resting-state functional connectivity (FC) of
patients with DPD.

Methods: This study included 30 patients with DPD (DPD group), 30 patients with nondepressed
Parkinson disease (NDPD; NDPD group), and 30 normal controls (NCs; NC group) with no significant
age or gender differences with the DPD group. The Hamilton Depression Rating Scale (HAMD) and
three-dimensional T'1-weighted imaging and blood oxygen level-dependent imaging data of all patients
were collected. The hippocampal volumes were measured using MATLAB software (MathWorks). The
correlation between hippocampal volume and the HAMD score in the DPD group was analyzed with
Pearson correlation coefficient. The bilateral hippocampi were used as the regions of interest and as the seed
points for FC. FC analysis was performed between the preprocessed functional data of the whole brain and
the two seed points with Data Processing Assistant for Resting-State and Statistical Parametric Mapping
8 software, respectively. The correlation between FC and HAMD scores in the patients with DPD was
determined using partial correlation analysis.

Results: Compared with those in the NC group and the NDPD group, the bilateral hippocampal volumes
in the DPD group were significantly decreased (P<0.05). There was a negative correlation between the
bilateral hippocampal volume and the HAMD score in the DPD group (P<0.05). Compared with that of the
NDPD group, the FC of the right hippocampus with the right occipital lobe and left precuneus was reduced
in the DPD group. In the DPD group, the FC values of the right hippocampus, right occipital lobe, and left
anterior cuneiform lobe were negatively correlated with HAMD scores.

Conclusions: The volume of bilateral hippocampi in patients with DPD is significantly decreased and
negatively correlated with the severity of depressive disorder. The weakened FC of the right hippocampus to

the right occipital lobe and the left precuneus may play an important role in the neurological basis of DPD.

Keywords: Parkinson disease (PD); depression; magnetic resonance imaging (MRI); hippocampus; functional
connectivity (FC)
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Introduction

Depression is the most common nonmotor psychiatric
symptom in patients with Parkinson disease (PD) (1).
Depressive symptoms are seen in about 35% of patients
with PD (2). PD-related depression mainly manifests as
a depressed mood and anhedonia. Depressive symptoms
in patients with PD precede motor symptoms and are
associated with PD duration, severity of motor symptoms,
or dose of dopaminergic medication used (3). In recent
years, neuroimaging research has reported multiple
neurobiological models in explaining the pathogenesis of
depression in PD (DPD). Numerous investigations have
revealed that the limbic system is crucial to the development
of DPD (4-6). As an important component of limbic system,
the hippocampus is involved in the regulation of cognition
and emotion.

The structure and function of the hippocampus have
received considerable attention as a potential neurological
basis for cognitive dysfunction and other nonmotor
symptoms, such as depression, impulse control disorder, and
hypoxemia (7,8). The hippocampus is a crucial subcortical
structure associated with depression (9,10). Magnetic
resonance imaging (MRI) studies of cognitively healthy
persons with depression revealed subtle structural brain
changes in the hippocampus (11-13). Meanwhile, other
studies suggest that abnormal hippocampal formation in
patients with PD may be associated with depression (14,15).

Resting-state functional MRI (rs-fMRI) is a noninvasive
method that focuses on examining blood oxygen level-
dependent (BOLD) spontaneous activity at low frequency in
the brain at rest (16-18). Over the past 10 years, rs-fMRI has
been extensively adopted in a variety of domains, including
the investigation of brain dysfunction in PD (19,20), with
research into resting-state functional connectivity (rs-FC)
demonstrating particularly rapid progress. Different
methodologies have already been applied to assess changes
of BOLD signals in the brain, with the seed point-based
method being one of the most important approaches for
assessing changes of BOLD signals in the brain (21). Seed
point-based analysis is essentially a model-based approach
that selects seed points or regions of interest (ROIs) and
finds the linear correlation of that seed-point region with all
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other voxels throughout the brain, producing a seed-based
FC map (21).

Recent structural and functional imaging studies of
PD-related depression have failed to reveal the mechanism
of DPD, and relatively few studies have been conducted
to examine the limbic systems such as the hippocampus.
Some studies have recently reported there to be changes in
hippocampal volume in patients with DPD, mainly in the
form of smaller volumes compared to those of controls.
However, the main areas of hippocampal volume reduction
are not entirely consistent across these studies due to
differences in study methods and techniques (22,23). In
this study, we further investigated the abnormalities of
hippocampal structure and resting-state function in patients
with DPD through a combined high-resolution MRI-based
volumetric and FC analysis. We also compared the DPD
and nondepressed PD (NDPD) to distinguish the influence
on hippocampus between depression and PD. This study
may provide new insights into the pathogenesis of DPD and
serve as a basis for the diagnosis and treatment of DPD. We
present this article in accordance with the MDAR reporting
checklist (available at https://qims.amegroups.com/article/
view/10.21037/qims-23-919/rc).

Methods
Participants

In this study, 30 patients with DPD (DPD group;
17 females, 13 males), 30 patients with NDPD (NDPD
group; 14 females, 16 males), and 30 normal controls (NCs;
NC group; 15 females, 15 males) with no significant age
or gender differences with the DPD group were included.
The patients with DPD and NDPD were recruited from
January 2017 to September 2020. The inclusion criteria of
all patients were as follows: (I) patients diagnosed with PD
according to the UK Parkinson’s Disease Society (PDS)
Brain Bank Criteria; (II) patients with Hoehn and Yahr
(H&Y) staging <3; (III) patients who had not received
antidepressant drugs prior to this study; (IV) patients with
Mini-Mental State Examination (MMSE) score >24; (V)
right-handed patients; and (VI) in the DPD group, patients
with PD diagnosed as DPD following the Diagnostic
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and Statistical Manual of Mental Disorders (DSM) and
Hamilton Depression Rating Scale 17 item (HAMD-17)
score >7. The exclusion criteria were as follows: (I)
patients with a history of severe cerebrovascular disease,
epilepsy, genetic diseases, or head trauma; (II) patients with
manifestations of intracranial diseases on MRI; (III) patients
with metal objects in their body that could not be scanned
with MRI; and (IV) patients with claustrophobia who
cannot complete MRI scans.

The inclusion criteria for the NC group included
volunteers with the same age and gender as the patients in
the DPD group. The exclusion criteria for the NC group
were as follows: (I) patients with a history of psychosis,
genetic diseases, or head trauma; (I) patients with a history
of heavy alcohol consumption; (III) patients with positive
results on neuropsychiatric examination; and (IV) patients
with the manifestations of intracranial diseases on MRI
images.

The study was conducted in accordance with the
Declaration of Helsinki (as revised in 2013) and was
approved by the Ethics Committee of Nantong First
People’s Hospital. Informed consent was taken from all the
patients. In addition, measurement of the relevant scales
(H&Y staging, MMSE, and HAMD-17) were conducted
12 hours after the patients stopped taking parkinsonism-
related drugs.

Clinical methods

Data collection
A GE Discovery 750-W 3.0-T MRI scanner (GE
HealthCare, Chicago, IL, USA) was adopted for brain
scanning. A standard head coil was used to fix the brain, and
the entire brain was scanned. Special pads were used to hold
the participant’s head in place to prevent it from moving
during the scan, and special headphones were used to
reduce noise interference. All participants were instructed to
keep their heads still during the scan, close their eyes, relax
as much as possible, and avoid any thinking. We obtained
three-dimensional T1-weighted imaging (3D-T1WI)
images and BOLD images from the included participants.

The scanning parameters of 3D-T1WI imaging were
as follows: field of view (FOV) =256 mm x 256 mm; slice
thickness =1 mm; repetition time (TR) =8.6 ms; echo time
(TE) =3.2 ms; matrix =256x256; voxel size =1 mm x 1 mm x
1 mm; number of slices =176; and interslice space =0.

The scanning parameters of BOLD imaging were as
follows: FOV =220 mm x 220 mm; slice thickness =3 mmy;
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TR/TE =2,000 ms/30 ms; interslice space =1 mm; matrix
=64x64; number of slices =36; flip angle (FA) =90°; scanning
time =6 min 10 s; acquisition time points =185; and images
=6,660.

Image and data processing

Measurements of bippocampal volume

In this study, 3D-T1WI images were obtained from all
participants. The bilateral hippocampi of each case were
manually segmented with the aid of ITK-SNAP 3.6.0
software (http://www.itksnap.org/pmwiki/pmwiki.php;
Figure 1), and the volumes were measured using MATLAB
software (MathWorks, Natick, MA, USA). The resulting
hippocampi were used for morphological analysis. To
reduce errors, each hippocampus was averaged in each case
by three trained physicians after the volume was outlined
and measured.

Preprocessing of rs-fMRI data

In this study, the rs-fMRI data collected with BOLD
sequence were preprocessed by the Data Processing
Assistant for Resting-State (DPARSF) toolbox on the
MATLAB2014a platform, a MATLAB toolbox for
processing brain MRI. Briefly, the pretreatment process
consisted of the following steps: (I) format conversion was
conducted, in which dem2niigui in MRIcroN software was
used to convert the Digital Imaging and Communications
in Medicine (DICOM) format of the original image to the
Neuroimaging Informatics Technology Initiative (NIfTT)
format; (II) considering the instability of the participants
and the machine at the beginning, the images of the first
10 time points were removed for each participant; (III)
slice timing was performed, in which the remaining images
were temporally aligned so that all layers of the brain
were acquired at the same point in time; (IV) realignment
was performed since the image acquisition process could
have affected the signal due to noise generated by head
movement, with the head movement rotation of the
participants selected for this study being less than 1.5° or
less than 1.5 mm flat movement; (V) space standardization
was completed, in which all corrected image spaces were
normalized to the Montreal Neurological Institute (MNI)
template, with the data resampling for each participant
being 3x3x3 mm’; (VI) the images were subjected to
smoothing, which could reduce experimental errors,
improve the signal-to-noise ratio of the data, and make
the data more normally distributed, ultimately facilitating
statistical analysis; Gaussian smoothing of image data was
completed at a full width at half maximum (FWHM) of
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Figure 1 The left hippocampus of a 66-year-old man was delineated on axial TIWI (A), sagittal T1WI (B), and coronal TIWI (C) using
ITK-SNAP3.6.0 software, from which a 3D stereogram was constructed (D). TIWI, T1-weighted imaging; 3D, three-dimensional.

8 mm x 8 mm x 8 mm; (VII) detrending was conducted
because some manipulation was required (so that the
resulting signal would accumulate a linear trend over time)
to remove the linear drift due the scanning machine heating
up during operation or due to the participant becoming
fatigued from undergoing scanning for a long period of
time; (VIII) filtering was used to remove low-frequency
drift and high-frequency noise, such as the human breathing
and heartbeat, and the physiological signal of low-frequency
oscillation from 0.01 to 0.1 Hz was extracted; and (IX)
regression was conducted to further reduce the effects
of confounding factors, and the preprocessed data were
subjected to removal of head movement parameters, with
regression being completed for the covariates of head
movement, cerebral white matter, and cerebrospinal fluid
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signals.

rs-FC

The bilateral hippocampi were used as the ROIs and as the
seed points for FC. DPARSF software (http://rfmri.org/
DPARSF) and Statistical Parametric Mapping 8 (SPM8)
software (https://www.fil.ion.ucl.ac.uk/spm/software/spm8/)
were used to complete the FC analysis of the preprocessed
functional data of whole brain and the two seed points,
respectively.

Statistical analysis

Statistical analysis of demographic and basic clinical
data
The SPSS 22.0 (IBM Corp., Armonk, NY, USA) software
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Table 1 Comparison of the demographic and basic clinical data among the three groups

Clinical data DPD group NDPD group NC group P value
Cases 30 30 30 -
Gender (male/female) 13/17 16/14 15/15 0.73
Age (years) 65.5+7.8 64.1+8.0 65.1+5.8 0.75
Duration of PD (years) 6.6+3.1 5.8+3.1 NA 0.32
HAMD score 24.9+8.5 3.7+1.8 NA <0.001*
LEDD (mg/d) 401.7+150.6 366.7+162.1 NA 0.39

Data are presented as n or mean = SD. *, the difference is significantly different. DPD, depression in Parkinson disease; NDPD,
nondepressed Parkinson disease; NC, normal control; PD, Parkinson disease; NA, not available; HAMD, Hamilton Depression Rating
Scale; LEDD, levodopa-equivalent doses daily; SD, standard deviation.

was used for the statistical analysis of demographic and basic
clinical data. After the normal distribution and homogeneity
of variance for the collected quantitative data were verified,
one-way analysis of variance (ANOVA) was performed for
age among the three groups, and the chi-squared test was
used to analyze gender. The duration of disease, levodopa-
equivalent doses daily (LEDD), and HAMD scores between
the DPD group and the NDPD group were analyzed using
independent samples #-test. The significance level was set as
a=0.05 for the results of all analyses, with P<0.05 being the
threshold of a statistically significant difference.

Analysis of hippocampal volume

After the normal distribution and homogeneity of variance
of the data were tested with SPSS 22.0 software, the
differences in hippocampal volume among the DPD,
NDPD, and NC groups were compared with ANOVA.
Then post hoc pairwise comparisons were conducted to
determine whether there were differences in hippocampal
volume between any two groups (Bonferroni correction).
Pearson correlation analysis was also performed between
hippocampal volume and clinical index (HAMD scores) in
the DPD group. Again, a=0.05 was considered set as the
significance level for the results of all analyses, with P<0.05
being the threshold of a statistically significant difference.

Analysis of rs-FC data

The preprocessed data of the DPD group, NDPD group,
and NC group were statistically analyzed with SPM8
software. Age, gender, and hippocampal volumes were
taken as the covariates. ANOVA and a revised post hoc
test conducted through AlphaSim testing were applied to
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determine the differences in FC of the whole brain based
on left and right hippocampal seed points in the three
groups. The results were corrected using AlphaSim, and
after correction, the minimum cluster size was determined
to be 46 voxels, corresponding to a corrected P value of
0.05. To investigate the relationship between neuroimaging
abnormalities and depression severity, we extracted
FC values from regions with significant differences in
connectivity. Subsequently, a partial correlation analysis
was performed between FC strength and HAMD scores
in patients with DPD, with age and gender taken as
covariates.

Results

Comparison of the demographic and basic clinical data
among the three groups

In the DPD group, there were 30 patients, including
13 males and 17 females, and the age range was 43-77 years
[mean + standard deviation (SD), 65.5£7.8 years]. In
the NDPD group, there were 30 patients, including
16 males and 14 females, and the age range was 43-75 years
(mean = SD, 64.1+8.0 years). In the NC group, there were
30 patients, including 15 males and 15 females, and the age
range was 55-76 years (mean = SD, 65.1+5.8 years). The
comparisons of the demographic and basic clinical data in
the DPD, NDPD, and NC groups are shown in Tuble 1.
Disease duration was not statistically different between the
DPD group and the NDPD group. Moreover, there was
no statistical difference in age or gender between the DPD,
NDPD, and NC groups. The HAMD score of the DPD
group was higher than that of the NDPD group.
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Table 2 Comparison of left and right hippocampal volume between groups

Hippocampal volume (mm®)

Groups t value P value
Left Right

DPD 2,564.40+298.21 2,637.37+300.02 -4.292 <0.001*

NDPD 2,753.30+239.71 2,868.70+299.20 -3.258 0.003*

NC 2,877.27+278.84 2,995.00+330.36 -3.695 0.001*

Data are presented as mean + SD. *, the difference is significantly different. DPD, depression in Parkinson disease; NDPD, nondepressed

Parkinson disease; NC, normal control; SD, standard deviation.

Table 3 Pairwise comparison of left hippocampal volume among

the three groups
Mean deviation Standard error
Groups 5 3 P value
(mm°) (mm°)
DPD-NDPD —-188.900 70.575 0.027*
DPD-NC -312.867 70.575 <0.001*
NDPD-NC -123.967 70.575 0.248

*

, a statistically significant difference after correction by
Bonferroni test. The Bonferroni correction probability P value
output in this table is the obtained probability P multiplied by
the comparison frequency k (k=3), with subsequent comparison
with 0.05. DPD, depression in Parkinson disease; NDPD,
nondepressed Parkinson disease; NC, normal control.

Table 4 Pairwise comparison of right hippocampal volume among
the three groups

Mean deviation Standard error

Groups (mm?) (mm?) P value
DPD-NDPD -231.333 80.093 0.015*
DPD-NC -357.633 80.093 <0.001*
NDPD-NC -126.300 80.093 0.355

*

, a statistically significant difference after correction by
Bonferroni test; a statistically significant difference after
correction by Bonferroni test. The Bonferroni correction
probability P value output in this table is the obtained
probability P multiplied by the comparison frequency k (k=3),
with subsequent comparison with 0.05. DPD, depression in
Parkinson disease; NDPD, nondepressed Parkinson disease;
NC, normal control.

Comparison of bippocampal volume

The total right hippocampal volume was significantly
larger than the total left hippocampal volume in the DPD,
NDPD, and NC groups (see Table 2). Compared with those
of the NC and NDPD groups, the bilateral hippocampal
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volumes of the DPD group were significantly reduced,
and the difference was statistically significant (P<0.05)
(Tables 3,4). However, no statistically significant difference
in bilateral hippocampal volume existed between the
NDPD group and the NC group (P>0.05) (Tables 3,4).
Correlation analysis found a negative correlation between
left and right hippocampal volumes and HAMD score in
the DPD group (P<0.05) (Zable 5). Overall, the bilateral
hippocampal volumes of patients with DPD was decreased,
and the hippocampal volumes were negatively correlated
with the severity of depressive disorders.

Comparison of FC

Bilateral hippocampi with significant volume differences
were considered ROIs for FC analysis with the whole brain.
Figure 2 shows the ANOVA results of brain regions with
differences in FC based on right hippocampus seed points
among the three groups. According to post hoc pairwise
comparisons (adjusted P value <0.05 using AlphaSim; cluster
size >46 voxels, with one-way ANOVA results as mask)
relative to the NC group, the right hippocampus in the
DPD group showed reduced FC with the bilateral temporal
lobes, right occipital lobes, bilateral frontal lobes, bilateral
parietal lobes, and left precuneus. The NDPD group
appeared to have reduced FC of the right hippocampus
with the bilateral temporal lobes, bilateral frontal lobes, and
bilateral parietal lobes when compared with the NC group.
However, the FC of the right hippocampus with the right
occipital lobe and left precuneus was lower in the DPD
group than in the NDPD group (Figure 3, 1able 6). No
obvious abnormal FC of the left hippocampus was identified
in the whole brain. Moreover, correlation analyses indicated
that the FC values of the right hippocampus with the
right occipital lobe and the left precuneus were negatively
correlated with HAMD scores in the DPD group (see
Figure 4).
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Table 5 Correlation analysis between hippocampal volume and HAMD score in the DPD group

Left hippocampal volume

Right hippocampal volume

Clinical scale score
Correlation coefficient

P value

Correlation coefficient P value

HAMD score -0.56

0.001* -0.67

<0.001*

*, the difference is significantly different. HAMD, Hamilton Depression Rating Scale; DPD, depression in Parkinson disease.

Figure 2 Brain regions with significant differences in the FC analysis based on the right hippocampus seed points in the three groups (DPD,

NDPD, and NC). The red regions are brain regions with differences in FC. L, left; R, right; FC, functional connectivity; DPD, depression

in Parkinson disease; NDPD, nondepressed Parkinson disease; NC, normal control.

Discussion
Hippocampal volume changes in patients with DPD

Although hippocampal formation has been extensively
reported to be related to depression, the majority of
relevant studies mainly describe global volumetric changes
in the hippocampus based on voxel-based morphometry
(VBM) (24-26). The VBM method has some limitations,
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for example, a susceptibility to artifacts being produced
in the segmentation process due to the large difference
in the number of voxels at the junction between the brain
parenchyma and the cerebrospinal fluid (27). In this study,
3D-T1WI images were obtained using a 3.0-T MRI
scanner, and manual segmentation of the hippocampus was
performed. Manual segmentation provides advantages over
the automated segmentation, which has low accuracy (28).
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Figure 3 Brain regions with significant differences in FC based on right seed points in the DPD group and the NDPD group. The

blue regions are brain regions with diminished FC in the DPD group compared with the NDPD group. L, left; R, right; FC, functional

connectivity; DPD, depression in Parkinson disease; NDPD, nondepressed Parkinson disease.

Table 6 Brain regions with differences in FC between the DPD group and NDPD group (DPD < NDPD)

Peak MNI coordinates

Variate Brain region Voxel size t P value
X y z

FC Right occipital lobe 51 27 -87 -6 -4.56 <0.001*

Left precuneus 13 -3 -84 45 -4.57 <0.001*

*, the difference is significantly different. FC, functional connectivity; DPD, depression in Parkinson disease; NDPD, nondepressed

Parkinson disease; MNI, Montreal Neurological Institute.

In our study, the bilateral hippocampal volumes in the
DPD group were significantly lower than those of the
NDPD and NC groups, but the bilateral hippocampal
volumes did not differ considerably between the NC and
NDPD groups. In Roddy ez 4/.’s study, patients with DPD
showed smaller bilateral hippocampal volumes than did
controls (22). It has also been reported that patients with
a history of major depressive disorder exhibit smaller
bilateral hippocampal volumes than do controls (29,30).
Our findings are consistent with these studies. Using VBM,
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Goto et al. found that depressive symptoms in PD were
associated with reduced volume in the left hippocampus
and right parahippocampal gyrus (23), which is partially
consistent with our findings, with any differences likely
being attributable to the limitations of the VBM method.
Additionally, our findings indicated that compared to
individuals without depression, patients with DPD showed a
substantial difference in hippocampal volume. Furthermore,
we found that the total hippocampal volume of the right
side was significantly larger than that of the left side in the
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Figure 4 Scatterplot of correlation analysis between FC values and HAMD values in the DPD group. FC, functional connectivity; HAMD,

Hamilton Depression Rating Scale; DPD, depression in Parkinson disease.

DPD, NDPD, and NC groups, which we suspect might be
related to the interhemispheric asymmetry of the brain (31).
This suggests that the right hippocampal volume still
maintains dominant hemispheric function both in healthy
individuals and patients with PD.

Our study also found there to be a negative correlation
between the left and right hippocampal volumes and the
HAMD scores of patients with DPD. The severity of
depressive symptoms of patients was negatively correlated
with the left and right hippocampal volumes. In the findings
of van Mierlo ez al., depression scores were negatively
correlated with bilateral hippocampal volumes (32), which
is in line with our findings. Another study reported there
to be relationship between hippocampal volume and
depressive symptoms in other types of depression. In a
large meta-analysis of VBM studies, smaller hippocampal
volumes were found to be associated with major depressive
disorder (33). However, it is unclear if hippocampal
atrophy and depression symptoms are causally related.
One explanation proposes that chronic stress increases
cerebral glucocorticoids by activating the hypothalamic-
pituitary-adrenal axis in major depression (34). Due to
the high concentration of glucocorticoid receptors in the
hippocampus, overexposure to glucocorticoids leads to
the impairment of synaptic plasticity in the hippocampus,
such as the decrease of neurogenesis, axonal branching,
and dendrogenesis (35). Some pathophysiological changes,
such as decreased production of neurotrophic factors,
decreased neurogenesis, abnormal synaptic plasticity, and
neuroinflaimmation in the hippocampus result in atrophy
of the hippocampus in patients with depression (36). It may
be that in any depressive disorder (including DPD), the
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changes in hippocampal volume are related to variations
in either the intrinsic neurotrophic factors or extrinsic
environmental variables.

In summary, depressive symptoms reduce the bilateral
hippocampal volume in patients with PD, and hippocampal
volumes are negatively correlated with the severity of
depressive disorders. The changes in hippocampus structure
may be a critical aspect in the pathophysiology of DPD.
MRI can provide a more detailed imaging quantitative basis
for depressive symptoms in patients with PD and aid in the
clinical diagnosis and treatment of DPD.

7s-FC changes in DPD patients

After volumetric examination, the bilateral hippocampi
that showed appreciable variations in gray matter volume
were taken as seed points for FC in this study. The FC
between the whole brain and the two seed points was
then analyzed. Relative to that in the NC group, the right
hippocampus in the DPD group showed reduced FC with
the bilateral temporal lobes, right occipital lobes, bilateral
frontal lobes, bilateral parietal lobes, and left precuneus.
The NDPD group appeared to have reduced FC of the
right hippocampus with the bilateral temporal lobes,
bilateral frontal lobes, and bilateral parietal lobes when
compared with the NC group; meanwhile, the DPD group
demonstrated a lower FC of the right hippocampus with
the right occipital lobe and left precuneus as compared
with the NDPD group, and there were no differences of
connectivity within the left hippocampus. Differences in
FC were confined to the right hippocampus rather, and
we suspect that the reason for this result may be related to
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the asymmetrical character of the pathological lesions in
DPD (31), but this remains to be demonstrated. Moreover,
correlation analyses showed that the values of FC of the
right hippocampus with the right occipital lobe and the left
precuneus were negatively correlated with HAMD scores in
the DPD group. This suggests that more severe depressive
disorders are associated with lower FC and thus that
weakened right hippocampal connectivity with the right
occipital lobe and left precuneus may play an important role
in the emergence of DPD.

As a key structure of limbic circuits, the hippocampus
has a crucial role in memory formation, emotional learning,
and emotional regulation (7,37). Emotional abnormalities
are considered core features of major depression (38).
A task-based functional MRI study demonstrated that
emotional processing involves the activation of multiple
brain regions, including not only limbic structures, such as
the hippocampus and amygdala, but also visual areas in the
parietal and occipital lobes (39).

The occipital lobe encompasses most of the anatomical
localization of the visual cortex that is engaged in external
stimulus perception and information transmission to brain
regions involved in emotional processing and response.
The occipital cortex is part of the frontal-subcortical circuit
responsible for emotion regulation (40,41). The structure
and function of the occipital lobe are altered in patients
with depression. Jaworska et 4l. observed abnormal visual
cortex function in patients with major depression (42).
Right occipital lobe dysfunction has also been revealed to
be associated with depression (43). Guo et 4l. reported the
decreased amplitude of low-frequency fluctuation (ALFF) in
the occipital cortex of patients with depression and suggested
that this was associated with major depression (44).
Using diffusion tensor imaging (DTT) techniques, Jia et 4.
found that fractional anisotropy (FA) was much lower in the
bilateral frontal and parietal lobes of patients with major
depression than in healthy controls, pointing to changes in
white matter microarchitecture in these regions (45). These
alterations may affect the FC associated with this structure,
which could account for the lower FC between the right
hippocampus and the right occipital lobe in patients with
DPD.

The precuneus of the brain, the medial part of the
parietal cortex, is the central component of the default
mode network. When the brain is at rest, the precuneus
is active and primarily responsible for episodic memory,
self-awareness, and self-reflection (46). Halari et 4/. found
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there to be abnormal precuneus metabolism in patients
with depression (47), and Liang et 4l. reported decreased
precuneus regional homogeneity (ReHO) in the brains
of patients with bipolar and unipolar depression (48). It
has also been demonstrated that this region experiences
less spontaneous neural activity and that the function of
the corresponding brain regions is altered (49). There is
structural connection between the occipital lobe, parietal
lobes, and the hippocampus, as revealed by other anatomical
studies in monkeys and DTT studies in humans (50,51).
However, the FC between the right hippocampus and the
left precuneus is reduced in patients with DPD, which
possibly indicates the dysfunctional processing of the right
hippocampal FC.

Our study has some limitations. First, the relatively small
number of participants included in this study may limit
our ability to extrapolate our data to all patients with PD.
However, the strict inclusion criteria minimized diagnostic
bias. Future large-scale collaborative studies are needed to
validate our results. Second, we employed a cross-sectional
design. Future studies should include longitudinal follow-
up analyses of patients. Third, although the patients with
PD in this study had discontinued the relevant medications
for at least 12 hours before undergoing magnetic
resonance scanning and neuropsychological testing, the
potential confounding effect of chronic medications on
the experimental results cannot be excluded. Fourth, this
study was based on seed point analysis to study changes in
FC in DPD, which has the disadvantage of relying on seed
selection and is susceptible to bias. We also preprocessed
the data before the FC analysis and used the seed point size
as a covariate to reduce the error during the FC analysis;
however, this still could not completely prevent error. At a
later stage, we will consider whether to apply hand-drawn
ROIs for whole-brain FC analysis.

Conclusions

In this study, decreased FC of the right hippocampus
with the right occipital lobe and the left precuneus was
discovered in patients with DPD. Taken together, our
results suggest that abnormal FC of the right hippocampus
with the right occipital lobe and the left precuneus may
play an important role in the neurological emergence of
DPD. More importantly, this study opens new directions
for further investigations into the neuropathological
mechanisms of DPD.
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